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SURGICAL APPLICATIOXS < )F 11 ] KK.WEl 'TU ' 
VENOUS OPSTRUCnoX ‘ 

BARNEY BROOK?. M.U. 

Professor of Surtiery, V.-mtlcrln'lt rnivcr-ily 

TI.NN, 

It is remarkable that a process so ajij):irciu as llie rircnl:iiii>n of ihr 
Wood could have remained imdiscoYcred ihron”h '•>> manv centuries (hir- 
ing which there was au acciunulatum of knowledge of oiIut more 
complex phenomena. If one only coniemplales the vast ttnntlier ,»j 
opportunities which were presented for the discovery of tin- circulation 
of the blood and recalls the simplicity of the experimetit.s of William 
Harr-ey. one is amazed that this discovery should have heeu deferred s-, 
Lng. It rvoiild seem as if a sort of mysticism always a'-'-igned to tin- 
cardiovascular mechanism had prevented an appreciation of its simple 
realities. Discussions of the prohlcms of the circulation of ilie c.Ntrcmi- 
ties still contain man\- vague idca.s and few dermitc terms. It would 
seem worth while, therefore, to discuss some thcrajiemic measure atinli- 
ca e to disease of the circulation of the extremities with tite obfect iu 
vtewot tracing its historical dcvelopmeni and collecting the exist cut 
ennite knowledge concerning it.s fundamental principles. 

Therapeutic venous obstruction is as old ns medical literature. ‘ It 
that intentional obliteration of \-eins should have Iweii 
. used m the treatment of conditions in which there were externa) 

■'‘"T , 

fcM 4 * p:!r(A“ n 

«< Kci.ion of v=r' ' -''e'na.- plsus a,„j Galen tlBcrihed 

Caius M ■ ' I Plutarchus. The fact that the celchrated 

rnSr'a"' “d v 

IMax Schede ^ ^,.,1 r i t i tortitude. In more recent 
ede and Trendelenburg ' revived tlie operative tre.u- 

^ Submitted for publication, March 2. 1929. 

School. 

Jan. b. 1929. 5urg,ca) Society, deifvered in St. Louis, 

"'“J '■"!<. IVilS,™ 

I tr B ->■ h- «. ■ 
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ment for varicose veins. During the past few years, there has been a 
marked revival of interest in therapeutic venous occlusion by injection. 
It is interesting to note that this method was extensively used and 
discarded pi'evious to the development of antiseptic surgery. 

The origination of the idea of purposeful occlusion of normal veins . 
as a therapeutic measure in the treatment for arterial disease is usually 
ascribed to Sir George Makins ® who observed, from experiences in the 
South African War, that there was a smaller incidence of gangrene in 
those instances of arteriovenous fistula resulting from gunshot wounds 
which were treated by ligation of both the artery and the vein than in 
similar wounds treated by ligation of the ai'tery alone. It is interesting 
to note, however, that this observation of Makins was not recorded 
until his delivery of the Bradshaw Lecture in 1913, and that at this 
time he referred only to a study of a series of records of arteriovenous 
fistula. 

In a subsequent address, the Hunterian Oration delivered in 
February, 1917, Makins ® went further in his conclusions as to the 
application of venous occlusion as a therapeutic measure. In this 
address he advocated the possible value of ligature of the vein as a 
therapeutic measure in instances in which there is arterial occlusion but 
no fistulous opening between the artery and the vein. It is interesting, 
however, to note that in this address, Makins referred to the obser- 
vations of von Oppel concerning the beneficial effects of simple ligation 
of the vein in instances of spontaneous arterial occlusion without 
arteriovenous fistula. 

During the World War, this subject was made the principal point of 
discussion at a meeting of the French Surgical Society in July, 1917 , 
at which time Professor Tuffier ' expressed his views on the subject 
in the following words : ® 

We all know that the three arterial ligations which most often expose patients 
to grave dangers of disturbance are (1) those of the femoral trunk, (2) those of 
the carotid at its bifurcation, and (3) those of the popliteal artery in the lower 
half of the popliteal space. If I believe everything that I have seen of ligation 
since the beginning of this war, it is that the occlusion of the popliteal in its lower 
half causes most disasters ; gangrene of the limb is very often a consequence of it. 

To lessen the chances of ischaemia or of the gangrene following ligatures in 
these regions, it has been advised to have recourse more often to lateral sutures 
in all cases where the nature of the lesions permitted it, and I fully share this 
opinion. There is a great advantage in having recourse to arterial sutures , they 
are less difficult to place than one believes. 

5. I^Iakins: Gunshot Wounds of the Blood Vessels, New York, Villiam 
Wood & Company, 1919, p. 101. 

6. Makins: Lancet 1:249, 1917. 

7. Tuffier; Bull, et mem. Soc. de chir. de Paris 43:1469, 1917. 

8. Halsted’s translation. 
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There is a practice to Mhich I cIcmVc acaiu to direct ><nir .ittauion iii thi' 
connection; it is ligation of the corresponding iicaUh> \tin in all c.uc< n - 
tion of the great cesscls of the root of the limhs. This quest, nn. r.nsd ln,n a. 
can find in actual occurrences some particularly Miggcstuc statistics liur. is 
first a fact nhich appears nell demonstrated; it is that Imatim, m tiie mih .ird 
of thearterc in the case of wounds of the two \csscls docs not increase the d.i.c r 
of ischaemfa. Morcoaer, the statistics of the lumhsh Arnu. which Sir 
Makins has communicated to us, gne in this connection the inlh.wmr rat,^ s^ 
Ligation of the artery alone is followed in a general wa> h> nam-rciie ni -i' - 
per cent, whereas simultaneous ligation of the artcra and of the \cin imdi r vl’f 
same conditions gi\es 24 5 per cent; and I speak onK of gangrein- from isc.ia' .n i 
The most marked difference is in connection with the tv-ipUlcal; lication <'f the 
arterc alone in twenU-four cases ga\c farorahlc results in per cent, .nii! 

gangrene in 4166 per cent. Simultaneous ligation of the artery and of the \i”i 
has gicen in twenU-eight cases twcnt\-two faror.ihic results and • ills six ct-' s 
of gangrene. 


It is interesting to note that Tuftier rel'crrcd to sinniltancotis ligation 
of the vein as “a subject raised long ago,” Ihc danger of liga'ine ot 
veins in the presence of suppuration was cmphasi7c<! hy I’trogofi, 
After the development of antiseptic surgcr_\ . both e.xiicritnenlal and 
clinical obseri'ations were reported which justified the conclusion that 
ligature of the vein with the artery docs not entail a risk of gangrene 
greater than ligature of the artery alone. 1 have found no rtcord 
previous to the beginning of the twentieth century which contained a 
definite statement indicating that ligation of a vein is a therapeutic 
measure in the treatment of arterial disease. In a prixatc conmnmication. 
Makins stated; “At the time of the Boer War (1899-1902). 1 held the 
generally accepted view of the necessity of sparing the vein.” 

In a report of a study of the surgical treatment for aneurysm of the 
subclavian arter)-, Halsted ° discussed the subject of thcrajiculic occlusion 
of healthy veins at some length. In this publication, he called attention 
to the fact that occlusion of the vein, as a method of prevention of 
gangrene, had been recommended previous to the time of the }Hiblications 
of Makins. He expressed the belief that the first record of the idea 
IS contained in a report of an operation by von Oppel."® published 
in 1908. It is interesting to note that this publication of von Opiiel 
dealt with an operation on a patient suffering from arteriovenous fistula. 

It would seem, therefore, that the fundamental principles involved 
in therapeutic venous obstruction had been considered the same whether 
tins operation was applied to arteriovenous fistula or to arterial obstruc- 
tion without arteriovenous communication. 

I believe that this opinion is erroneous and that careful study of the 
con itions p resent in varicose veins, arteriovenous fistula, and in arterial 

9 Hakted Johns Hopkins Hosp Rep 21:3, 1921 

to Von Oppel: Arch f khn Ch,r 86:31, 1908. 
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obstruction without fistula will show that the fundamental principles 
iuA'olved in the application of therapeutic venous obstruction to these 
different conditions are not the same. 

In order to make myself clear in the attempt to analyze the different 
conditions in the circulation of the extremities for which therapeutic 
venous occlusion is indicated, it will be necessary to review briefly some 
of the most elemental factors concerned in the circulation of blood. 

In the beginning-, it is worth while to point out that however complex 
the function of the circulation of the blood in health or the pathologic 
changes in blood flow in disease may be, the actual circulation of blood 
is only a fluid flowing through tubes. The physical and chemical char- 
acteristics of the fluid may vary and the mechanism of control of the 
■ cross-section area of the tubes may be exceedingly complex, but the 
fact remains that in the last analysis the circulation of the blood is a 
simple mechanical phenomenon. 

If the circulation of the hlood in health or disease is approached 
from this point of view, it is at once apparent that with the assumption 
of a constancy of the physical and chemical properties of the blood, there 
are two important variable factors : ( 1 ) the amount of blood which 
passes through a unit volume of tissue in a given time, the volume 
flow, and (2) the tension of the blood in the vessels through which 
it is passing, the intravascular pressure. It might be said that if the 
peripheral circulation is to be discussed from the point of view of its 
being a mere mechanical phenomena of a fluid flowing through tubes, 
volume flow was the single important factor since it is obvious that the 
amount of fluid which flows through a unit length of a tube is dependent 
on the cross-section diameter of this tube and the difference in pressures 
between the inflowing and outflowing points, but certain evidence exists 
which makes it seem likely that nutrition of the tissues is dependent on 
the conditions of intravascular pressure independent of volume flow. 
It is also worth while to emphasize another point, the lack of appreci- 
ation of which has often led to error. The volume flow of blood must, 
of necessity, in all instances be the summation of all the blood flowing 
through every channel of that particular portion of the body under 
consideration. For example, the cardiac output or the total amount of 
blood which is put out by the heart in a unit of time must be the same 
as that which is flowing through every capillary in the body. It is 
possible to have great variations in the volume flow of blood through 
an}' particular organ without necessarily changing the cardiac output or 
total volume flow. For example, during the process of digestion, there 
may be a much larger amount of blood flowing through the intra- 
abdominal organs and a correspondingly less amount of blood flowing 
through the peripheral structures. This principle is perhaps best referred 
to as the distribution of blood flow. The amount of blood flowing 
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through an extremity may be actually itrcater than normal, it. s!>ite nf 
the fact that a portion of this extremity may he rece.vmu ;i I>h>o<l 
flow below that necessary for normal milrilion. I wi^h partK-nlarly to 
emphasize this point because of coiKlusious that are now heiin; ds.iv.n 
from certain experimental work in which it is asstmiod that rvidimce 
of an increased volume flow of blood to a lower extremity taken 
to mean that all of the tissues of this extremity are receivine an 
increased circulation. 

The distribution of the blood flow through tissues ttmsV he cousidercl 
as applying to small volumes as well as to relatively large \olume'- oi 
tissue. It has been clearlv demonstrated that bhxul uta\ he tlowing 
freely through a capillary at a time when no blood is (lowing through 
another capillary a small fraction oi a millimeter distant. 


FVXDAMEXT.AL PRIXCIPLES OF TllF.R.WKrTlC VF.XOf.S omU-SIoX 


After this definition of terms, I shall proceed with a discu^sion tif the 
fundamental principles involved in the application of therapeutic veiiou'- 
occlusion to those conditions for which it has been used. 

Venous obstruction as a therapeutic measure has been aitjdicd in 
three conditions: varicose veins with the attendant ulcerafmn. arteri- 
ovenous fistula and simple arterial obstruction which may he either acme 
complete or progressive partial. 

1. In instances of varicose veins associated with poor nutrition of 
tissues, the condition is probably one in which the poor nutrition of the 
tissues is the result of an already existent venous nb.<iruction that 
operates to produce a diminished volume flow of blood through .come 
of the superficial tissues. The only reason for the occlusion of the 
dilated veins which has ever been assigned, parado.xic as it may seem, 
is the ultimate removal of this existent venous obstruction. Further 
discussion of this particular phase of surgery of the venous system is 
not appropriate at this time. 


2. In instances of arteriovenous fistula, the conditiou is one of an 
abnonnal communication between the artery and vein through which 
the blood, destined for the tissues supplied by the artery distal to the 
fistulous opening, is shunted directly into the vein. In this condition, 
tliere are two circulations: a normal circulation through the capillar\- 
ed of the extremity and an abnormal circulation through the fistulous 
track. The arteries, capillaries and veins of the extremity are presum- 
normal. The anatomic defect lies solely in tiie fistulous communi- 
ca ion between the artery- and the vein. The physiologic defect lies 
be.’ d^ninution of the volume flow through the capillary bed 

ause part of the arterial blood passes directly into the veins tb'rough 
fistulous opening. From this, it is obvious that any therapeutic 
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circ“°tio., ’™ ™"™l 

3. In instences of simple arterial occlusion without arteriovenous 
^ slula and without any demonstrable disease of the veins, the condition 
IS one of a reduction of inflow of blood into the arterial tree distal to 



Fig. 1. Conditions of the circulation of the extremity in the presence of 
\aricose veins of the leg. Tlie hydrostatic pressure in the absence of valves in 
the saphenous vein results in an increase in the venous pressure in the superficial 
veins. There is, therefore, a disproportion between the resistance offered in the 
capillaries of the superficial circulation and the capillaries of the deeper circula- 
tion. In this figure and figures 2, 3, 5, 6, 7, 8 and 9, V indicates vein and 
A. artery. 
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/ 



^'‘her through the caniH.r T?' ^ ™^-'' ‘he arten- to tlie ^-ei 

arterv is obstruSed ‘he arm or through the arteriovenous fistula ] 

;;;;7h the cotstnS sri:: t "p-- 

fistulous opening. Obstruction of tt, " ^ through the capillaries c 

'^'^■t'ution in the volume flou ^ t. ^ f ‘h^tefore, merely results in 
'^me flou- through the canillai TT hoth circulations. The reduction of th 
f than the reduction of ?he ? o proportionate! 

-^eousligafionofX how through the fistuloL ope m 

- oea- bee also figures 4 and 9. volume flow through th 
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the point of obstruction without a corresponding reduction in the 
capacity of the outflow channels. There is no communication between 
the artery and vein other than through the capillary bed, and blood 
^may flow from the artery to the vein through this capillary bed in 
all portions of the extremity. 'With an appreciation of the elementary 
principles of the flow of fluids through tubes, it becomes obvious that 



Fig. 3.~Co)idjtion5 present in t)ie circulation of the arm with simple arterial 
obstruction without arteriovenous fistula. No communication exists between tlw 
artery and vein except through the capillaries of the e.xtremin . Therapeutic 
occlusion of the a.xillary vein makes it necessary for the return flow of blood to 
pass through the collateral vein. A difference of opinion exists as to the effects of 
the obstruction of the vein on the volume flow of blood through the capillaries. 
See also figure 7. 
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APEL'TIC J'EXOVS R( L I lO\ 


art a condition is of necessity associaletl a dtnnnttlton n c hnm 
flotv tl.rot.gh the tissues supplied by the obstructed artery and a rhuun- 
ished intravascular tension in tl.e arteries, capillar, es an, I veins. .M, 
arterv may he completely obstructed suddenly by wotiiul. h.uattirc in 
embolus, or arterial obstruction may be the result of a pru”ressive 


obliterating arterial disease. 

It is primarily my purpose in this paper to itK]mrc into the hisK.ry 
of the development of the idea of therapeutic venous ()l)strnctioii for 
arterial disease, to discuss the fundamental principles mv( jived and 1<> 
comment on the clinical applications. .\s has already been st;Ue<l, the 
origin of the idea of purposeful obstruction of a healtln \cin for its 
possible beneficial effects in instances of dangerous anemia from aiteri.il 
occlusion has been attributed to experiences with aiieriovenotis hstnla. 
The first advancement of this idea is usually attributed to Sir Genrge 
Makins. I am convinced, however, that the idea had previously occurred 
to others. From a study of the literature, it seems that Makins did not 
clearly enunciate this idea until the deliver}' of his I-Iuntcriaii (b'ation 
before the Royal College of Surgeons of England on I* eh. 14, 1917.’' 
and it is interesting that even at this time IMakins included the evidence 
derived from the operative treatment of arteriovenous fistula as sub- 
stantiating the conclusion that ligature of a healthy vein is to he 
recommended in instances of simple arterial obstruction. It is to the 
credit of Makins. however, that he apparently realized that ligature of 
the vein in arteriovenous fistula involved somewhat different principles, 
because lie stated in his Hunterian Oration. "Evidence, moreover, exists 
that under certain conditions ligature of both arter}' and vein is a prefer- 
able procedure. The first example, not au inunixed or simple one,” mav 
be sought in the results obsen-ed to follow the application of a single 
proximal ligature to the arter}' in cases of arteriovenous aneurysm. 

"A more striking example is offered by the ligaturing of the popliteal 
vein alone for the treatment of senile gangrene of the foot bv \V. A. 
Oppel.” 

It is interesting that Halsted, also, apparently confused the principles 
underlying occlusion of the vein in the treatment for arteriovenous 
fistula with the principles underlying the therapeutic occlusion of the 
vein in instances of arterial obstruction without arteriovenous fistula. 

^ The experience of von Oppel. to. which Halsted ascribed the origin 
ot the idea of ligation of the concomitant healthy vein in the presence 

arterial obstruction, was briefly as follows ; 


aviltan-Trf manifestations of a fistula between the 

ik Author’s italics. 
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The first operation was completed at 11:30 a. m., and consisted of a double 
ligauon and division of the axillary artery proximal to the aneurysm sac- Fol- 
lowing this procedure, the arm became deathly pale and the blood pressure, zero. 

The second operation was begun at 3:30 p. m., and finished at 4:3o 'p. m. 
The wound was opened. The axillary vein was divided above the aneurj'sm 
between ligatures. No change in the arm was noted by ICorotkow. The operator 
then observed that pressure with the finger in the space between the stumps of 
the divided artery caused the arm to become red and the blood pressure to rise 
to 40 mm. A search was then made in the vicinity in which the pressure ^vas 
exerted, and a large vein (v. axilaris profunda) was found. This vein was 
doubly ligated and divided. The blood pressure in the arm rose to 40 mm. The 
wound was then closed. When the dressings were applied, it was noted that the 
arm was getting pale. After the patient was returned to bed, the arm continued 
to be pale and severe pain developed. 



Fig. 4. — The operative procedure of von Oppel to which Halsted ascribed the 
origin of the idea of therapeutic ligation of the vein for prevention of gangrene. 
The diagrams are made from von Oppel’s description. A. A., axillary artery , 
X., arteriovenous fistula; A.V.^ axillary vein; A.V.P., deep axillary vein; B.V.L., 
lateral brachial vein; medial brachial vein; C.V., collateral vein circula- 

tion ; C.A., collateral arterial circulation. A description is given in the text. 


The third operation was begun at 8:30 p. m., and consisted in a complete 
extirpation of the arteriovenous fistula. Immediately after isolation of the 
aneurysm sac, the arm became hyperemic and remained so for a period of twentj 
four hours. Pain ceased, and an uneventful convalescence ensued. 


I believe that von Oppel was in error in attributing the temporary 
improvement in the circulation of the arm observed during the course of 
the second operation to occlusion of the deep axillary vein. It vou 
seem more likely that the pressttre of the finger or the operative 
maneuvers of exposure of the vein resulted in temporary compression 
of the fistulous tract. I believe that he was also in error m his state- 
ment that the patient's condition was improved Iiy the second operation. 
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The extreme pain which was present between llie second and thwd 
operations would seem contradictory to this view. ^ _ 

This paper of von Oppel is an admirable record of the principles 
involved in the treatment for arteriovenous fistula. 1 am certain that 
any one who carefully reads this publication of von Opj^el will be 
convinced that Korotkow, who was associated with von Oppel. had a 
clear conception of the principles involved in the ligature of the vein 
as a part of the operative procedure in the treatment lor artcrior cnoiis 
fistula. I believe that von Oppel had in mind only the conditions 
peculiar to arteriovenous fistula when be stated : 

So far as I know, up to the present time, there has been no incnlion of n role 
being played by the veins in relation to the origin of gangrene of the extremities 

Von Oppel’s conception of the relationship of venous obstruction to 
the conditions associated with arteriovenous fistula is more clearly 
expressed in the following statement: 

When it is realized that the function of the collateral arterial circulation can 
be and is disturbed by tlie veins which suck arterial blood through the ancury.smal 
sac, then it is easy to draw the conclusion that those operative procedures should 
be chosen which will remove the aspirating effect of the veins upon the arterial 
blood, in other words, that procedure will be correct which, in the region of the 
aneuia-sm. separates the bed of the arterial blood from that of the venous bloodP 
In the separation of the bed of the arterial blood from that of the venous lies 
the principle of safe operative treatment of arteriovenous aneurysm of the 
peripheral vessels. 

I believe that the first appreciation of the fundamental principles 
underlying therapeutic venous occlusion for arterial obstruction with- 
out arteriovenous fistula is to be found in the records of the experiences 
with an operative procedure opposite in nature to the operative method 
applicable to arteriovenous fistula. 

In 1902, Carrel and jSIorrel attempted some experiments, the object 
oi which was the reversal of the circulation in an extremity. During 
the same year, both Satrustegui "= and Jaboulay attempted to produce a 
fistulous opening between the femoral artery and the femoral vein with 
the idea that this procedure would be beneficial in patients in whom 
gangrene of the extremity' seemed imminent. In 1906, Carrel showed 
conclusively that reversal of the circulation was possible in the experi- 
mental animal. In the same year, Hubbard of Boston and Lilientbal 
ot -New Vork reported instances of the application of this operative 
Hoced^for the treatment of impending gangrene of an extremity. 

12. Satrustegui; Bull, med., Madrid, 1902. 

13. Carrel and Guthrie; Ann. Surg. 43:203. 1S06. 

14. Hubbard: Ann. Surg. 44:559, 1906. 

Ij- Lilientbal; Ann. Surg. 45 ;1, 1907. 
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In 1908, Wieling^" of Constantinople described the indications, the 
opeiative technic and the results of an operation intended to reverse 
the circulation in the arteries and veins of an extremity in instances of 
azteiial occlusion. In spite of the priority of the publications of Carrel, 
Hubbard and Lilienthal, this operation is still referred to in the litera- 


ture as the Wieting operation. Following Wieting’s report, there was 
much discussion as to the value of this operation as a therapeutic 
measui'e and as to the possibility of its actuall)'' resulting in a reversal of 
the direction of blood flow through the capillaries. The controversy 
between Wieting and Coenen was particularly spirited. Wieting 
enthusiastically contended for the success of the operative procedure 
and discredited all experimental work which led to conclusions con- 
trary to his own. The result of the controversy was the stimulation of 
a wider interest in the problems concerned. 

The technic of the operative procedure which stimulated so much 
interest in the surgical treatment for diseases of the circulation of the 
extremities was variously modified. The original procedure consisted 
in a complete division of both the arteiy and the vein, transposition of 
the stumps of the vessels and end-to-end sutures. The operative technic 
was changed to one in which the vein was ligated, the artery divided, 
the distal stump of the arterj'’ ligated, and an anastomosis made between 
the proximal arterial stump and the vein distal to the ligature. The 
same result was accomplished by another modification of the operative 
technic, in which a lateral anastomosis of the artery and vein was made 
and the vein ligated proximal to and the artery distal to the fistulous 
opening. The final modification of the operation consisted of a lateral 
anastomosis of artery and vein and ligature of the vein proximal to 
artificial arteriovenous fistula. 

The result of the interest in these operative procedures was the 
stimulation of a considerable amount of experimental work, of which 
some of the most interesting and valuable contributions have been over- 
looked because of their publication in the Russian language. It would 
seem, however, that von Oppel and his assistants were the first to call 
attention to the possibility that all the beneficial results which had 
followed the various operative procedures for reversal of the circulation 
had been due to venous obstruction rather than actual reversal of the 
circulation. Von Oppel, therefore, advanced the idea that the logical 
procedure in instances of arterial obstruction was the ligation of 
the vein. As evidence of the truth of this, he*® reported in 1913 
six instances of marked anemia of the lower extremity in which definite 
evidences of improvement had followed ligation of the popliteal vein. 


16. Wieting; Deutsche med. Wclinschr. 34:1215, 1908. 

17. Coenen: Zentralbl. f. Chir. 38:106, 1911. 

IS. Von Oppel: Vrach. Gaz. 20:303, 1913. 
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Tt is to this report that J^Iakins referred iit liis llunteriati Unation uj 
IvUich lie first advocated the ligation oi the vein m mslanccs m a, le, ... 

obstmtion without arteriovenous fistula. _ _ 

It tvonld see..., therefore, as if the idea ot thcrapent.c venons . ccln- 
don for simple arterial obstruction grew out oi the evi-cncnces tv.lh a 
operative procedure which in reality is a procedure quite opposite to that 

usiiallv considered the origin of the idea. - . i i 

In passing it may be said that no belter evidence ni the lack oi 
knowledge of the elementary principles of the circulation ot blood conk 
be cited than the fact that a condition rccogniacfl as the can.se of gangrene 









Fig. 5.— The various modifications of the operative procedure designed to 
reverse the circulation of an extremity. 


■^vas produced as a means of its relief. It is also worth while to call 
attention to the fact that during this period of awakened interest in 
therapeutic venous occlusion, there was apparently no clearcut definition 
oi the different conditions to which it was deemed applicable. \'on 
Oppel revealed his conception of the abnormal conditions of the circu- 
lation due to arterial obstruction when he wrote ; 


As IS known, angiosclerotic gangrene begins because of the lack of arterial 
supply. In instances of diminished circulation of an extremity, if the 
tMrcmiiy is elevated, it becomes deathly pale and the characteristic ischemic pain 


MeSal Vanderbilt University 
‘cuKal School and abstracted by the author. 
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ensues. If the extremity is then put into dependent position, hyperemia appears 
and the pain disappears. Why is this so? Observation of the blood pressure in 
tlie thigh in a patient with impending gangrene shows the blood pressure to be 
30-50 mm. of mercury, which is about that of collateral arterial pressure after 
occlusion of the major arterial trunk. The blood pressure is, therefore, sufficiently 
low so that the hydrostatic pressure from the horizontal position is enough to 
cause cessation of the circulation. Maniewsky’s experiments show that the 
Trendelenburg position may cause the pressure in the femoral .vein to diminish 
nearly to zero. This is true if the arteries are healthy and the extremity is com- 
paratively short. It is clear that with a diminished inflow of blood, this phe- 
nomenon would be exaggerated. Diminution in the venous pressure will result 
in a sucking into the vein of the collateral arterial blood supply and thus divert 
it from reaching the more distal aspects of the extremity. When the extremity 
is placed in the dependent position the weight of the blood in the arterial tree 
will be sufficient to cause a dilatation of the arteries, and the venous pressure will 
be increased. The adA'antage of the dependent position in preserving the nutrition 
of the tissues in patients with incipient gangrene is shown by the fact that these 
patients always prefer the extremity to be in the dependent position. In some 
instances, the patient cannot even endure the horizontal position. Both clinical 
and experimental observations show that ligature of the vein is associated with an 
increase in the pressure in the veins and arteries. 

On these observations, I have recommended the ligation of the vein as a pal- 
liative procedure in instances of ischemic conditions, realizing that this procedure 
produces a reduction in the circulation but is beneficial to the patient, at least 
for a time, in preventing the pain and helping to limit the gangrene. Ligature of 
the vein is beneficial not because the outflow is reduced, but because reduction in 
the outflow favorably influences the arterial circulation. 

EXPERIMENTAL WORK 

It would be impossible to review all the experimental work tvhich has 
a bearing on therapeutic venous obstruction. Many important obser- 
vations bearing on this subject are contained in the records of researches, 
the purpose of which was the study of other problems in the circulation. 

A brief review of a few of the most recent publications, devoted 
exclusively to the simultaneous ligature of the vein as a therapeutic 
measure in arterial obstruction, is sufficient for the object of this paper. 

At the Conference of Inter- Allied Surgeons in Paris in 1917, van 
Kend reported some experimental work, the conclusions of which 
were reported by Makins as follows : 

In carrying out a series of experiments made with the object of determining 
the indications and physiological basis for transfusion of blood, I lave^ la t le 
opportunity of measuring the blood pressure in limbs of which the mam 
had been ligatured. The blood pressure w'as taken successiveb a ter tie are j 
alone had been tied and again vvdien ligature of the vein had been super 

20. In “reduction of the circulation,” I believe that von Oppel had in mind 
the entire extremity and not its most peripheral aspects. 

21. Van Kend: Compt. rend. conf. chir. internat.. Paris. 191/. P. 348. 
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Mv obsen-ations confinn the view that lias been expressed by Sir Gcorse Makiip. 
In fact, plethvsmographic tracings demonstrate clearly that a slight rise in the 
blood pressure in the limb follows the application of a ligature to a mam vein 
after previous ligature of the artery. It appears then froin the standpoint oi the 
physiologist that to leave the main vein viable after occlusion of the mam artery 
of a limb diminishes what may he called the residuary blood pressure tu.aintaiucd 
by the collateral circulation. If the contribution of the collateral circulation is 
allowed to remain with the main vein intact it is natural that the rcsiduar\ blood 
pressure should fall. If tin's view be adopted, ligature of the vein as well as the 
arterr' should be recommended in order to retain the blood supplied in longer 
contact with the tissues. Thus the most satisfactory conditions for the main- 
tenance of the nutrition of the organs arc provided, because the obstacle to the 
return circulation provided by the ligature retains the blood for a longer period in 
the member. 


Maldns also quoted from a private commiinicatiou received from 
!Major Hamilton Drummond in which Drummond reported having 
found, from experiments made on loops of intestine of tlic cat, that 
gangrene more frequently* followed ligation of the arteries alottc than if 
both the arteries and the veins were obstructed. 

The only experimental work which Halsted reported in his dis- 
cussion of therapeutic venous occlusion tor the relief of symptoms 
following arterial occlusion is the result of six experiments in which 
the blood pressure in the arteries distal to the arterial occlusion was 
measured before and after occlusion of the concomitant vein. It was 
found that venous obstruction was always followed by an increase in 
the intra-arterial tension and that release of 'the venous occlusion was 
followed by a diminution in the intra-arterial pressure. 

Experimental work which was undertaken for the study of other 
physiologic changes than those of blood pressure was reported b\’ Brooks 
and Martin in 1923. In these experiments, it was found that the 
blood pressure in the artery distal to the point of occlusion was 
increased by the occlusion of the vein at the level of arterial occlusion. 
The pressure in the vein distal to the point of occlusion was increased 
relatively more than the pressure in the artery. Tlie effect of the venous 
obstruction on the volume how of blood in the tissues was studied by- 
means of determinations of temperature in the tissue. It was found 
that affer occlusion of the artery the temperature of the tissues, supplied 
by this vessel, was diminished and that further diminution ' occurred 
>t tlie concomitant vein was also obstructed. From these facts it was 
concluded that in instances of arterial obstruction occlusion ’of the 

™ intravascular blood pressure 
___^^^^essels distal to the occlusions, and that the diminution of the 



archives op surgery 

volume flow of blood which resulted from the arterial occlusion was 
further dimimshed by the venous obstruction. 

Ihe effect of ligation of the concomitant vein on the incidence of 
gangrene m arterial obstruction was studied in a comparatively large 
senes of experimental animals. It was found that the incidence of 
gangiene was decidedly less in those instances of obstruction of both 
artery and vein than in those instances in which the artery alone was 
obstructed. 

Fiom these experiments it was concluded that obstruction of the 
concomitant vein in the presence of arterial obstruction resulted in an 
increase in intravascular pressure but in a decrease in volume flow 
of blood through the tissues. The diminished incidence of gangrene, 
in spite of the diminished volume flow of blood, was attributed to the 
beneficial effects of the increased intravascular tension which probably 
operated in such a way as to produce a more equitable distribution of 
the blood flow. 

More recent experimental work by Holman and by Theis -■* has 
confirmed the effects of concomitant ligation of the vein on the blood 
pressure, but both Holman and Theis have reached a conclusion contra- 
dictory to that of Brooks and Martin concerning the effect of con- 
comitant venous obstruction on the volume flow of blood. I believe that 
both of these investigators are in error in that they have not correctly 
interpreted their experimental observations. Both of these investigators 
have used the same method for estimating the effects of obstruction 
of the A'-ein on the volume flow of bloocj. This method consists in 
observing the flow of blood from a cannula placed in the artery distal 
to the point of arterial obstruction. It was found that the amount 
of blood Avhich floAved out through the cannula was increased if the 
vein was obstructed. This fact aa'US interpreted by both of these 
iiiA'estigators to indicate an increase in A'olume flow of blood through 
the tissues after occlusion of the A'ein. It would seem obvious that the 
increased flow of blood from the cannula in the artery distal to the 
obstruction AAmuld be the result of an obstruction to the outfloAv of 
blood and the corresponding increase in intravascular pressure and 
would thus be an evidence of diminished rather than increased volume 
flow through the tissues. 

Other physiologic changes resulting from intentional occlusion of 
A^eins haA^e been studied experimentally. Holman and EdAA'ards, from 
experiments on dogs, found that the arterial blood pressure distal to the 
point of arterial obstruction Avas increased relatively more if the vein 

23. Holman, E., and Edwards, H. E.: New Principle in Surgery of Large 

Vessels, J. A. M. A. 88:909 (March 19) 1927. . . ^ 

24. Theis, F. V. ; Ligature of Artery and Concomitant Vein m Operation on 

Large Blood Vessels, .A.rch. Surg. 17:244 (Aug.) 1928. 
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was occluded at a level nearer the heart than at the site of the arterial 
obstruction. These investigators believed tiiat the occlusion of the vein 
at this relatively higher level caused an increase in the i)crii)heral resis- 
tance of the circulatory bed supplied by the arteries furnishing the 
collateral branches, and thus caused a diversion of blood through the 
collateral paths of circulation into the arterial system distal to the i)oint 





*'»«s that obs, ruction of U.e vein a i° r L H is 

the cannula. The fact that mL hi Tl '>''"><1 Ho'vin. 
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vein at the same level of arterial occlusion. This possibility was also 
considered by Brooks and Martin, but no experimental evidence could 
be found to substantiate it. As a matter of fact, their observations 
were such as to lead them to believe that this diversion of blood flow 
did not actually occur. 

1 he effects of venous occlusion on the number and size of the paths 
of collateral arterial circulation about a site of arterial obstruction 
have been studied experimentally by Pearse and by Theis.-^ Pearse 
found that ligation of the artery and vein was always followed by a 
richer collateral vascular bed than that following obstructioii of the 
artery alone. On the other hand, Theis found that the collateral circula- 
toiy bed w'ns better developed in those instances in which the artery 
and vein were occluded onl}'' if the determination was made immediately 
after the experimental vascular occlusion. In observations on the 
experimental animals, after a period of three weeks, the vascular bed 
was richer in those instances in which the arter}" alone was occluded. 

The different results obtained b}'^ these investigators must have been 
due to a difference in the experimental methods used. It is worth while, 
however, to call attention to the fact that the size of blood vessels as 
determined by injection is not a reliable index of the actual volume 
flow of blood through tissues, and also to the fact that the condition of 
the circulatory bed three weeks after a sudden arterial occlusion is not 
necessarily important in the study of the cause of gangrene. 

The conclusions from all observations concerning the physiologic 
effects of obstruction of a vein in the presence of arterial obstruction 
may then be briefly summarized as follows: 

1. All observers agree that ligation of the concomitant vein in the 
presence of simple arterial obstruction is followed by an increase in the 
blood pressure in both the veins and the arteries distal to the level of 
obstruction. 

2. Both experimental and clinical experience indicate that the inci- 
dence of gangrene is diminished. 

3. In the attempts to explain the beneficial effects of theiapeutic 
venous obstruction on the manifestations of arterial occlusion without 
arteriovenous fistula is found the confusion of ideas. Some aie content 
to assign the beneficial effects to the ^'retention of blood in the tissues 
or to a “restoration of the balance in circulation. ’ With a cleai con- 
ception of the fundamental principles of circulation of blood and the 
specific conditions under consideration, it becomes evident that the 
important differences of opinion, in regard to the effects of therapeutic 
venous obstruction, lie in the different views held concerning the in u 
ence of this procedure on the distribution of the volume flow of blood. 


25. Pearse; Ann. Surg. 86:S50, 1927. 



brooks— THERJPBCTIC VEXOUS Rl'C'IlOS 

It would seem as if all observers, except Brooks and 
believed tlmt ligation of the vein wa< benolicitil beennse tbf- 
increased the volume flow of Hood m the captlhry bed ol tin .It ..I 
aspect ot the extremity. If such is true, then the lundamenlal ,.r...c,pl.;s 
involved may be the same in therapeutic venous nlistruclion whether n 
is applied as treatment for arteriovenous lislula or for simple tirtena 

obstruction. _ i i u i.. 

If the conclusions drawn from the experiments reported by l^rooks 

and ilartiii and other unpublished experiments of mine arc true, tlie 
beneficial results of therapeutic venous occlusion in instances of snnple 
arterial occlusion are not because blood flow is increased in the distal 
aspects of the extremity, but because the blood flowing through the 
distal aspect of the extremity is more equably distributed in the capil- 
laries and is under greater tension in all the vessels. The actual amount 



^g. 7. — The different ideas which have been e-xpressed as to the effect of 
nmultaneous ligation of the vein on the volume flow of blood. In these diagrams 
the amount of the volume flow of blood in the capillarj" beds of the different 
Aspects of the extremity is indicated by the vertical height of the rectangles. The 
distribution of the blood in the capillaries is indicated by the network in the 
lectaugular spaces. The intracapillarj- pressure is indicated by the relative thick- 
ness of tlie lines of the nerivork. In A it will be seen that ligature of the vein 
<5 followed by an increase in the amount of volume flow and intracapillarj- 
pressure m all aspects of the extremiu-. In B ligature of the vein is followed 
• diminution in the volume flow through the pro.ximal aspect of the extremity 
and an increase in the volume flow tlirough the distal aspects of the extremitj-. 

■“E wtracapiiiary pressure is increased in all aspects, and no change is indicated 
'n the distribution of tlie flow in the capillaries. In C it will be noted that the 
nme flow of blood is diminished in all aspects of the extremity after ligature 
tion intracapillary pressure is increased in all parts. The distribu- 

rw'am! f ™ ^’ost distal aspect of the extremitv before 

of the vein is irregular, while after ligature of the vein it is homogeneous 
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of the blood flowing through the distal tissues of the extremity is 
dinnn.shed by ligation of the vein. The principles involved in this view 
are entirelj- diflerent from those concerned in therapeutic venous occlu- 
sion in the j^resence of arteriovenous fistula. 

fiiom a consideration of these facts, it would seem as if any existent 
difTeience of opinion was a matter of only academic interest, and that 
fiom the piuely jDractical jDoint of view the indications for therapeutic 
venous obstruction are clearly defined. Such is not the case. The 
conditions so far discussed have been considered from the point of 
view of their being fixed or unchanging. In the clinical application 
of the principles of therapeutic venous occlusion for arterial obstruc- 
tion, it must be borne in mind that the situation is made more com- 
plex because the conditions are constantly changing and thus the remote 


•V A 




Fig. 8. — The differences in the conditions attending the development of col- 
lateral circulation in arteries (A) and in veins (V). It will he noted in A that 
the collateral circulation is from a branch proximal to the arterial obstruction 
through the collateral anastomotic branch (C) and thence in the reversed direction 
through the artery forming the distal aspect of the collateral arch. It is obvious 
that the amount of blood which passes through the collateral arch may continue 
to increase with an increase in the cross-section area of the arch. In V it will 
be noted that the collateral circulation about the obstruction is prevented 
developing through the channel Z on account of the action of the valves. it 
develops through the channel Y and this vessel subsequently enlarges, t len its 
valves become incompetent. 

as well as the immediate effects must be considered. In sudden arterial 
obstruction, from a wound or embolus, the greatest interference ith t le 
blood supply is immediate and without further complications, t le 
blood flow through the anemic tissues may be expected to increase w 
the development of the collateral circulation. In instances of c ironic 
arterial obstruction due to progressive obliterative arterial disease, 



BROOKS-THERAPEUTIC VEXOVS OBSTRUCTIOX 


2 \ 


may be a constant or intermittent change in the oppo i tc 

the amount of venous obstruction which is produced by the h.^aturc ot 
a vein does not remain fixed. Paths of collateral circulation develop 
about points of venous obstruction. Important dilTcrenccs exist between 
development of collateral circulation in veins and in ai icrics. 

The sole source of energ}’ for the propulsion of the blood stream 
through the arteries is the contraction of the heart. I he dc\ilopmcnt 
of collateral circulation about a point of arterial obstruction is ncce.ssanly 
associated with a reversal of the direction of flow through the artery 
constituting the distal aspect of the collateral arch. 


V A 



^'g. 9. — The effect of simultaneous ligation of the vein in the presence of 
arteriovenous fistula. In the conditions represented in the diagram, it will be 
Seen that with ligation of the vein at X with the competence of the valve at D 
Only such blood can pass through the fistula as could return to the heart through 
Ae vein (C). This would be true only if the pressure within the dotted area was 
insufficient to cause a breaking down of the valve at D. Subsequent increase 
in the pressure in the dotted area or dilatation of the vein at D would open new 
0 lannels for the return flow of blood passing through the fistulous opening. • This 
Ingram illustrates a principle which may explain the temporary “improvement” 
sometimes observed in the treatment of arteriovenous fistula by simple proximal 
iption of artery and vein. This condition may have been present immediately 
niter the second operation in von Oppel's case. 


The capacity' of the collateral arterial circulation is therefore deter- 
the cross-section area of the collateral anastomotic 


The energv- for propulsion of the blood through the veins is derived 
three sources; 1. Diastole of the right side of the heart aspirates 
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blood from the adjacent large veins. 2. The blood may also be pro- 
pelled through veins by the force of the left side of the heart trans- 
mitted thiough the aiteries and capillaries. 3. In veins with valves, the 
flow of blood is accelerated b)' the alternate compression and relaxation 
of the vein by motion of the adjacent tissues. The operation of this 
factor is dependent on the fact that the valves in the vein permit the 
flow of blood in only one direction. The last factor is of great impor- 
tance in propelling blood through A^eins of the extremity. 

If collateral circulation in veins is considered in the light of these 
facts, it is obvious that a A^enous collateral circulation cannot develop 
by the reA'ersal of the direction of the current through veins Avith com- 
petent A^ah'es. Furthermore, if the collateral circulation is through 
A^eins in the normal direction, then dilatation of these veins renders tiie 
A'^ah’^es inefficient. 

These statements are in accord Avith clinical experience. If an 
exti'emity successfully passes through the immediate critical stage 
foIloAving simple arterial occlusion, a satisfactory permanent recovery 
may be anticipated. If, hoAvcAfer, the manifestations of severe venous 
obstruction dcA'^elop, convalescence is prolonged and often ncA’-er 
complete. 

It would seem, therefore, as if the remote effects of therapeutic 
venous obstruction must be taken into consideration. In other AA'ords, 
ligation of a vein might be the means of averting gangrene but the 
cause of subsequent chronic venous stasis. The clinical experience 
available is not sufficient for drawing definite conclusions. A letter from 
Sir George Makins, Avritten in May, 1922, stated: 

I haA^e seen some swollen extremities and A'aricose veins amongst the war 
pensioners, but in all the cases I have had the opportunity of examining, the injury 
to the vessels was accompanied either by very extensiA’'e rvounds with loss of 
substance, or fracture of the femur or pelvis. I have not been able to regard 
these cases as a fair test, and no uncomplicated case of ligature of artery and 
vein with unsatisfactory after consequences has come under my notice. 

Still, I think the question of the ultimate condition of the limb must be con- 
sidered undecided. 

My own clinical experience leads me to believ^e that A'^enous occlusion 
of an amount sufficient to be of A^alue in the prcA'^ention of gangrene is 
often folloAved by manifestations of A^enous stasis from which conA^a 

lescence is prolonged or incomplete. 

From a consideration of all cAudence aA'^ailable, I belicA'e that the 
folloAving statements are substantiated by the results of experimenta 
study and clinical experience. 

A. In operations for the cure of arteriovenous fistula, the vein 
should alAvays be ligated in any of the folloAAdng conditions: (a) It 
in the course of an operation the artery has already been igatc anc 
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it is then found d:at the cotnnlexirr ot tl'.e enrifti'’". pcM-. 
seem beyond tl:e skill o: the operator to attempt ci.^e ^tr 
opening-, or if tlie surgeon is uncertain ot the succes' '->1 n 
then ligation ot the vein protvimal to tne i:^ 

(6) It an arteriovenous nsrala has existed for a relative.} 
and it it is necessar}- to obliterate the arten- in oro.cr c.-rc 
then ligation ot the vein is preferable in most instar.ces a"’ 
indicated if the artery is eitiier the popliteal cm the a:n; a 
arteriovenous fistula is of long duration, the cohaterrd artera'. 
is so abundant tliat even though it is necessarv- to oMn.enit 
artery in closing the fistula, ligation ot the vein is unnccessar 
contraindicated, (c) There is a certain amount ot justinca 
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view that ligature of the vein is alivays preferable in th.e 
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arteriovenous fistula because ot the danger ot pulmonarp' end 'o 
from thrombosis at the site of repair of the tistulous opcnmc m. the 
vein. I do not subscribe to this view. 

B. In progressive arterial degenerative dt?ease. associated win; 
arterial obstruction, ligature of the vein is at most a palliative inea'iire. 
the beneficial e-fiects of which only occasionally justify its employment. 

C. In instances of sudden arterial occlusion, therapeutic venous 
obstruction finds its most valuable applications. 

If from traumatism or in tlie course of any operation it becomes 
necessar}- to ligate a large artery, simultaneous ligation of tlte con- 
comitant vein should alwaj-s be considered. If the anery ligated is the 
popliteal or axillary, I believe that ligation of the like namecl vein is 
definitely indicated. In instances of ligature of the femoral or brachial 
arteries, I am inclined to believe that simultaneous ligation of the vein in 
reality makes little or no difference. If the common femoral artery is 
figated, I am inclined to believe that it is wiser to close the wound 
^'ithout ligating the vein, to watch the extremity carefullv for signs of 
impending gangrene, and to ligate the vein only after such signs are 
ewdent. From my own experience. I believe that ligation of the 

common iliac arteiy is not an indication for ligature of the common 
iliac vein. 


COXCLUSIOX 

Simultaneous ligation of the vein is not to be considered the prefer- 
able procedure in all arterial ligations. It is to be applied onlv in those 
instances in which without ligation of the vein gangrene would be 
expected. In these instances, the probable immediate beneficial effects 
in preventing gangrene must be balanced wfith the possible remote iU 
enects of chronic venous stasis. 
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derailed sludv of tire structure of bone exists in A.ncr.can Incraturc .1 
,vas tlroireht'ttat such an exposition nnglit prove hellUul to surgeons 
evlto are Lerested in bone as a tissue. Tire posstb.lnies ol 
the character of tire tvork done on bone evdl be enhanced by a l;no«U(l,,L 


of the nature of the tissue. .... 

Another reason why the study of bone is approached licsUnturgly is 
that its histologic preparation is believed to be diflkult. In aiunhcr 
paper/ I have given directions for the preparation of l)one for Inslologic 
study, and many of the methods could be applied to pathologic hone with 
great advantage. 

In this paper. I am emphasizing that phase of bone structure winch 
is least discussed. An effort is made to describe the general archi- 
tecture of bone, and its fibrillar constitution is particularly emphasized. 
Osteoblasts have been only casually referred to, for when bone i.'* 
already formed, they are structurally unimportant. The canal systems 
and their anastomoses have been discussed only in passing, and a 
description of the circulation has beerr omitted since it is unnecessary 
for an understanding of the structure of bone. The bone cells have 
been described in regard to their fonn but not in regard to function. 
Furthennore. these subjects are important enough to warrant special 
consideration. 


CO.-SiRSE-FIBERED OR PRIMARY BON'E 


Mammalian bone consists of collagen fibers and cells which are 
embedded in a cement substance containing calcium salts. There are 
essentially two types of bone, depending on the character and arrange- 
ment of the collagen fibers. In the bone which characterizes the skeleton 
of the human fetus and the new-born, tiie fibers are irregular and 
mainly coarse, and the cells are large, numerous and irregular. This 
type of bone practically disappears by the fourth year of life, and it 
IS replaced by typical adult bone, which has for its distinguishing char- 
acter fine fibers in lamellar arrangement. In ditterent species of lower 
mammals the time interval, during which the coarse-fibered bone is 
replaced by lamellar bone, varies. 


Pliylogenetically, coarse-fibered bone is the older and more primitive 
bone tissue. Some of the lowest vertebrates retain this type of bone for 
tieir adult skeleton, and it represents the greatest part of their peri- 
oAea 1\ fomied bone. Coarse-fibered bone is the t3-pe of bone generally 
.een m ossified fibrous tumors and in osteogenic sarcomas, and it is 

vll, \ *'« ''O® in the 

'w e h "■ is Wng formed, except in the 

■'ooonstrnction that goes on constantly in lamellar 


■'-r S.: O' fii-sed E„„e. 
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bone, it is first formed as fiber bone, which may later be replaced by 
lamellar bone. Coarse-fibered bone persists in adult man in those 
places m which tendons are attached to bone and, according to Meyer, 
in the bony capsule of the dab 3 'rinth of the ear. Sometimes small 
nests of fiber bone with thick Sharpey fibers may be seen in adult 
cortical bone. 

When bone is first formed in the fetus, either as membrane or 
endochondral bone, it consists of trabeculae containing coarse fibers 
and cells between which lies a loose, vascular, connective tissue in which 
the primitive marrow develops. The structure of coarse-fibered bone 
may be studied in older fetuses and in the new-born in which it is 
laid down beneath the periosteum or is deposited on the calcified 
cartilaginous trabeculae in endochondral ossification. If one examines 
a cross-section of the diaph 3 ^sis of a tubular bone or the mesodermal 
bone of the jaw of a 6 months fetus, it shows numerous haversian 
canals which are onl 3 ' rarely circular in cross-section, being generally 
somewhat elongated. Wide anastomoses are often seen between them. 
Irregular bony trabeculae lined by osteoblasts are present between the 
canals. The main direction of the haversian canals is longitudinal, as 
it is in adults (fig. 1.). Immediately about the haversian canals the 
bone is least dense, but the bone between two adjacent haversian canals 
is more dense. Here the fiber bone consists of closel 3 ^ meshed, inter- 
lacing and decussating fiber bundles in which numerous irregularly dis- 
posed bone cells are embedded. Most of the fibers are thick and 
coarse. The fiber bundles measure from 2 to 27 microns across, but 
average from 12 to 15 microns; The larger bundles consist of groups 
of smaller bundles. The bundles are separated from each other by a 
layer of cement substance, or by some disordered fibrils. The marked 
irregularit 3 ’^ of arrangement of these fibers is as much a characteristic 
of this bone as the thickness of the fibers. The mass of thick 
decussating fibers between two haversian canals was designated by 
Gegenbaur ^ as Wurzelstock (fig. 2). 

The coarser fibers of primary bone are better known as Shaipey 
fibers. While present in great numbers in the bone of the fetus and 
new-born, few are contained in adult bone. They were described by 
Sharpe 3 ^ in adult bone in the sixth edition of Ouain’s anatom}" and have 
also been studied extensivel}" by Mueller^ and KoelHker.* Develop- 
mentall}", their origin is different from that of the fine fibrils of lamellai 

2. Gegenbaur : Ueber die Bildung des Knochengcwebes, Mitt. Jen. Ztsebr. f. 
Med. u. Naturwiss. 1:341, 1S64; 3:206, 1867. 

3. Mueller: Ueber Sharpey’s durcliborcnde Fasern im Knochen. Wuerzburg 
naturwiss. Ztschr. 1:256, 1860. 

4. Koelliker; Handbuch dcr Gewebelehre, 1889, vol. 1. 



Fig. 1— Part of a cross-section through the diaphysis of a long bone of a 6 
months fetus, showing fibrous periosteum, osteoblastic periosteum, irregular 
trabeculae lined bj osteoblasts and large haversian spaces with primitire marrow, 

Xumerous anastomosing bone cells are embedded between the fiber 
bundles, either singly or in groups. These bone cells are larger than 
those oi adult bone. The lacunae, therefore, are larger and somewhat 
irregular. The processes ot the bone cells of coarse-fihered bone are 
'■lioncr. thicker and fewer than those of adult bone cells, and the 
canaliculi are correspondingly shorter and wider. If the lacunae of 

s \on Khucr: L'eber den feineren Bau der Knochensubstanr. Sitzun«sb d 
Mad d Wi^seu'^ch. 71-72:49. 1S75. 
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the bone cells are closely packed, they may fuse and produce large 
sj^aces into which parts of the fiber bundles or groups of disordered 
fibrils may enter. In recently formed fiber bone, the cells are more 
nuinei ous and newly formed trabeculae underneath the periosteum ma}' 
consist of so many cells that the bone has a fenestrated appearance. 
This is also true of the fiber bone removed from the neighborhood of 
healing fractures, examination of which will show trabeculae that con- 
sist preponderantly of irregularly dispersed bone cells, held in the 
meshes between matted fibers (fig. 3). 

A section through a long bone of an infant in the region of endo- 
chondral ossification shows the difference in structure between the 



Fig. 2.— The thick fibers of the Wurzelstock between the Jiaversian canals. 
Frozen section from skull of an infant, aged 12 weeks. Bielscbowsky silver stain. 

primary coarse-fibered bone deposited on the calcified cartilage coies 
and the primary coarse-fibered bone formed by the periosteum. Pi imaiy 
endochondral bone is similar in fibrillar structure to the periosteal pri- 
mary bone, except that, as has been observed by von Ebnei , the thick 
centrally placed mass which was described as IVurzelstock by Gegenbam 
is absent, its place being occupied by calcified cartilage cores. The 
line of junction between the cartilage core and bone is irregular and 
corresponds in many respects to the cement lines of adult bone. 
Otherwise, cement lines are practical!}' absent. 

In man the character of the fiber bone rapidly changes, and soon 
after birth a cross-section through the diapin’sis of some of the bones 
will show that the haversian canals have narrowed considcrnbl} in 


29 


j^IPPE-STRVCTURE of BOSE 


j/tri ^ - 

, , r_r the fibers to be di'^po-ed more 

diameter, that there is a the fiber, arc tbiimcr and 

regularly, particularly about ^ ce ls ot 

that the bone cells near b tl, rough the 

lamellar bone. A fei\ tliK canal. 

fibrils arranged around the wer the 'part that o-tcobla<=ts 

T„e problem te. - "™ „,icA .ta. coarsc-r.berc,, 

play in the formation of fiber b nie^cncbvmal or embr)-onal 

re:::fbr irj S cciu™ a=poshe., bouvec. .be 



Fig 3— Ne\vly formed trabeculae under the periosteum showing numerous 
irregularlj disposed bone cells. This should be compared with figure 5. 


fibers, and in the formation of which osteoblasts play no part. The% 
believe that in the formation of this bone the connective tissue cells 
become transformed into bone cells. There are others who believe that 
the primary bone develops everywhere from the mesenchjme through 
the medium of osteoblasts, and not indirectly, as already described 
above, from calcification and ossification of connective tissue. Lubosch ® 
vas in full agreement with the opinion of Schaffer ‘ that all bone arises 


6 Lubo'ch Die Osteoblasten und ihre ^letamorphose, Ztschr. f. mikr Anat. 
12:279, 1928 

7 Schaftcr: Die Verknoecherung des Unterkiefers und die 'Metaplasiefrage, 
. .\rch mikr. .\nat 32:266, 1888 
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liirough the participation of osteoblasts which are specific differentiated 
bone-fornnng ceils of tlic embryonal mesenchyme. I am in accord with 
tins view so far as it pertains to slccletal bone, and believe that all the 
embryonal primary bone is of osteoblastic origin. But how the osteo- 
blasts form bone, that is, what the relation between the osteoblasts, 
fibiils, cement substance and the deposition of calcium is, are involved 
questions, the answers to which are not necessary for an understanding 
of tile structure of fiber bone. 


KINE-KJimRED OR LAMELLAR BONE 

Lamellar bone replaces the original coarse-fibered bone, and by about 
the fourth year nearly the entire human skeleton consists of lamellar 
bone. Heuler,® in studying cross-sections of the shaft of the human 
femur and humerus, found that by the eleventh year the adult structure 
is rCcichcd 3.ud iV3.itiiiuncd with no change from then on. It has been 
mentioned that coarse-fibered bone is the more important in the skeleton 
of a vertebrate, the lower it stands in the animal scale and the smaller 
its body. Gebhardt expressed the belief that the degree of formation of 
lamellar bone is related directly to the size of the skeleton, but of this 
there is some doubt. 

Previous to birth the vascular spaces in the bone cortex are relatively 
large, and a coarse reticular structure is present. The size and shape of 
the vascular spaces at this time vary with the part of the shaft examined. 
The spaces are larger the nearer they are to the epiphyseal cartilage 
plate, and in the middle of the shaft of the diaphysis the spaces nearer 
the periosteum are larger. Tlie primary haversian canals of coarse- 
fibered bone are the first spaces formed when bone is produced by the 
periosteum. In the course of development, many of these primary 
canals under the periosteum become confluent because of resorption of 
their walls and become the longer and more irregular haversian spaces. 
Shortly before and after birth osteoblasts deposit lamellae of fine-fibered 
bone on the coarse-fibered walls of these spaces, forming haversian 
systems, A haversian sj^stein consists of a central canal with bone 
deposited concentrically about it. At the same time, new trabeculae of 
coarse-fibered bone are formed subperiosteally. A and B of figure 4 
are cross-sections through the middle of the shaft of an infant, aged 
12 weeks, showing subperiosteal fiber bone Avith Avide subperiosteal 
haversian spaces. Deeper in the cortex the canals have become tcditccd 
in size and some are surrounded by lamellar hone, though bctAAcen (be 
canals considerable coarse-fibered bone is still present. These fiist and 

8. Heulcr: Korrclation zwischen Alter um! Knoclicnstruclur, Ztsclir. f 
Zellf. u. mikr. Anat. 7:4J, 1928. 
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true ha\ersian lamellar systems are also of temporary nature, and arc 
resorbed and ser^'e for the formation of new haversian system''. 'I'lie 
process of formation and dissolution continues until the adult statre is 
reached, and even then a constant but slow reconstruction is continually 
taking place. 

Beneath the periosteum, lamellar bone is laid down, and the surface 
of the bone finally consists of a series of lamellae. But various authors 
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peiiosteiiin until the fourth year. Koelliker reported subperiosteal 
lamellai bone as eaily as the first year after birth. Recently, authors 
have desci ibed subperiosteal lamellar bone in the first months after 
birth. I saw no subperiosteal lamellae in cross-sections through the 
shafts of two long bones of an infant, aged 12 weeks, though lamellar 
bone was present deeper in the cortex. On the larger endochondrally 
formed trabeculae in the marrow cavity, some lamellar bone is seen after 
birth. 

General Structure of Lamellar Bone . — When an adult tubular bone 
is sawed open longitudinally, parts of it are seen to be dense and compact 
in texture and other parts, spongj^ Accordingly, two forms of adult 
osseous tissue are distinguishable, compact and spongy bone. On closer 
examination, however, especially with the aid pf a magnifying glass, it 
will be found that bone is everywhere more or less porous, and that 
the difference between compact and spongy bone depends in part on the 
different amounts of calcified tissue compared with the size and number 
of open spaces in each. The cavities are small in the compact parts of 
the bone, with much dense bone between them, while in the spongy 
textui'e the spaces are large, and the intervening bony partitions are 
thin and slender. When both compact and spong}' bone are present, as, 
for instance, in the upper end of a tubular bone, there is no abrupt limit 
between the two; they pass into one another by degrees; the haversian 
spaces of the compact bone widen out, and the reticulations of the 
cancellated bone become closer as they approach each other. 

In all bones, the outside is compact and forms a shell or crust of 
var3’’ing thickness, while the spongy bone is contained within. In a long 
bone the large round ends are made up of spongy tissue with only a 
thin coating of compacta ; in the hollow shaft, on the other hand, 
spongy bone is scanty or absent, and the walls are formed of compact 
bone, which increases in thickness toward the middle, at which point 
the girth of the bone is usually least. In flat bones, such as those of the 
skull, the compact tissue forms two plates or tables, enclosing between 
them the spongy texture, which in such bones is named diploe. The 
short round bones, as the bones of the wrist, are spongy throughout, 
except at their surface, where there is a thin crust of compact substance. 

In the irregular or mixed bone, as, for example, a vertebra, the two 
types of bone have the same general relation to each other, but the 
relative amount of each in different parts, varies. 

THE COMPACTA 

A cross-section of the cortex of a bone shows that there are se\cr<'il 
waj'S in which the lamellae are arranged in the compacta. Some arc 
deposited about blood vessels, as the haversian lamellae, to form the 
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^'ttaWng comparative studies, it becomes evident that the structure 
oi the compacta varies considerably. For instance, the structure ^^as 
found to be quite dift'erent in various segments ot the same circiunlc - 



Fig. 5. — A ground disk of the compacta of the diaphysis of a long bone, show- 
ing the outer ground lamellae, haversian systems and interstitial lamellae. 


ence of the diaphysis. It was also found that sections through the 
shaft of various bones of the same person show vart'ing degrees of 
development of the ground, interstitial and haversian lamellae. Exami- 
nation of sections of corresponding bones of the rat, guinea-pig and 
rabbit shows marhed variation in the degree of development of the 
different types of lamellar bone. For instance, a section of the tibia of 
die rat shows marked development of the outer ground lamellae, the 
haversian lamellae being few and the inner ground lamellae also being 
poorly developed. section through the same bone of a guinea-pig 
Allows better development of the inner ground lamellae, fewer outer 



34 


ARCHIVES OF SURGERY 


ground lamellae and better developed haversian lamellae. A section 
thiough the tibia of a rabbit shows still better development of the 
haversian lamellae at the expense of the ground lamellae. The dog 
shows haversian systems still more highly developed, but generally not 
as irregular as the haversian systems of the human cortex. 

The Canals . — A system of preformed canals in the cortex carries 
blood through the compacta. These canals are known as the haversian 
canals, Schwalbe’s canals, and the communicating canals, some of which 
are true Volkmann’s canals. The haversian canals are found in the 
compacta, surrounded by concentric lamellae and running longitudinally 
through the bone. The canals of Schwalbe are found running circum- 



Fig. 6. — Another portion of the ground disk, in figure 5, showing the inner 
ground lamellae below, haversian s 3 'stems and interstitial lamellae. 

ferentially between the ground lamellae or transversely through them. 
The communicating canals connect the haversian canals ; they run trans- 
versely or diagonall}'’ through the shaft and sometimes, when they are 
not preformed, are true Volkmann canals. 

Haversian Sysicms.^The haversian system constitutes the basic 
structural unit of lamellar bone, and a knowledge of its structure and 
formation is necessary for a clear understanding of the anatomy of 
adult bone. The formation of this type of bone is ascribed to ostco 
blasts by all workers who believe that the osteoblasts are bone formers. 
The osteoblasts deposit the haversian lamellae in layers on the co.irse 
fib'ered bone about the walls of the blood vessels in the primary marrow 
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spaces, thus forming the first haversian S3-stems. Tlie osteohiasts are 
carried into the fiber bone by the A-essels. I agree with those who 
believe in the specificit)* of the osteoblasts in the formation of lamellar 
bone. But how the various constituents of the lamellae arc formed 
opens up questions that I do not want to discuss here, for it involves 
complex and unsettled problems of bone formation. It seems to me 
that for the present, it is best to visualize the process of the replacement 
of coarse-fibered bone by lamellar bone as follows: The osteoblasts 
about the vessel deposit a layer of osseous material on the fiber bone. 
As a result, a cylinder is formed which is known as a haversian lamella. 
As the lamellar bone is deposited on the fiber bone, the latter gives way. 
The replacement does not occur through the medium of erosion or 
osteoclasts, but as a process of substitution, in which the fiber bone 
tacitly disappears. Certain of the chemical components of the fiber bone 
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^ I-Iow the first Janiella expands to accommodate the succeeding ones 
IS not made clear in tlie literature. It is evident that the lamellae are 
being formed rapidl}^ and that they are not rigid when formed, so that 
expansion by pressure of the newer lamellae is possible. Also, in the 
fonnation of the haversian systems, as the lamellae are laid down, the 
vessel space is encroached oji and the ongwal space is reduced in size, 
foi the haveisian canals of normal lamellar bone are generally much 
smallei than the vascular spaces of fiber bone. Thus the lamellar bone 
formed about the vessel probably grows centrifugally and centripetaIl 3 ^ 

Ihe lamellae about the haversian canals are disposed in a ringlike 
manner, but sometimes they do not extend entirely around the canal. 
This occurs where one canal is anastomosing with another. In the 
region of the anastomosis, the lamellae frequentl}^ surround the anasto- 
motic vessel. The size and shape of the haversian systems of human 
bone vary considerabl}’' on account of the reconstruction that is con- 
stantly taking place. In general it may be. said that the widest haversian 
canals are surrounded b}'^ the fewest lamellae, the medium-sized canals 
by the largest number of lamellae, while the smallest canals also possess 
thin walls, though they are thicker than the walls of the widest canals. 

According to Koelliker, the thickness of the individual lamellae of 
human bone varies from 4.5 to 11 mici'ons, the average thickness being 
from 6.7 to 9 microns. Von Ebner gave from 3 to 5 microns as the 
average thickness of the lamellae, but most were 3 microns thick. My 
own figures approach more nearly to those of Koelliker. The number 
of lamellae in each haversian system is, as a rule, from 8 to 15; some- 
times only 4 or 5 are present; sometimes from 18 to 22 are seen. The 
haversian systems constitute most of the thickness of the diaphj'sis in 
man and are separated from the periosteum by the outer ground 
lamellae. Sometimes, the haversian sj'stems even penetrate the outer 
ground lamellae, while the latter may sometimes enter between the more 
superficial haversian s 3 ^stems. When inner ground lamellae are present, 
they separate the haversian systems from the marrow cavity. 

Bone Cells. — The lamellae are traversed by the canaliculi and 
processes of the bone cells while the lacunae, containing the bone cells, 
are either in the lamellae near the borders or between two lamellae. 
Most of them are between the lamellae. The lacunae of adult bone are 
minute elliptic recesses in the bone and extending from them aie fine 
pores or tubes called canaliculi which issue from their cavities. These 
canaliculi are numerous, slender and relatively stiaight. rhe 3 come 
off from the surfaces of the lacunae, as the3'^ may be seen in JOt i 
longitudinal and cross-sections. The}^ are more numerous in cross 
sections. The lacunae present some differences in shape, but m a cross- 
section they appear irregularly fusiform, for the most part, anc le 
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nearly in the same direction as the lamellae between winch they are 
situated That is, the little cavities arc flattened and extend coniormahly 
with the lamellae. When the bone is cut longitudinally, sections ot the 
lacunae will still appear fusiform and lengthened out in the direction ol 
the lamellae. The canaliculi, on the other hand, pa.-^s acro.^s the lamellae 
and communicate with those of the neighboring lacunae so as to connect 
the lacunae with one another (fig. 8 A and B). Since the canaliculi ol 
the most centrally placed lacunae open into the havcrsian canals, a 
system of continuous passages is established by these tubules and their 
lacunae, along which fluid may be conducted from the havcrsian canal 



Fig. 8. — A, bone lacunae and canaliculi of human bone, showing anastomoses 
of canaliculi. A longitudinal ground disk mounted in balsam. B, lacunae and 
canaliculi of human bone in a ground disk impregnated with silver according to 
the method of Matscliinsky. 


through its surrounding lamellae. It seems probable that the chief pur- 
pose of these minute passages is to convey nutrient fluid from the 
vascular Haversian canals through the mass of hard bone that lies around 
and between them. In a like manner, the canaliculi open into the main 
marrow cavity and into the marrow spaces between the spong}^ 
trabeculae, for the spong)- bone also contains lacunae. Each lacuna 
>s occupied by a nucleated bone cell, the walls of which are applied 
0 the mside of the cavity, while branches or tubular protoplasmic 

larche' anastomose with intracanalicular 

ranches of simdar cells, which occupy neighboring lacunae. 
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On the surface of the haversian canals osteoblasts are seen varying 
in number in the different canals. In adult lamellar bone, just a few 
are seen. 


The Fibrillar Structure of the Haversian Lamellae . — Each lamella 
consists of innumerable fibrillae embedded in a cement substance, with 
calcium salts impregnated between the fibrils. Together these elements 
constitute the ground substance of the bone. If a cross-section of tbe 
cortex, in the form of a ground disk or a frozen section, is examined 
under the polarizing microscope, oil immersion being used, the lamellae 
present a stippled appearance, each point being 1 micron or less in 
diameter. The points are closely applied and represent cross-sections 
of individual bone fibrils. Unless the section is in focus, the stippled 
appearance is not seen. It may be brought out by pressing the slide 
vigorously against the stage of the microscope. A longitudinal section 
of the bone examined in the same way shows a serially striated appear- 
ance. In such a section, the striations also represent individual fibrils. 
Heating the section will bring out the fibrillar structure a little better. 
The decalcification of bone, hydrochloric acid being used, in no way 
injures the fibrils. 

That the fibrils of bone possess the qualities of fibrils of connective 
tissue may be seen by the treatment of sections with acetic acid, which 
causes the fibrils to swell and disappear. If they are countertreated with 
alkalis the fibrils will reappear, but with overtreatment with alkalis the 
fibrils will again disappear. Another fact in favor of the similarity of 
connective tissue and bone fibrils is that collagen can be extracted from 
both bone and connective tissue. 

It is generally believed that the inorganic salts of the ground sub- 
stance do not become chemically combined with the collagenous fibrils. 
While a cement substance is believed to be present between fibrils, the 
unequivocal demonstration of the nature of this material is difficult. 
Its existence is inferred from the fact that in disks and sections the 
fibrils are separated and seem to be embedded in a supporting material. 
Further evidence of the existence of cement substance is the obser- 
vation of von Ebner that incineration of bone leads to the destruction 
of the fibrils, but the supporting material remains, and in it air-filled 
spaces formerly occupied by the fibrils may be demonstrated. The 
cement substance is supposed to consist of an organic base containing 
calcium salts. It is apparently the homolog of the cement substance of 
connective tissue. Since von Ebner made the classic studies ° ^ 
fibrillar structure of lamellar bone, practically nothing new has been 
added. However, Henle, and Sharpey before him, had recognized t le 


fibrillar nature of bone. 

The uniformity of the arrangement and direction of fibrillar bundles 
and the delicacy of the fibrils are characteristic of lamellar bone. us 
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running parallel or interlacing. It is typical o( laittcllar limie tli.il i . 
fibril bttntlles are arranged coiiceiitrkally. In baversiai. systents, tin 
concentric arrangement is related to the liaversiaii canal. In grouiitl 
lamellae the concentric arrangement is related to the mam marrow caMl\ . 
and in spong\' bone the arrangement of the lamellae )s related gross \ 
to marrow caenties between the trabeculae (fig. 9 A and H). 

The arrangement of the fibrillae in each lamella ha.s been variously 
described. The question as to whether the fibrils and fibril himdle.s 
intertwine has been the main point on which there has been a flifTcrence 



Fig. 9. — A, ground disk of cross-section of human bone as seen under the 
polarizing microscope. B, higher magnification of A, showing details of fibrillar 
structure of three haversian systems and some interstitial lamellae. 


at opinion. Koellikcr believed that fibrils were straight, and were 
arranged in closely adjacent straight bundles which did not connect. 
According to him, these bundles are perforated by numerous canaliculi, 
but their fibrils do not intertwine. Opposed to this view are the obser- 
vations of von Ebner and Weidenreich.^^ Von Ebner described the 
nls as straight but intertwining, while Weidenreich said that the 
‘udividnal fibrils are trusted spirally and, in addition, intertwine 


11. ^fcidenreich: Knochenstudien I. Tell: Ueber dpn j t- 

Knocliengewebes, Ztschr. f.TgVs' 
, t.chr. f. Anat. u. Entwicklungsgesch. 69:382, 1923 
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According to the l.tler, each fibril boodle in lamellar bone contains only 
a tew nbnls. ^ 

r bundles of most lamellae, according to von Ebner and 

bebhardt, - run spirally, making turns around the haversiaii canal at 
angles of approximately 45 degrees, but the degree of the angle may 
vary from 1 to 90 degrees in the different lamellae of each system, and 
some of Oie lamellae may have their fibers parallel to the canal. ’ The 
general direction of the fibrils changes in each lamella of the haversian 
system, so that in one lamella the fibril bundles may run clockwise and 
in the next, counterclockwise, but in some haversian systems a few 
of the adjacent lamellae may show fibrils running in the same direction 



Fig. 10. — Diagrammatic representation of a haversian system, showing the 
haversian canal, the layers of lamellae with the fibrils running in alternating direc- 
tions, and the bone cells with their anastomosing canaliculi. After Brans. 

(fig. 10). It is believed by most observers that some of the fibrils of 
each lamella enter the adjacent lamella and in this wa}" bind the lamellae 
together. 

It must be remembered that the haversian lamellae, though disposed 
about central canals which run longitudinally, are frequently not com- 
pletely concentrically arranged about the canal, because the diameter 
and the direction of the lumen of the canal may vary. Some lamellae 
do not completel}'^ encircle the canal because the har'ersian systems are 
being altered b)^ reconstructional clianges going on in them, which leads 

12. Gebhardt: Ueber funktionell wichtige Anordnungswciscn dcr grocbcrcn 
und fcineren Bauelemcnte des Wirbeltierknochens, I & II, Arch. f. 'tiUvc'/igs 
mechn. d. Organ. 11 : 383 , 1901; 20:18/, 1905. 
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to irregular resorption within the canal and replaceuicnt of^ the old 
haversian system by newly deposited lamellae. ^ As a rc.'^ult ol resorp- 
tion, the reconstruction does not produce the identical pattern ol the 
bone but the result is a disordered reconstruction, with numerous 
irregular haversian systems and parts ot systems of all sizes known as 
breccie. In adult human bone, there are lew undisturbed haversian 
systems, especially as compared with animals. In the bones ot the lower 
jaw and those of the hand and skull, the regularly formed havcr.sinn 
systems are even fewer in number than in the other hones. 

The Ground Lamellae . — The compacta or corte.'c of the tubular 
bone of man consists, for the greatest part, of haversian .systems. On 
the outer and inner surfaces of the compacta. there is often but not 
always a system of lamellae running parallel to these surfaces but not 
related to central blood vessels. Tliese are the ground lamellae. Tlie 
outer ground lamellae are under the periosteum, by which they arc 
deposited on the haversian columns of tlie compacta. Since these are 
formed during the active growth of the bone, it sometimes happens 
that haversian systems formed later are enclosed in ground lamellae. 
Inner ground lamellae are present only in the diaphysis of long bones 
and run in the same general direction as do the outer ground lamellae. 
They are present in the diaphysis only when there is no spongy bone, 
that is, when the marrow is in contact with the compacta. Tliese 
lamellae are deposited from the endosteum. The thickness of the outer 
and inner ground lamellae varies considerably in different tubular bones 
and may measure anywhere from 45 to 900 microns. Where the super- 
ficial or outer ground lamellae are best developed, some may be present 
between the haversian systems and may be called interstitial ground 
lamellae. If such ground lamellae are present, they must not be con- 
fused with the interstitial lamellae resulting from the breaking up of 
haversian systems. The interstitial ground lamellae may be differ- 
entiated from the interstitial lamellae that result from the breaking up 
of haversian systems by the fact that the former contain a few Sharper- 
fibers, while the latter do not. 

The thickness of an individual ground lamella is about like that of 
an haversian lamella, and the number of ground lamellae varies between 
10 and 100. The fine fibrils of the ground lamellae run like those in 
the haversian lamellae, but the direction of the fibrils may change within 

the same lamella. The ground lamellae are perforated 'transversely bv 
bharpey fibers. ' 


The I, itcrstithl Lamellae. —The interstitial lamellae must not be 
omused with the haversian lamellae when old haversian systems break 
U w tomiatmn may he followed by studying cross-sections oTcom t 
Txistmg haversian systems are being constantly resorbed on 
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the hyiGv or vessel side and replaced b}' new haversian columns. The 
junction or line of demarcation of the resorption is represented in sec- 
tion by a shiny and irregular line. If the rate of new bone formation 
exceeds that of resorption, the old haversian system, that is, the system 
that is being replaced, splits tq), and the fragments of the splintered 
haversian .system fill the spaces between the haversian systems, pro- 
ducing the interstitial lamellae which are also called breccie. The 
haversian interstitial lamellae form an important supporting mass for 
the haversian columns of the compacta and nearly always run diagonally. 
These lamellae are of the same thickness as the haversian lamellae, and 
the fibrils retain the same appearance and course as existed in the 
haversian S3'stems from which they formed. In the cortex of adult 
bone, in addition to the interstitial lamellae, small nests of typical 
coarse-fibered bone with some bone cells have occasionally been 
described. 

The Cement Lines . — The haversian systems and fragments of 
haversian systems are separated from each other and from the ground 
lamellae by sharply defined lines. These were designated as cement 
lines by von Ebner, the term by which they are now known. These 
lines are generally quite irregular, though some may be straight. In 
general, the}'’ represent the site of I'esorption of lamellar bone, and on 
their surface, facing the haversian canal, new lamellar bone has been 
deposited. On an average, a cement line is thinner than a lamella, but 
it may be about as thick as a lamella. The cement lines are non- 
fibrillar (figs. 11 and 12). Von Ebner found that in the immediate 
vicinity of the cement lines new formed bone showed no lamellar struc- 
ture but was made up of fibrils and irregularly distributed cells. This 
is best seen in the buckled regions of the cement lines, for where the 
cement lines are straight the lamellae are preserved. Von Ebner noticed 
that some bone cells lie on the border of the cement lines, which seem 
to cut them and their processes. ITe noticed also that the canaliculi of 
the bone cells in the region of the cement lines do not traverse them but 
turn away. This was confirmed by Matscbinsky.^^ Schaffer expressed 
the belief that while most of the canaliculi and bone cells in the region 
of the cement lines do not traverse them, some actually do and these 
communicate with the cells of the adjacent haversian systems. Weiden- 
reich believed that anastomoses through the cement lines between the 
cells of different haversian systems exist, and are important in the 
transformation and growth of the formed bone. While preparations 
that my associates and I have made confirm the observations of \on 

13. Itfatschinsky ; Ucbcr das normalc Waclistum der Rochrenknociicii dcs 
Mc’n.sclicn .Arch. f. mikr. .Anat. 39;]S1. 1892. 
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Ebner, we found a few canaliculi which traversed the cement lines, as 
described by Schaffer. 

The cement lines divide the bone into inmiinerahlc irre.etular islands 
of tissue. The union of these pieces at the cement lines is not as 
firm as the union of two individual lamellae through the medium of the 
fibrils and is dependent mainly on the interlocking of the adjacent 
pieces. In a specimen of macerated hone that had been e.xposcd to the 
elements for a long time, we found that the lamellae held trigetlier very 
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ese . ,„a.„e.s. l,cy .re fornred by „ deposition of clcareons 
mateual in an interfibnJIar cement substance and are therefore analogous 
to cement lines in structure. These lines are formed because bone is 
deposited underneath the periosteum rhythmically, and between two 
such lines one can determine the amount of growth that has occurred 
cluiing a certain period. In the inner ground lamellae of a metacarpal 
bone, many such lines were found. 


Shai pcy Fibers. Sharpej'^ fibers were described under coarse- 
fibered or primary bone, and they were shown to constitute an impor- 
tant pait of this bone. They were described as being present in 
periosteall}'^ formed bone, and being derived from the periosteum. In 
fine-fibered or lamellar bone, the}' are few. Sharpey described them as 



Fig. 12. — Diagrammatic representation of a cross-section of the shaft of a 
phaJanx of a child, aged 6 years, showing the reconstructional changes going on, 
and the division of the cortex into innumerable pieces cemented together. After 
Burkhardt and Petersen. 

fibers or fiber bundles which perforate the lamellae, passing through 
them in a perpendicular or more or less oblique direction. These 
perforating fibers may be seen with the aid of the microscope in a 
thin transverse slice of a decalcified cylindric or cranial bone when the 
ground lamellae are pulled apart. In this way some lamellae will be 
observed with fibrous processes attached to them which vary in length 
and usually taper and are pointed at the free extremities but sometimes 
are abruptly truncated. These fibers have obviously been drawn out 
from the adjacent lamellae through several of wln’ch they must have 
penetrated. Sometimes, indeed, indications of perforation may be recog- 
nized in the part of the section of bone from which the fibers have 
been pulled out. The processes in question are viewed in profile but they 
may frequently be seen on the flat surface of detached lamellae, pro- 




45 


jaffe—structure of bore 


jecting like nails driven perpendicularly or slantingly through a hoard. 
Uile other lamellae preseirt obvious apertures of considerable size 
through which perforating fibers have passed. These fibers may also 
be demonstrated by staining methods. They may be <lcinonstratcd in 
animals like adult guinea-pigs, in which the ground lamellae arc wcl 
developed, by teasing apart the outer ground lamellae in a thick 1 r 07 .cn 


section. 

While some experimenters have been unable to find Sharpe} fiber.'- 
in adult human bone, and this is probably due to the fact that in .'■uch 
bone, ground lamellae may be few or absent. Koellikcr and W ciclenrcich 
claimed to have demonstrated them in small numbers in subjects up to 
60 years of age. In adult bone, W eidenreich and Koellikcr found them 
only in the outer ground lamellae which are derived from the periosteum, 
and they showed variation in quantity and thickness. According to 
von Ebner, they appear infrequently in the haversian systems of adult 
bone. Braus^^ described and illustrated them as occurring in all 
lamellae, but this is denied by almost all other workers. \V eidenreich 
believed that Sharpey fibers end abruptly at the cemet\t lines. 1 hey 
are estimated as 3 mm. in length in adult human bone. They are 
believed to prevent the displacement of the ground lamellae, .^s they 
pass through the lamellae they sometimes branch, and these branches 
are directed toward the surface of the bone. They may be quite thick, 
and nests of these fibers may sometimes occupy a large area in the 
ground lamellae, and they may have a few bone cells embedded in 
them. They may then simulate an ossified tendon insertion. 

Elastic Fibers . — Von Ebner and Koellikcr believed that elastic fibers 
are found, though seldom, in outer ground lamellae, and according 
to them some Sharpey fibers are elastic fibers. Von Ebner also described 
elastic fibers in the innermost lamellae of the haversian system and 
believed that these fibers were found only in adults. Weidenreich 
found many elastic fibers in the outer zone of the periosteum, a few 
in coarse-fibered bone, but none in lamellar bone. On the other hand, 
Vaier and Tafani believed all Sharpey fibers to be elastic fibers. 
However, the consensus of opinion is that there are few elastic fibers 
in bone. W hile some elastic fibers mingle with the Sharpey fibers, 

others are independent of these fibers, and may accompany the vessels 
ot the cortex. 


ringfr'T^l, ^I«ischen, 1 Bewegungsapparat, Berlin, Julius 
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the spongiosa 

Ongni. --Spongy horn makes up most of the mass of the smaller 

WbTm dTl carpus, the bodies of the vertebrae and 

. . and the upper and lower ends of tubular bones. While considerable 
bte ature exists under the title of spongy bone, most of this literature 
coals with the question of the influence of the mechanical factors of 
stress and strain on the architecture of spongy bone, rather than with 
tile question of origin, reconstruction and relation of this bone to the 
compacta. Furthermore, there has crept into the literature the erroneous 
statement that all spongy bone is formed from the inner surface of the 
cortex by a peeling off jirocess, in the course of whicJi cortical liaversian 



Fig. 13. — Diagrammatic representation of a longitudinal view of a bone, show- 
ing both compacta and spongiosa. The cortex on the right shows the outer 
ground lamellae, with some Sharpey fibers penetrating them. The haversian sys- 
tems are illustrated, and the longitudinally directed haversian canals are shown. 
The spongy trabeculae and lamellae are illustrated in the left half of the picture. 
After Braus. 


systems have been widened through resorption by osteoclasts from 
within the haversian canals. This conception has arisen as a result of the 
observation, particularly in the upper end of the femur, that some 
spongy trabeculae are attached at their base to the inside of the com- 
pacta. That some spongj^ trabeculae arise in this way, particularly in 
the diaphysis, there is no doubt, but in general this conception is wrong. 

Structure . — On close inspection, adult spongy bone is found to be 
composed of slender bars or spicules or thin lamellae of bone which 
meet and join in a reticular manner, producing an open structure which 
has been compared to lattice work (figs. 13 and 14). In this wa\' con- 
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siderable strength is attained without undue weight, and it may usually 
be obsen-ed that the strongest laminae run through the structure in those 
directions in which the hone natural!}- has to sustain the greatest 
pressure. The open spaces or alveoli of the bony network communicate 
freely. In the fresh state, they contain marrow and blood vessels aiul 
give support to these structures. 

Due to the variety of the forms of the components of s])ongy hone, 
they have been designated by many names. Rou.\ ’’ divided the com- 
ponents of spongy bone as follows: (1) tubes (tuhuli). (2) hemi- 
spherical spaces (pilae). (3) plates (lamellae) and (4) beams (trabec- 
ulae). The tubuli ossei are the long spaces in spongy hone enclosed 
by the thicker trabeculae, and the pilae ossei are curved" si^aces in spongy 
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appears as a strainer. Sometimes larger holes are present, and the 
lace of the lamella appears latticelike. 

When the end of the diaph3'sis of a long bone is examined, it is seen 
that the cortex becomes thinner from the point where spongy bone 
appears m considerable amounts. This thinning of the cortex does 
not necessaiil}^ occur uniforml}' throughout the same horizontal plane 
of the bone. As was pointed out, the belief is that the cortex thins out 
because it gives lise to the spongy lamellae, but it must again be empha- 
sized that all the spongy lamellae certainly do not arise from the cortex 
and that in the epiph3'seal ends of the bone the cortex is always thin 
or inconsequential and the spongy bone is considerable. The appearance 



Fig. 15. — Details of structure of a lamella of spongy bone in a ground disk 
examined with polarized light. 

of laminae of bone arising from the cortex is due rather to the spongy 
lamellae and trabeculae fusing with the cortex. 

The spongy trabeculae and lamellae differ from the haversian sys- 
tems in that only the larger trabeculae contain blood vessels, and com- 
pared with the cortex the vessels are few. When trabeculae contain 
blood vessels, they are surrounded by concentric lamellae. The inner 
part of a spong3’- trabecula is composed of small pieces, the breccie, on 
which la3^ers of lamellar bone are deposited. These breccie consist 
of small, angular pieces of lamellar bone and are similar to the interstitial 
lamellae. The lamellae, of which the breccie are comprised, frequently 
run diagonally to the lamellae on the surface of the trabeculae, and in 
one trabecula several breccie ma}”^ be seen, each directed at a different 
angle. The outer surface of the trabeculae is composed of lamellae 
which are laid down somewhat concentrically around the marrow spaces. 
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A fe. osteoblasts line the trabeculae of adult bone, '^.e trabecul^ 
contain bone cells ^vhicb anastomose with each other._ Ihc fihrt a 
structure of the trabeculae is no different from that in the lamellar 
systems. However, the details of the fibrillar arrangement m siionp- 
bone seem not to have been widely investigated. The active ccllu ar 
bone marrow is supported in the meshes between the spongy bone: ami 
in the diaphysis of long bones of adults, in which the s_pong>' trabeculae 
are few or entirely absent, the marrow is fatty (fig. 15). 


THE RELATION OF FUNCTION TO THE STRUCTURE OF RONE, 

wolff’s law 

When the spong)' lamellae and trabeculae in the neck of the femur 
are examined, thev are seen to course in architorm citcct from one 
inner wall of the bone to the opposite wall. Ihey cross each other 
at nearly right angles, and their points of intersection lie nearer that 
cortex from which the lamellae seem to be separating at the more acute 
angle. The spongy^ lamellae and trabeculae as they seem to come oft 
from the cortex make more acute angles the further up they are in 
the shaft. However, in other bones, like the vertebrae, while the spongy 
lamellae and trabeculae cross each other to form spaces, there is no 
particular arrangement of the spongy bone such as occurs in the upper 
end of the femur. 

On the basis of the appearance of the spongy bone in the upper end 
of the femur, there has been developed the theory of the transformation 
of bone due to mechanical influences exerted on it. The inner architec- 
ture of the spongy bone in this region, that is. the direction and contour 
of its trabeculae, is supposed to be conditioned by external stresses and 
strains exerted on the bone. In spite of the large literature and the 
immense amount of work that has been done on this subject, there is 
still much difference of opinion as to the proper interpretation of the 
inner structure of the femur. 


The Origin of the Conception of Wolff’s Lazo . — Those who main- 
tain the view that bone is transformed by mechanical influences exerted 
on it base their beliefs on the observations that the mechanical structure 
of the normal femur conforms closely to the mathematical proportions 
of a structure of similar shape and physical properties, the Fairbaim 
crane, which is designed to resist the action of loads similar in amount 
and manner of application to those sustained by the human femur This 
led to the conclusion that the details of the inner structure of the femur 
are based on exact mathematical laws, and further, that the form of 
lone IS adapted to its functions. 

external form and inner architecture of a 
‘ one represent the adaptation to normal’ function then alter 
.n ,„ec,.a„ical demands n„de on bones ttenwt 
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followed by corresponding; changes in both the internal and the external 
structure. Such changes should produce a deformity, a marked change 
in contour, or a displacement from the natural normal position. Such 
changes of contour or displacement from the normal position are 
regarded as a physiologic adaptation of the structure to pathologic 
mechanical conditions, and therefore to pathologic function. The 
doctiine of the functional form of bone, with its corollary of the func- 
tional pathogenesis of deformity, has been ably set forth by Julius 
Wolff, but before him the problem of the mechanics of the inner struc- 
ture of bone was much discussed. The history of the subject is well 
reviewed in the monographs of Wolff and Albert^*’ and in the more 
recent American paper by Koch.^"® The foundation on which this 
doctrine rests is the correspondence between the inner structure of the 
upper end of the femur and the lines of stress in the Fairbairn crane. 
The anal)'sis of the crane was made by the mathematician, Culmann, 
who observed that the cancelli of many bones were arranged in forms 
similar to those which he had computed as the lines of maximum internal 
stress in a Fairbairn crane having a form which was assumed to 
approximate that of the upper fourth of the femur. The conclusion was 
that the cancelli He along the paths of maximum internal stress and 
thus transmit a maximum load in the bone with a minimum of material. 
This observation of Culmann is the mathematical basis of the modern 
theory of the functional form of bone, and this theory has been criti- 
cized on purely, mathematical grounds. 

The Law. — In 1892, Wolff developed his theory of the relation 
of the internal structure of bone to function and dealt with the 
transformation of bone in normal and pathologic cases and dis- 
cussed in considerable detail the structural changes in bone due to 
changed mechanical conditions. This work is abundantly illustrated 
with examples of many rare deformities, taken from collections in the 
principal museums of Germany. Culmann’s mathematical analysis of 
the lines of stress in the Fairbairn crane and the somewhat analogous 
direction of the trabeculae in the upper femur are cited by Wolff as 
mathematical proofs that the architecture of the spongy bone of the 
neck of the femur follows exact mathematical laws, and that the 
and inner structure of bone are determined by the mechanical conditions 

present. 

Recently, Koch published an exhaustive study on the laws of bone 
architecture. His paper was directed toward bringing definite 
matical proof of the law. He arrived at the same conclusions as olft 


18. Wolff: Das Gesetz der Transformation der Knochen, 1892. p , 

19. Albert: Einfuehrung in das Studium der Architektur de 

knochen, Wien., 1900. oi.i 77 1017 

20. Koch: Laws of Bone Architecture, Am. J. Anat. Zl: , 
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did, that the normal external fomr and internal arclntecturc oi the 
human femur result from an adaptation of form to the norma mechan- 
ical demands on, or normal function of, this bone. He stated that the 
proportions of the femur are everywhere such as to show a dehmte 
mathematical relationship between the body weight and the interna 
structure of the bone; there is a definite relation between the structure 
and the stress at every point. According to him, spong>- bone is 
homogeneous with compact bone as a structural material and differs 
from it mechanically only in possessing less strength, which is approxi- 
mately in proportion to its densitt' as compared with compact bone. 

The general law of bone, the adaptation of form to function, holds 
true mathematically and mechanically in the normal human femur, and 
therefore, Koch concluded, for all other normal human bones. Accord- 
ing to him a foundation is laid for the study and mechanical analysis 
of the spongi' bone entering into the structure of other parts of the 


skeleton, by the application of the principle that spongv* bone and com- 
pact bone are homogeneous materials and differ chiefly in strength, 
approximately in proportion to their densities. The thickness and 
closeness of spacing of trabeculae in bone van’ directly with the 
intensity of the stresses transmitted by them. 

This theoiy' of the functional forms of bone with that of the func- 
tional pathogenesis of deformity has been accepted by many surgeons 
and orthopedists as a working basis in the treatment of deformities, but 
it has been the subject of so much controversy that much contusion 
has arisen as to the value of the theorr- in everj’day practice. 

Objediaiis to the Laxo. — Wolff's doctrines of the functional form of 
bone and the functional pathogenesis of deformity have been vigorously 
assailed on various grounds by many investigators. Even those who 
have partly accepted the Wolff-Roux conceptions still feel that in 
addition to mechanical factors which influence the form and structure of 
bone, phylogenetic and developmental factors are at work. Even Geb- 
hardt, who was a pupil of Roux, admitted that there are other than 
mechanical factors influencing the structure of bone. Von Reckling- 
hausen, although in the main agreeing with the mechanical view, 
expressed himself as believing that the mechanical views are not suf- 
ficient to explain the internal architecture of bone entirely. Fried- 
laender kid most stress on the direction of the vessels in determinin'^ 
the internal architecture of bone. He also stated that much more 
significance must be attached to the factors of development. Triepel 
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would also minimize the importance of the mechanical factors. Peter- 
sen-* objected to the theory of Wolff and Roux on the grounds that 
the calculated direction of the main tension lines of the neck of the 
femur is not applicable to the bone, since these calculations, obtained 
from the Fairbairn crane, appl}'^ to homogeneous substances with the 
same elastic properties throughout. But bone is not homogeneous. It 
is made up of innumerable small pieces which are cemented together 
and which vary in size and number depending on the internal reconstruc- 
tion which is always going on. According to Petersen, the determining 
factor in the structure of bone is functional activity which stimulates 
bone reconstruction through its effect on the cells, but function does 
not directly produce the internal structure by exerting a direct mechan- 
ical effect on the bone and thus causing the trabeculae and laminae to 
arrange themselves along certain lines of tension. 

Most surgeons have more or less accepted the dicta of Wolff, but 
most anatomists and embr)'’ologists, while agreeing that mechanical fac- 
tors may influence the inner structure of bone, are of the belief that 
the phylogenetic and hereditar)^ factors are important, if not most impor- 
tant. It seems to me that this is the most logical point of view. Even 
if the trabeculae of the head of the femur were arranged in a way to 
conform with the mathematical principles as applied in the Fairbairn 
crane, nevertheless this fact could not be explained solely on mechan- 
ical grounds because the developmental influence could not be dis- 
regarded. In favor of this view is the fact that the trabeculae of all 
femurs are arranged in practically the same way, irrespective of 
mechanical influences exerted on them. Also every tissue constructs 
itself according to a certain pattern, and even in regeneration the 
original pattern is reconstructed. This is seen in the regeneration of a 
transplant, as of the thymus, which when placed in the abdominal wall 
reproduces thymic lobules with cortex and medulla. All tissues have an 
innate architectural pattern which they produce but which may be influ 
enced by factors like nutrition, function and environment. An so 
must agree with those who believe that the mechanical factors, thoUj, i 
important, are only secondary in influencing the internal architecture 

of bone. 

24. Petersen: Ueber Mefhoden zum Stadium des Knocbens, Ztschr. f. wis- 
sensch. Mike. 43:355, 1926. 



SURGERY OF THE ESOPHAGUS* 
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Surgical procedures have been employed ior the veliei of several 
pathologic conditions in the esophagus, the most common being the 
impaction of foreigit bodies, cardiospasm, benign cicatricial .stricture, 
carcinoma and diverticula. Impacted foreign bodies arc now much Ic.-.s 
commonly dealt with by surgical means because of the easier and less 
dangerous method, in the hands of experts, of extraction through the 
esophagoscope, while surgical procedures have been almost clitninaled 
from the treatment for cardiospasm. In this article the last three 
conditions, essentially, are considered. 

Until within the past fifty years the esophagus received scant atten- 
tion from the surgeon in spite of the well recognized pathologic condi- 
tions for which, theoretically, surgical procedures might well have been 
indicated. This is all the more striking tvhen one remembers that the 
ancient Hindoos operated on the bladder for stone, and that Herophilus 
of the Alexandrian School used the knife boldly on such internal 
organs as the liver and spleen. For many years the only operative 
procedure attempted on the esophagus was esophagotomy of its cervical 
part. This was followed by the more complicated and drastic plastic 
operations and resections. The latter have so far been attended by 
a depressing mortality, so that some of the most stout-hearted surgeons 
often prefer to leave the anatomic relations of the viscus undisturbed 
rather than bring about almost certain death by surgical intervention. 
It is well known that when Billroth began to popularize his gastric 
operations he did so at the cost of many lives; yet nothing is more 
gratif3'ing than the results of surgical methods in this sphere today. 
Moynihan ^ and Balfour - recently each reported a large series of 


* Submitted for publication, Nov. 12, 1928. 

* -\n abridgment of the thesis awarded the Heath Scholarship of the Univer- 
My of Durham, 1928. The experimental work was done at the Division of 
Experimental Surgeiv- and Pathology, The Mayo Foundation, under the direction 
01 Dr. F. C. J.tann. It is realized that this article falls far short of being a com- 
prehensive survey of the subject, and for more complete works the reader is 

thoracic surgerj- as those of Ferdinand Sauerbruch 
lUie Chirurgic der Brustorgane. Berlin. Julius Springer, 1925, vol. 2) and Howard 
Lt tcnthal (Thoracic Surgerj-, Philadelphia, IV. B. Saunders Companv 19^5 
_ t), or to the recent monograph of Victor von Hacker and G. Lotheisseii 
(Uiirurgic der Spciserohre, Neue Deutsche Chir. 35:569, 1926). 
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oj)ora(ions on Ihe^ stoinacli wiUi a mortality ranging from 1 to 2 per 
cent. J luis, by dint of perseverance and improvement in technic from 
lime to time, tliat which was once a great risk lias been converted into 
a safe every-day occurrence. Tliis is not so in regard to csopiiageal 
surgeiy. 'J'he results of oi)erative work in this sphere liave )>ecn dis- 
appointing^on (he whole, in .spite of modern advances in a.sepsis and 
technic, issojihagotomy can be performed fairly safely and diverticula 
can be removed without much risk, but carcinoma still claims its 
victims, operation in most ca.se.s serving only to hasten death. Still, 
.some of those skilled in thoracic surgery, such as Torek, Meyer, Eggers 
and Lilicntlial, have hopes that the time is not far distant when the 
surgeon will be able to wage war successfully against it. Jii bis 
Hunterian Lecture, Abel took the same optimistic view. 

1 wo facts stand out ])romincntly in a consideration of surgery of 
the esophagus; (1) its comparatively recent history and (2) its slow 
and unsatisfactory progress. The undoubted cause of the first fact 
seems to be the relative inaccessibility of the csoj)hagus, the viscus 
being deeply seated throughout its entire course. At first it took courage 
to make the deep dissection of the neck necessary for its exposure and 
surgical treatment. When this had been achieved it was probably 
thought imjiossible to expose the thoracic portion because of its intimate 
relations with such viscera as the pleura, lungs and aorta, injury to any 
of which must always be regarded with grave concern. Jmr some time 
attempts were not made to lay bare the esophagus in its thoracic bed. 
'j'hen came the development of the technic of posterior mediaslinolomy 
whereby the esophagus could be reached without entrance to the pleural 
cavity. Later still, the invention of the dififercntial-prcssure chamber, 
by overcoming the well recognized occurrence of fatal jiostopcrativc 
pneumothorax, opened the road to the eso])hagus through the pleural 
cavity. 'J'oday it may be said that the surgeon's initial difficulty with 
regard to the esophagus, namely, that of overcoming its inaccessil)ility, 
has been solved. At least thus far has surgery of the esophagus 
])rogresscd. 

Although, as I have mentioned, the less severe operations of 
esophagotomy and e.xtirpation of diverticula can usually be successfully 
performed, one seeks for explanations of why the moie c,Ktcn.si\e 
operations, with a few exceptions, have been failures. Here one must 
remember that the final aim of the surgeon is to overcome carcinonia. 
Resection is therefore essential, and it is in the treatment of t le 
esophagus after resection has been carrie<l out that most of the difti- 
culties which arc at present preventing tlic progress of surgery m tins 
sphere have arisen and still remain. 

.3. Abel, A. L.: The Trcatiuciit of Cancer of the Ocsoptiaaii.s, lint. .T. 

14:1.31, 1926. 
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Theoreltally, the operation of resection tvlth ond-to-en<l anastomo* 
is feasiS hon-ever, sLeral factors CMSt to add to ,1s nsk and d.ffi- 
cull. At the present time, carcinoma of the esophagus ,s not diagnosed 
early enough. In most cases it tvoiiW seem that tins is due to t le 
deiay on the part of the patient in consulting a surgeon, hut some 
patients uath a very short history on examination are touud to be 
suffering from e.xtensive carcinoma. In either case, by the tunc the 
diagnosis is made the groivth has invaded the esophageal iy,all to such 
an extent that the amount of the viscus to be removed in order to 
extirpate the carcinoma widely enough is much greater than that wiiicii 
would allow the cut ends to be brought together and sutured. 

Assuming that a carcinoma is of such dimensions that when extir- 
pated the cut ends of the esophagus can be brought together without 
undue tension, what other difficulties are there to o\ ercome . i he 
esophagrrs differs from the bowel in that it does not possess a .ccroiis 
covering. The significance of this is apparent. When the bowel i.< 
sutured, the peritoneum, in response to the traumatic irritation imposed 
on it, throws out lymph which coagulates, thereby sealing the line of 
suture. The surgeon does not get natural help of this sort from the 
esophagus, and consequently the safety of the suture of this viscus 
is greatly impaired. It is the general opinion that apart from the 
absence of help from serosa, the wall of the esophagus tonus poor 
material for suture, both submucous and muscular coats being easily 
cut through. In this connection, ililler and Andnis found tltnt it the 
lower third of a freshly removed human esophagus is divided and 
then joined by two layers of fine silk sutures grasping the submucosa, 
the artificial juncture withstands the pressure of a column of water 
6 feet (182.9 cm.) high udthout the escape of either gas or fluid. 
From this investigation it is clear that the esophageal wall has the 
required strength, but the important point to be remembered is that 
in the living body its strength is dependent entirely on a sufficient 
blood supply. 

Unfortunately, the esophagus is poorly supplied with blood although 
this is derived from several arteries, the aorta, inferior thyroids, sub- 
clavians, left Inferior phrenic and left gastric. The great danger in 
end-to-end anastomosis of the esophagus is constriction of the blood 
vessels by the sutures, which is only too often the cause of necrosis 
with perforation of^ its wall and consequent leakage of its contents 
resulting in fatal infection of the mediastinum or cellular planes of the 

rt J •? ■*= b'd previous to resection, 

'1ST ? "I “““d '-crsels, trill have alreadv 

rS L rontelimes to such 

ee that necrosis and gangrene ensue apart from anv further 
diniimuion by constriction with sutures. 
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1 he outer coat of the esophagus consists of connective tissue con- 
tinuous with that of the structures surrounding it. Carcinoma will 
usually be found to have invaded this and to have fixed the viscus. 
The loosening of the growth involves an opening of the cellular planes 
of the neck or the connective tissues of the mediastinum, and a grave 
risk is thereby incurred, because of the danger of ensuing cellulitis or 
mediastinitis which may take place in spite of the most careful aseptic 
precautions. This risk is aiwa3's present, even when the esophagus is 
only loosened in its bed ; however, if the lumen is opened, the risk 
inci eases considerably because of the highlj'’ infective nature of the 
esophageal secretion. 

Coincident with the danger of mediastinitis is that of infection of 
the pleura, and the remarks concerning the former apply with equal 
force to the latter. 

If the carcinoma extends through the esophageal wall the vagi are 
alwa)^s involved and usually cannot be separated; they must be cut if 
resection is to be carried out. Although severance of these nerves 
does not always produce any apparent detrimental results, it is possible, 
and even probable, as Meyer pointed out, that interference with them 
plays a great part in bringing about the state of shock which has so 
many times proved fatal. 

Lastly, the presence of the diaphragm has added considerably to the 
technical difficulties of operations on the lower end of the esophagus 
from the standpoint of resection of this part of the viscus and its 
substitution by stomach or intestine. 

The chief reasons for the late inception of surgery of the esophagus, 
its relatively slow progress and its lack of attendant success can be 
summarized as follows : 

1. The inaccessibility of the viscus; this applies particularly to the thoracic por- 
tion where its surgical approach is intimately bound up with previously developed 
operative procedures on the pleural cavity. 

2. The absence of a serous coat in its cervical and thoracic parts. 

3. A poor blood supply, interference with which often results in necrosis with 
tearing of sutures and extravasation of infective mucous secretion. 

4. The danger of postoperative infection, cervical cellulitis, mediastinitis, 
pleurisy and empyema. 

5. The probable danger of great shock resulting from interference with 
the vagi. 

6. The presence of the diaphragm. 

DEVmLOPJtENT OF ESOPHAGEAL SURGERY 

The literature on surgery of the esophagus shows the great ingenuity 
that has been displayed b)^ surgeons in their attempt to effect cures o 
the various pathologic conditions. 
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The earliest operations were essentially those of cervical csopha- 
.otomy, the simplest operation possible on the esophagus pcrlonncd 
hi its most accessible part for the extraction of foreign bodies. Ihiis, 
the first surgical measures were in the nature of emergency operations. 
GoursauW," in 1738, appears to have been the first surgeon to perform 
this operation. It was not found mentioned again until nearly a cen- 
tury- attenvard when Rolland,=^ in 1819. performed it successfully. In 
1833, Arnott,® of the ^Middlesex Hospital, was the first Englishman to 
perform esophagotomy. The patient died fifty-six hours after the 
operation. Amott remarked that he could not find any record of the 
operation having been done in England up to the time of his own 
attempt. In 1858, Cock • said : “I can find but very few cases recorded 
in which the phar>-nx and esophagus have been opened for the purpose 
of extracting a foreign body.” He himself successfully performed 
esophagotomy on a man who had swallowed a tooth plate. 

In 1868, Cheever ® reported two successful cases and reviewed the 
literature on esophagotomy up to that time. He reviewed twenty-three 
other cases; however, the issue had not been successful in all. His list 
of surgeons contained the well known names of Syme and Nelaton, 
the latter being of the opinion that the operation was one of the gravest 
and most difficult in surgeri-. 

The usual method employed for exposing the cervical esophagus 
and remoHng a foreign body was as follows; A left lateral incision 
was made along the inner border of the sternomastoid muscle from 
the level of the upper margin of the thyroid cartilage downward for 
about 10 cm., with incision through skin, platysma and deep fascia. 
If the anterior jugular vein was encountered, it was cut between 
ligatures. The omohyoid muscle was then either cut or retracted and 
the hyoid depressor muscles retracted medially while the sternomastoid 
was drawn laterally. The esophagus was found between the thyroid 
gland medially and the carotid sheath laterally and was incised longi- 
tudinally over the foreign body as far posteriorly as possible so as to 
lessen the risk of injuty- to the recurrent laryngeal nerr^e. The foreign 
body was then extracted and the esophageal wound closed with inter- 
rupted sutures or left open, the former practice being the more usual. 


4. Goursauld, quoted by Cheever; Two Cases of Esophagotomy for the 
Rmwat of Foreign Bodies, ed. 2. Boston. 7. Campbell. 1868. 

Cheever: Two Cases of Esophagotomy for llte 
Remmal of Foreign Bodies, ed. 2. Boston. J. Campbell, 1868 

1S33 Oesophagotomy. Tr. ’^ed. Chw., London 18:86, 

Body. Sfs^emaJcs^'Sy^ Ho^C 
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_ There are a few points with regard to this operation wJnch appeared 
m the Jiteratiire at that tune and which are worthy of note. There was 
a controversy as to the relative merits of a median and a lateral 
incision. Ihe advocates of the former, among whom was Nelaton, 
preferred the median line with splitting of the thyroid cartilage so as 
to avoid injury to the recurrent laryngeal nerves. Those wlio recom- 
mended the lateral incision declared that with care these nerves could 
be avoided easil}' and that the exposure they obtained was superior 
to that obtained by their opponents. Whether or not a swelling 
appeared in the side of the neck after the impaction of a foreign body 
m the esophagus was given considerable attention. Several surgeons 
went so far as to say that the absence of swelling was a contraindi- 
cation to operation. Again the advisability of ensuring drainage in 
case of leakage of secretion through the wound in the esophageal wall 
was well recognized. 

At this time an attempt had not been made to expose the thoracic 
portion of the esophagus, and the only hope of extracting a foreign 
body impacted in that portion lay in being able to reach it from above 
through cervical esophagotomy or from below through gastrotomy. 
In 1886, because of this Richardson " made some obseiwations on the 
accessibility of foreign bodies fixed in this part of the esophagus. In 
experiments on cadavers he found that a finger introduced into the 
esophagus through a low incision in the neck could easily be brought 
into contact with a finger inserted upward through the stomach. As 
a result, he asserted that there was not a part of the esophagus which 
might not be reached with the finger either by gastrotomy below or by 
esophagotomy above. He also showed the easy distensibility of the 
cardia which allowed the introduction of two fingers up througli it 
simultaneously, a distinct advantage to the operator attempting to free 
an impacted foreign body. These observations were of considerable 
practical value at that time. Since then the advent of the esophagoscope 
has dispensed almost entirely with the necessity of the extraction of 
impacted foreign bodies by the external route, because the danger 
entailed by the latter procedure is usually regarded as greater than that 
by the former. 

As time went on it was only natural that surgeons should begin to 
devise ways and means of laying bare the thoracic part of the esopha- 
gus. It was natural, too, that an extrapleural route should be chosen 
because of the well recognized danger of pneumothora.x resulting from 
opening of the pleural cavity. 


■ 9. Richardson, M. H.: A Case of Gastrostomy, D.fufal Exploration of the 
Esophagus and Removal of Plate of Teeth: Recovery, Boston M. & S. J. I1&.- > , 
1886; The Possibility of Operations on the Esopliagiis Through the Stomach as 
Shown by Dissections, Lancet 2:707, 1887. 
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In 1888, Nasiloff^® working on the cadaver, resected from three to 
six ribs posteriorly, and through a vertical incision dose to the vertel,ra 
column pushed forward the pleura, stripped it off the csophagu> and 
thus exposed this structure extrapleurally. This is the first record in the 
literature of posterior mediastinotoniy : the operation was a distinct 
advance not only in surgery of the esophagus but in thoracic surgeri . 

Ouenu and Hartmann,*^ in 1891, and Potarca,’' in 1894, demon- 
strated subperiosteal resection of portions of the second to the sixth ribs 
on the cadaver, entering the posterior mediastinum and exposing the 
esophagus. They hoped that by this method of approach the resection 
of carcinoma of the esophagus would he feasible. 

In 1895, Brj-ant^^ devised another method of approach to the 
mediastinal portion of the esophagus. Instead of a straight vertical 
incision like that of Nasiloff,'"'' Ouenu and Hartmann,'’^ and Potarca,'” 
he made a quadrilateral flap with its base at the spinal column. The 
flap included all tissues down to the ribs and when it was raised from 
the underlying structures it was reflected medially. Three ribs were 
exposed and the middle one was resected for a length equal to that of 
the flap. The ribs above and below were divided only and turned 
medially with the inten'ening intercostal structures, forming a flap with 
its hinge near the vertebral column. After this the operation was 
carried on after the manner of Xasiloff and the esophagus exposed. 
Biyant demonstrated his method on the cadaver. 

Rehn,^^ in 1898, was apparently the first to employ a modification 
of Bn’-ant’s operation on the living subject. He made a large muscle 
flap with its base extending from the third to the ninth spinous process 
and then resected several ribs (an osteomuscular flap as devised by 
Bryant was not used). In the first operation he wounded the pleura; 
pneumothorax developed and the patient died six weeks after operation. 
In the second operation, tlie exposure of the carcinoma was satisfactorily 
carried out but the lesion was definitely inoperable. Suppuration of 
the wound and death on the sixth day followed. The esophagus was 
approached from the right side in both cases. 

10. Xasiloff, J. J.; Oesophagotomia et resectio eosophagi endothoracica St 
t ctersburg, Vrach, 1888, vol. 9, p. 481. 

11. Quenu and Hartmann: Des voies de penetration chirurgicale dans le 

posterieur, Bull, et mem. Soc. de chir. de Paris 17:82. 1891. 
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L obet, ^ in 1900, was the first to perform Nasiloff's operation on a 
human being-, the case being one of benign stricture of the esophagus, 
following a left paravertebral vertical incision and resection of several 
ribs, he pushed forward the pleura and exposed the esophagus without 
difficulty. 1 here were two strictures which he incised longitudinally and 
then inserted a soft sound through the nose down into the stomach so as 
to model the lumen of the esophagus. The patient died eiglit days after 
operation. Purulent empyema was found at necropsy and was attributed 
to infection of the pleural cavity by the regurgitated gastric contents. 
Llobet called attention to the fact that he could have reached the 
esophagus in this position (just below the aortic arch) much better from 
the right side. He considered the operation feasible. 

In 1901, Enderlen using the flap method, operated on a patient 
for the removal of a tooth plate in the thoracic portion of the esopliagus. 
He extracted the plate successfully hut in doing so injured the edges of 
the esophageal wound so severely that he decided not to suture but to 
drain. The patient was nourished through a previously made gas- 
trostomy opening and although he was not well enough to be dismissed 
from observation until nine months after the operation, he recovered. 
Enderlen advised that the approach to the thoracic portion of the 
esophagus above the bifurcation of the trachea be made from the left 
side. 

Henle,^^ like Enderlen, performed posterior mediastinotomy for the 
removal of a foreign body in the esophagus. The j^atient died nine 
days after operation. In 1903, Faure and Tuffier exposed the 
esophagus by the posterior mediastinal route, but the patients died. 
Tuffier mentioned the transpleural route for exposure of the esophagus 
but believed that the danger from pneumothorax and pleural infection 
was almost too great. 

By this time posterior mediastinotomy as an approach to the thoiacic 
portion of the esophagus had become a recognized surgical procedure. 
There thus remain two approaches to be considered: the anterior 
mediastinal and the transpleural. TJie former is mentioned merely to be 
condemned. In Cairo in 1897, Milton split the manubnum and body 


15. Llobet, A. F.: L’operaiion dc Nassilov; La prmiere intervention a Bnenos 

Aires, Rev. de chir. 21:674, 1900. _ 

16. Enderlen: Ein Beitrag zur Chirurgic dcs bmteren jrediast.nuni, Deutsche 

Ztschr. f. Chir. 61:441, 1901, io7? 

17. Henle, quoted by Lilienthal: Ann. Surg. 74:259, 1921 ; ibid. ' ; ’ ’ 

18 Faure T L. ; Cancer de la portion thoracique de 1 oesophage. P-_ 

du ntplar; par la voie nrediastinale posterienre ciroite conib.nee a u„e incision 

cervi'cale. Bull, et mem. Soc. de chir. dc Paris 29:122, im. 

19. Tuffier: Sur la resection dc I'oesophage thorac.quc, Pressc med. 11.364. 

1903. 

20. Afilton, H.: Mediastinal Surgery. Lancet 1:872, 1897. 
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of the sternum longitudinally in the median line and was able to pull 
the two halves about 6 cm. apart- This operation was undertaken tor 
the removal of tuberculous lymph nodes, and it is easy to see that tins 
procedure or any of its modifications as a means of reaching the 
esophagus extrapleurally is decidedly impracticable and well mgh impos- 
sible, because of the numerous important structures which lie in the 
way. Apart from this, the exposure of the esophagus, once it was 
obtained, would not be nearh’ so good as b\’ the other two routes. 

An Italian surgeon, Biondie,’*^ in 1S95, was the first to attempt to 
explore the esophagus by the transpleural route ; he used the dog as his 
subject. He emploved a paravertebral incision followed by resection of 
two or three ribs. The pleura was incised, the pleural ca\‘it\' o[)cncd, 
and the esophagus exposed by incision of the parietal pleura. 

The opening of the pleural cavity for the intrathoracic operation on 
the esophagus or any other of the thoracic viscera was not put on a 
safe basis, however, until the invention of the differential-pressure 
chamber by Sauerbruch-- and the positive-pressure apparatus by 
Brauer and Petersen in 1904. These inventions, by preventing col- 
lapse of the lung during operation and pneumothorax afterward, gave 
a great impetus to intrathoracic surgery, including that of the esophagus. 
They have been replaced largely by the simple method of intratracheal 
insufflation introduced by IMeltzer and Auer -* in 1909. 

Xow that the dangers of opening the pleural cain't}- have been over- 
come to such an extent that the surgeon need not hesitate to operate 
in it, there remains only the question of the type of incision to employ 
m order to get the required exposure. Dobromysslow, for example, 
used the flap method with subperiosteal resection of the underlying ribs. 
Sauerbruch introduced the simple intercostal incision of skin, muscles 
and pleura. This he found eminently suitable for experimental work 
on dogs, and it is still the most commonly used for that purpose. The 
usual procedure for opening the pleural cavity in man now includes 
cither the division of ribs or their resection. Torek, in his famous case, 
cut down to the ribs through a cun-ed incision, the anterior part of 
"•Inch was over the seventh intercostal space while the posterior part 
turned vertical]}- upward near the vertebral column. He then divided 
^ seventh, sixth and fifth ribs just lateral to their tubercles, and the 


«ko'(suJ)?)%S'p sperimentale intratoradca, Policli- 

Ausschaltung der schadlichen Wirkung 
eumothora.v bei mtrathorakalen Operati'onen, ZentraJbl. f. Chir. 31:146, 1904 
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. (acn 5)auerbruch, Ztschr. i. physiol, aiem. 41:299, 1904. 
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pleural incision ran parallel lo that in the skin. By retraction excellent 
exposure ot the nnddle pan of the pleural cavity was obtained and the 
esophagus easily reached. The level of the incision was planned accord- 
mg to the part to be explored. 

Ihe exposure of tlie posterior mediastinum for the laying bare of the 
thoracic portion of the esophagus extrapleurally has also received atten- 
tion as time has gone on, and Lilienthal’s recent method, a modification 
of that employed by Torek, gives excellent exposure. His incision 
staits 20 or 22.5 cm. from the spine at whatever level he chooses and 
urns backward along a rib to the edge of the longitudinal spinal muscles 
and then ciiives upwaid parallel to the spine for four or five intercostal 
spaces. The rib over which the incision is made is resected sub- 
periosteally, and the rib below and two or three above are divided just 
lateral to their tubercles. The usual care is taken in the ligation of 
intercostal vessels and the separation of the pleura from the periosteum 
of the ribs and intercostal muscles. By the introduction and spreading 
of a rib retractor, these ribs, which have been divided, are easily 
“shingled,” one on top of the other, and thus exposure is obtained. 

Gregoire’s extrapleural and extraperitoneal method of exposing 
the lower thoracic and cardiac segments of the esophagus is interesting 
and might well be mentioned. A U-shaped incision with unequal limbs 
is made on the left side of the thorax. It starts behind at the level of 
the eighth rib near the spine and runs vertically downward over the 
necks of the ribs until it reaches the twelfth where it curves forward 
along that rib for about 10 cm. ; then it turns upward in the posterior 
axillary line to the level of the eighth rib. A musculocutaneous flap is 
raised, the twelfth rib resected, the eleventh sectioned at each end of its 
exposed part and the tenth cut only through its neck. The arteries in 
the corresponding intercostal spaces are ligated and cut and a large 
osteomuscular flap can then be raised, exposing the pleura and below 
this the diaphragm. The pleura is pushed forward off the yeitebral 
column, aorta, esophagus and diaphragm. After the diaphiagm is baied, 
it is split close to the neck of the twelfth rib near the esophageal orifice, 
and here the left inferior phrenic arter}^ must be ligated before it is 
cut as its ends are likely to retract. After being split the diaphragm is 
retracted with the pleura and good exposure of the lowei end o t ic 

esophagus is obtained. • i 

For operations on the esophagus by the posterior mecias(ina loti e, 

the side by which the better exposure is obtained still remains a matter 

25. Lilienthal, Howard; Posterior Mediastinotomy, Arch. Siirg. 6:274 (Jan.) 

26. Gregoire, Raymond: Voie d’acces sur le segment ‘'f 

mettant d’eviter la plevre et le peritoine. (Voie tlioraco-abdominal 

J. de chir. 21:673, 1923. 
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oi the choke oi the individual surgeon; most are agreed tl.at the right 
side is better for operations in the region of the hilum and that the 
lower part of the thoracic portion of the esopiiagiis is better approached 

from the left. 

From the foregoing brief outline of the development ol .^urger} ol 
the esophagus, it can be seen that the viscus has become acccssil)!c 
throughout the whole length of the course. In the thorax two routes arc 
available, tlte extrapleural and the transpleural. The abdominal part of 
the esophagus can be exposed through either the abdotninal or the 
thoracic route. 

LESIQXS OF THE ESOPHAGUS 


All lesions in the esophagus have a tendency to cause narrowing of 
the lumen, thus producing obstruction with its attendant symptoms. 1 he 
esophagus, like any of the other hollow viscera in the body, may be 
obstructed by causes; (1) in the lumen, such as foreign bodies and 
tumors (polypi) ; (2) in the wall itself, such as cardiospasm, congenital 
stricture or stricture resulting chiefly from fibrosis in injury, inflam- 
mation or new growths — tumors, apart from fibrosis, may lead to 
narrowing — and (3) outside the wall, such as tumors, diverticula, 
aneurj’sms, enlarged lymph nodes and abscesses. 

Treatment, whether or not it is surgical, is always directed toward 
' relief from the obstruction. With regard to impacted foreign bodies, it is 
noticed that their removal has passed largely from the domain oi surgery 
since the advent of the esophagoscope. Should operation be the only 
available means of relief, however, it would consist in exposure of the 
esophagus at the site of impaction and longitudinal incision through the 
wall over the foreign body followed by extraction with as little resultant 
trauma as possible. The edges of the esophageal wound would then 
be brought together, usually with two rows of sutures, the second 
inverting the first. Drainage must be provided for. Should the 
impacted foreign body be situated in the cardiac or lower thoracic part 
of the esophagus, it might be possible to extract it through a gastrotomy 
wound by digital manipulation and so avoid the risk entailed of opening 
the esophagus. 


As mentioned, operation has been almost eliminated from the treat- 
ment for cardiospasm, and its place has been taken by the more con- 
servative treatment of dilatation. 


The stricture resulting from fibrosis following injur}- or infiamma- 
on ( eutgn cicatricial stricture), when believed to be impermeable, has 
een treated by the plastic formation of an artificial esophagus which 
andTr"^ , stricture and reestablishes continuity between the mouth 

Kture ma> be successful, resection of the gronth itself is essential 
wg 1 subsequent end-to-end anastomosis may be attempted, it is 
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^01 e usual to bridge the gap caused by the resection by some plastic 
procedure. Hence two series of operations for the relief of strkture 
have been attempted; esophagoplastic operation alone and resection with 
or without a plastic operation. 


ESOPHAGOPLASTIC OPERATIONS 

The types of plastic operations devised for the relief of benign 
cicatiicial strictures which are believed to be impermeable, having as 
their object the formation of an artificial esophagus, have been many and 
various, and no tissue or viscus that would seem suitable has been 
neglected. Thus, skin, fascia, stomach and large and small intestines 
have all been used. Before the introduction of these operations, patients 
were usuall}'’ subjected to gastrostomy, and there surgical treatment 
ended. Gastrostomy as a temporary measure is helpful, but as a 
permanent one it has man}' drawbacks and may become a veritable 
nuisance, iiarticularly for a working man. The patient’s food must 
alwa 3 ^s be speciallj' prepared ; the skin around the gastrostomy opening 
often becomes ulcerated and difficult to keep clean, and, what is even 
more exasperating to the patient, nothing has been done which will 
restore to him the joy of taking food by mouth and the power of 
deglutition for which he seems to crave and without which life seems 
to be intolerable. In spite of this unfortunate state to which gastrostomy 
may lead, many surgeons regard it with favor and publish statements to 
the effect that their patients are well satisfied with the results. Another 
fact which must be given just consideration is the youth of most of 
the patients suffering from benign stricture of the esophagus (many 
of them are actually children) ; to provide them only with a gastrostomy 
opening wu'Il limit their enjoyment of social intercourse and activity, 
and probably seriously jeopardize their chances of success in life. The 
realization of these drawbacks to gastrostomy was the factor which led 
to the introduction of esophagoplasty. 

It may take months to complete the plastic operations, and the 
futility, as well as the lack of justification, of performing them in cases 
of carcinomatous stricture without primary resection of the growtli 
itself has long been recognized. I shall describe the various types of 
esophagoplastic operations. 

Skin.— In 1894, H. Bircher attempted extrathoracic esophagoplasty 
for carcinomatous stricture, using the skin of the anterior wall of t le 
thorax and the neck. The first step was to make two vertical parallel 
incisions about from 7 to 8 cm. apart, slightly to the left o t le me lan 
line and extending from the submaxillar}’’ region to the mar£,in o le 
rib. The edges of the strip of skin were turned forward and broug i 
together in the median line by interrupted sutures so that a tube lined 
by epidermis was formed. The edges of the skin of the inci.sion 
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both sides were undemined {or 1 or 2 cm., pulled together and .Miturcd 
over the tube of skin already formed. About six weeks later a gas- 
trostomy opening was made and its edges connected wiUi those ot the 
lower opening of the tube of skin. Nine days later fluid nourishment 
was poured through the tube from above and it entered the stomach 
without trouble. Three days later the patient died of pulmonary 
embolism. At necropsy it was found that the sutures of the tube h.id 
given way in some places. The second patient died from pneumonia, 
and Bircher found that the anterior part of the tube of skin had 
separated for about 4 cm. and that from this opening the lumina of 
both stomach and tube could easily be reached. Bircher had intended 
to make a juncture between the upper end of the tube with the cervical 
part of the esophagus. He stated that although fluid food passed down 
the artificial esophagus with ease, he did not believe that solid food 
would, owing to the absence of peristalsis in the tube. Although 
Bircher’s attempts to form a new esophagus were made in 1894, they 
were not published until 1907, by E. Bircher.-' This procedure and ii.s 
modifications, which seem to be the safest of all the methods devised for 
esophagoplasty, curiously enough seem to have been forsaken for a 
long time through the introduction of other much longer and more 
dangerous procedures, and have found favor again only during the 
last few years. 

Payr,'® in 1917, seems to have been the first to complete successfully 
Bircher’s technic; the patient was a young man. aged 20. 

In 1917, Esser devised an ingenious method of forming a tube of 
skin to act as a new esophagus. He considered that in the fonnation of 
a tube according to Bircher’s method there was likely to be too much 
tension on the skin and he found a method of avoiding this factor. He 
first performed a Witzel operation for gastrostomy. Then he made a 
transverse incision about 4 cm. long through the skin of the anterior wall 
ot the thorax midway between the jugular notch and the gastrostomy 
opening slightly to the left of the sternum. After entrance to tlie sub- 
cutaneous tissues through the incision rvith a suitable instrument, he 
Mndermmed the skin upward and outward to the level of the thyroid 
gland and downward to the gastrostomy opening. The thickest instru- 
ment was trom 2.5 to 3 cm. in diameter. He then proceeded to line 

le tunnel with Thiersch skin grafts, so that when these had taken he 


eines neuen Oesopha- 


-A Bircher. Eiigen ; Ein Beitrag zur ptastichen Bilduns 
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had a tube lined by skin and formed in such a manner as to avoid tension. 
I be teclmic of applying the grafts to the inside of the subcutaneous 
tunnel is interesting. He split a rubber drainage tube longitudinally and' 
painted it with albumin (white of egg) ; when this was dry, he laid on 
It the Thiersch grafts, wound side outward, and turned the edges of 
the grafts into the longitudinal slit. The adhesion of the Thiersch 
grafts to the tube by the medium of the egg-white enabled the tube to 
be introduced into the tunnel with the grafts in position. Two graft- 
covered tubes were inserted, one into the upper part of the tunnel, the 
other into the lower part. Their approximated ends were connected by 
a core made of sterile wood. After ten da3^s, the rubber tubes were 
removed and the upper and lower parts of the skin tube united by 
suture. In his first case, Esser had considerable difficulty in uniting the 
cervical portion of the esophagus with the upper end of the tube of 
skin because of the high position of the stricture and the consequent 
short length of the oral end of the esophagus. He managed, however, 
by closing the defect with skin flaps. He effected the juncture of the 
gastrostomy opening and the lower end of the tube of skin by construct- 
ing a sac from the abdominal wall to surround both orifices. The sac 
was made in the same way as the Bircher tube of 'skin. By this method 
a valvelike arrangement was made whereby he hoped to prevent the 
, regurgitation of gastric contents (with their deleterious effects on the 
Thiersch grafts) into the skin tube, for the sac would have to become 
filled first and in filling would compress the anterior wall of the lower 
end of the skin tube against the posterior wall and so close the orifice. 
His first case was successful and at the time of writing he had begun 
a second case but had completed only the formation of the tube of skin 
by his Thiersch graft method. 

In 1921, Fonio suggested that the lower end of the tube of skin 
be joined directly to the wall of the stomach, the mucosa being sutured 
to the lower edge of the tube of skin followed by serous sutures inveit- 
ing the wall of the stomach, as in a Senn gastrostomy. The soft tissues, 
then the skin, would be brought together and sutured over the anas- 
tomosis of the stomach and tube of skin. 

Realizing the advantage of a seroserous suture, Galpein, in 19- , 
sought to remedy this defect in the lower end of the skin tube by the 
use of omentum. He first made a transverse incision in the skin 
about S cm. long, midway between the xiphoid and the umbilicus, an 
undermined the skin above it, making a subcutaneous pocket 
6 cm. long. In this he placed omentum, which was extracte roin 
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the abdomen. A week later, he made a tube oi skm according to the 
method of Bircher, the lower edge being formed by the transverse 
incision, so that the lower 4 or 5 cm. was surrounded with omentum 
which had grown together with the subcutaneous tissues. Iti this way 
Galperti provided a serosal covering for the lower part of the skin 
tube, to which the stomach might then be united. He experimented on 
rabbits and dogs. In the former, all experiments were failures because 
the skin covering the pocket became mummified and unsuitable for the 
formation of a skin tube. By his experiments on dogs he was able to 
convince himself that the omentum grows together with the subcutaneous 
tissue and will take part in an anastomosis as serosa. He expressed the 
belief that heterogeneous omentum procured during laparotomy, for 
example, can be used with greater facilit)' and with equally good results. 
His experiments were not completed when he made his report. 

In 1922, von Engelbrecht reported a case of a girl, aged 15, on 
whom he performed anterior esophagoplasty for impermeable stricture. 
He successfully completed the artificial esophagus, although he had some 
trouble with the formation of fistula at the juncture of the skin tube and 
the esophagus above the gastrostomy opening and skin tube below. 

In 1925, Rovsing described a method which appeared to be a 
modification of that introduced by Bircher with which Rovsing appears 
to have been unfamiliar. Juncture of the lower end of the skin tube 
and the gastrostomy opening is effected in a manner similar to that in 
which Esser made the sac, except that the amount of skin used is just 
sufficient to form a tube continuous with the lower end of the skin tube 
above and surrounding the gastrostom}’’ orifice below. An interesting 
modification which Rovsing introduced lay in his treatment of the aboral 
end of the esophagus after its division in the neck. Instead of closing 
it, which is the usual practice, he brought it out through a small incision 
in die left supraclavicular fossa, fixed it to the skin with silk and 
drained it with a tight rubber drain. In this way he avoided the possi- 
bility of mediastinitis which might ensue from the inefficient closure of 
the aboral end or from the giving way of the closing sutures because of 
temsion resulting from secretion accumulating above the stricture. At 
this time he reported tivo successful cases, and in 1926, this number had 
increased to four, with a fifth which was incomplete.®^ Two of the 
patients were boys aged 5 and 9 years. 
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In 1926, Braizew*-' completed esophagoplasty on a girl, aged 12, 
by means of skin, although the procedure occupied nearly a year and 
necessitated many operations. His technic differed from the technics 
described in that he avoided the juncture of the skin tube with the gas- 
trostomy opening by making a second opening in the stomach near the 
cardia. This allowed the temporary use of the first opening for feeding 
purposes and also reduced the length of the skin tube. The second open- 
ing was made by drawing up a cone of stomach into the abdominal 
wound and surrounding it with crossed muscle strips from the rectus 
abdominis, thus forming a sphincter. The functional result was good, 
the patient being able to swallow any kind of food. 

Anterior Wall of the Stomach . — In 1901, Depage by devising a 
new method of gastrostomy, paved the way for the later real esophago- 
plastic operations. He used a vertical flap from the anterior wall of the 
stomach with its base upward and close to the lesser curvature. By 
closing the stomach with a continuous suture and continuing this on to 
the upturned flap, he converted the latter into a tube which he found 
could be drawn upward through a parietal tunnel almost to the xiphoid 
process. In 1903,®" he reported having used the method in six cases with 
satisfactory functional results. 

In 1911, Hirsch employed the same method but with the intention 
of replacing the lower part of the esophagus by the tube formed by the 
suturing of the edges of the flap. He made the longitudinal axis of the 
flap parallel to that of the stomach with the base toward the fundus, 
in this way ensuring a good blood suppty from the branches of the left 
gastric and short gastric arteries. The lower end of the tube was fixed 
to the peritoneum to avoid kinking, and the tube itself was brought up 
onto the thorax subcutaneously. Jankovskis quoted E. Hesse as hav- 
ing performed the Hirsch operation four times with two successful 
results. This is the only instance noted in the literature of the use of 
this operation on man. Jankovskis also pointed out that its disadvantage 
lies in the fact that the stomach considerably diminishes in size in 
cases of impermeable esophageal stricture. 
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Greater Cnn-ature of the Siovtach.— In 1905, licck startecl to 
improve gastrostomy bv the formation of a plastic tube from the greater 
curx-ature of the stomach, ^vith its base to the left, tlms ensuring a good 
blood supply by means of the left gastro-epiploic artery. He cut a llap, 
and, by a continuation of the suture which closed the stomach on to the 
edges of the flap, brought them together and so formed a lube. Start- 
ing first with a small flap, he gradually extended the operation until 
most of the greater cun'ature was included in the flap. He then found 
that the tube was of such length that it could be brought upward on the 
surface of the thorax far enough to be united to the cervical jmrtion of 
the esophagus. By measurements on the cadaver, he came to the 
conclusion that the operation was feasible on the human being. His 
experiments, which were briefly recorded in a journal of limited dis- 
tribution. were not spread abroad in the general medical literature, and. 
consequently, the credit of having devised this form of esophagoplasty 
has mostly gone to Jianu,^^ who, in 1912, apparently in ignorance of 
Beck's work, published similar experiments on dogs and on the cadaver 
and advised the use of the method for benign stricture in the human 
subject. After the formation of the tube, its base is sutured to the 
peritoneum in the upper part of the abdominal wound. .A vertical 
median line incision is made in the skin of the thorax and the edges 
undermined. The tube is then drawn upward, laid in this subcutaneous 
path and the edges of skin sutured together over it. The edges of the 
end of the tube are sutured to those of a transverse incision at the upper 
end of the vertical one. Later, anastomosis can be made between the 
oral end of the transversely cut ceixdcal portion of the esophagus and 
the upper end of the tube made from the greater cun’atures. 

Rdpke,'‘= in 1921, was the first to use the Beck-Jianu type of 
esophagoplast}' in operating on the human being. He performed the 
operation on a man with carcinoma of the esophagus, but did not do a 
resection. Instead of making a subcutaneous pathway for the artificial 
esophagus as did Jianu,^^ he tunneled below the pectoral muscles. The 
gastric contents did not regurgitate. The case was successful apart 
from the fact that the carcinoma was not resected. 

In 1913. illeyer-*® published a report of three cases in which the 
Beck-Jianvi method of operation was successful. The first case was 
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omphcated by gangrene of the seromuscular coat of the uppermost 
extremity of the new esophagus. He believed this ivas due to the 
constricting action of the through-and-tlirough sutures on the vessels, 
and formed the opinion that the mucosa alone should be sutured to the 
borders of the skm wound. In this case, Meyer had followed Rdpke's 
method of leading the new esophagus through a subpectoral tunnel, 
bubmuscular suppuration and perichondritis ensued. In his other two 
cases, he used Huelte’s wire-stitching instrument for the closure of the 
longitudinal incision in the stomach ; it has the great advantage that 
the stomach is not even opened. Meyer preferred the subcutaneous 
rathei^ than the subpectoral placing of the Beck-Jianu tube because local 
infection is easier to deal with, and there is less risk of its spreading to 
the ribs or sternum. In another publication, Meyer advised the 
intrathoi acic use of the Beck-Jianu tube to replace the lower portion of 
an esophagus that had been resected for carcinoma. 


In 1914, Jianu reported the cases of the first two patients treated 
by this method. Both were cases of benign stricture, and the results 
were successful. He stated that it was feasible to perform the operation 
not only on a normal stomach, but also on one which might be adherent 
to the abdominal wall, as after gastrostomy. 

In 1913, Enderlen and Hotz reported their experimental work on 
esophagoplasty. They stated that their efforts to substitute a loop of 
small bowel or a Beck-Jianu tube for the esophagus uniformly resulted 
in gangrene, and that the mobilization of the proximal portion of the 
cervical esophagus resulted in failure because of necrosis of its end. 

In 1919, Nicolaysen published the report of an interesting case. A 
few years previously the patient had undergone a W ullstein and Roux 
type of operation for esophageal stricture. The jejunal loop had 
necrosed, the operation thus being a failure. Nicolaysen then opeiated 
by the Beck-Jianu method, completing the new esophagus b}'' a tube of 
skin. Complete success rewarded his efforts. 
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In 1922, Lotheissen” reported four cases in which successful optTa- 
tions were ’perfoniied by this method. In two of them the cervical 
portion of the esophagus was united directly with the llcck-Jianu tulie. 
while in the remaining two this juncture had to be effected by the 
interposition of a tube of skin about 10 cm. long. In one of the latter 
cases, regurgitation of gastric contents caused erosion of the skin tube 
so that many minor plastic operations had to be performed for repair, 
the outcome finally being successful. 

In 1926, Grigorjev^® in a plastic operation, made a tube from the 
greater curvature of the stomach, constructed in such a manner as to 
open into the stomach near the pylorus, in this respect differing from 
the Beck'Jianu tube. It was brought up to the clavicle without tension. 
The functional result was poor ; fluids would not pass into the stomach 
through the tube, and if introduced through a stomach tube, they 
regurgitated into the new esophagus. This was thouglit to be due to 
the resistairce of the pyloric sphincter ; a plastic operation was performed 
on this structure, but there was no improvement in function. The 
patient died after four months. Grigorjev considered this operation 
unsuitable and recommended the Wullstein-Roux type of esophago- 
plast)-. 

Whole Stomach (Antipcrisialtic ). — In 1913, von Fink^‘ devised a 
method of operating on a patient who had a carcinoma of the cardia 
and lower end of the esophagus. At operation he found the cardia 
forming a stiff funnel and adherent to the liver. He mobilized the 
remainder of the stomach and first part of the duodenum, cut through 
the juncture of the first and second parts of the duodenum and closed 
the distal end. He then brought up the stomach over the left margin 
of the ribs onto the anterior thoracic wall subcutaneously, although the 
extent to which he did this was naturally limited by the fixation of 
the cardia. The opening of the duodenum reached to about the level 
of the nipple. Posterior gastro-enterostomy was then performed. Later, 
the cervical portion of the esophagus was united to the duodenal open- 
iug. After a few days, blood-stained fluid flowed from the abdominal 
wound. The fluid increased in amount, and the patient became weaker 
and died. By this operation von Fink established in his own mind the 
iisetulness of the stomach and duodenum as material for esophagoplasty. 
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complicated by gangrene of the seromuscular coat of the uppermost 
extremity of the new esophagus. He believed this was due to the 
constricting action of the through-and-through sutures on the vessels, 
and formed the opinion tliat the mucosa alone should be sutured to the 
borders of the skin wound. In this case, Meyer had followed Rdpke’s 
method of leading the new esophagus through a subpectoral tunnel. 
Submuscular suppuration and perichondritis ensued. In his other two 
cases, he used Huelte’s wire-stitching instrument for the closure of the 
longitudinal incision in the stomach; it has the great advantage that 
the stomach is not even opened. Meyer preferred the subcutaneous 
rather than the subpectoral placing of the Beck-Jianu tube because local 
infection is easier to deal with, and there is less risk of its spreading to 
the ribs or sternum. In another publication, Meyer '*■* advised the 
intrathoracic use of the Beck-Jianu tube to replace the lower portion of 
an esophagus that had been resected for carcinoma. 

In 1914, Jianu I'eported the cases of the first two patients treated 
by this method. Both were cases of benign stricture, and the results 
were successful. He stated that it was feasible to perform the operation 
not only on a normal stomach, but also on one which might be adherent 
to the abdominal wall, as after gastrostomy. 

In 1913, Enderlen and Hotz reported their experimental work on 
esophagoplasty. They stated that their efforts to substitute a loop of 
small bowel or a Beck-Jianu tube for the esophagus uniformly resulted 
in gangrene, and that the mobilization of the proximal portion of the 
cervical esophagus resulted in failure because of necrosis of its end. 

In 1919, Nicolaysen published the report of an interesting case. A 
few years previously the patient had undergone a Wullstein and Roux 
type of operation for esophageal stricture. The jejunal loop had 
necrosed, the operation thus being a failure. Nicolaysen then operated 
by the Beck-Jianu method, completing the new esophagus by a tube of 
skin. Complete success rewarded his efforts. 
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In 1922, Lotheissen” reported four cases in wliicli successful opera- 
tions were’perfonned by this method. In two of them the cervtca 
portion of the esophagus was united directly witli the Leck-Jianu tube, 
while in the remaining two this juncture had to I)c effected hy tlie 
interposition of a tube of skin about 10 cm. long. In one of the latter 
cases, regurgitation of gastric contents caused erosion of tlic skin tube 
so that many minor plaStic operations had to be i)erformed for reiiair. 
the outcome finally being successful. 

In 1926. Grigorjev^® in a plastic operation, made a tube from the 
greater curvature of the stomach, constructed in such a manner as to 
open into the stomach near the pylorus, in this respect dilTering from 
the Beck-Jianu tube. It was brought up to the clavicle without tension. 
The functional result was poor ; fluids would not pass into the .stomach 
through the tube, and if introduced through a stomach tube, tlicy 
regurgitated into the new esophagus. This was thought to be due to 
the resistance of the pyloric sphincter; a plastic operation was performcfl 
on this structure, but there was no improvement in function. The 
patient died after four months. Grigorjev considered tliis operation 
unsuitable and recommended the Wullstein-Roux type of esophago- 
plast}'. 


Whole Stomach (Antipcnsfaltic ). — In 1913, von Fink devised a 
method of operating on a patient who had a carcinoma of the cardia 
and lower end of the esophagus. At operation he found the cardia 
forming a stiff funnel and adherent to the liver. He mobilized the 
remainder of the stomach and first part of the duodenum, cut through 
the juncture of the first and second parts of the duodenum and closed 
the distal end. He then brought up the stomach over the left margin 
of the ribs onto the anterior thoracic wall subcutaneously, although the 
extent to which he did this was naturally limited by the fi.xation of 
the cardia. The opening of the duodenum reached to about the level 
of the nipple. Posterior gastro-enterostomy was then performed. Later, 
the cervical portion of the esophagus was united to the duodenal open- 
ing. After a few days, blood-stained fluid flowed from the abdominal 
wound. The fluid increased in amount, and the patient became weaker 
and died. By this operation von Fink established in his own mind the 
Usefulness of the stomach and duodenum as material for esophagoplasty. 


49. Lotheissen. 
Cl'k. 40:1969, 191 
dem Magen, Beitr. 


G.: Zur Behandlung der Speiserohrenstrikturen, Zentralbl f 
3; Ueber plastischen Ersatz der Speiserohre insbesondere aus 
z. khn. Oiir. 126:490, 1922. 


sO. Grigorjev. A. : Bildung einer kunstlichen 
-icntralorg. f. d. ges. Chir. 37:104, 1927. 


Speiserohre nach Halpern, abstr. 


^1. \ on Fink. Franz: 
fdiir. 40:545. 1913. 


Ueber plastischen Ersatz der Speiserohre, Zentralbl. f. 



72 


ARCHIVES OF SURGERY 


Whole Stomach (I so peristaltic). —In 1920, Kirschner « intro- 
duced a new method of esopliagopJasty, in which, like von Fink,®^ he 
used the whole stomacli. After ligating and dividing the left gastric, 
left gastro-epiploic and short gastric arteries, be mobilized the whole 
stomacli by cutting through the gastrocolic and gastrohepatic ligaments. 
He tlien cut through the stomach about 4 cm. below the cardia and, 
aftei making an anastomosis between the cardiac stump and the 
jejunum, he drew up the stomach subcutaneously, cardiac end first, in 
front of the wall of the chest. He thus arranged the stomach in an 
isoperistaltic wa}’’, because he feared the effect of antiperistalsis which 
might cause trouble in the von Fink type of operation. Later, the 
cervical portion of the esophagus was to be anastomosed to the cardiac 
end of the stomach. Kirschner reported one case in which the operation 
was completed with a successful result, which, however, took twenty- 
seven months to attain, the chief difficulty being the contraction of the 
cervical esophagostomy opening, which requii'ed many minor plastic 
operations. His second patient lived only a month, and died from 
abscess of the lung. At necropsy an ulcer was found in the displaced 
stomach at the level of the third rib; it had perforated into the pec- 
toralis major muscle. 

In 1921, Kummell performed esophagoplasty, using Kirschner ’s 
method in three cases of impermeable stenosis due to cardiospasm, 
benign stricture and inoperable carcinoma, respectively. All three 
patients died soon after the operation. In two of them, Kiimmell did 
not anastomose the cardiac end of the esophagus with the small intes- 
tine. In each of them, the accumulation of, secretion above the closing 
ligature resulted in rupture with peritonitis. At necropsy, there were 
no signs of impairment of nutrition of the wail of the stomach in any 
of the cases. 

In regard to the mobilization of the stomach, the work of Miller 
and Andrus, in 1923, is of importance. They found that in nineteen 
dogs in which the left gastric and short gastric arteries, as well as the 
anastomotic branches from the phrenic arteries near the cardia were 
ligated, only one showed an)' alteration in the viability of the stomach, 
a definite necrosis of a limited portion of the fundus took place. On 
the other hand, if one goes a step further and divides the left gastro- 
epiploic artery (as Kirschner did), one finds that in dogs at least two 
thirds of the stomachs so treated show an area of necrosis on the 
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fundus from 3 to 4 cm. in diameter, involving tlic entire llncknes.s of 
the wall and resulting in acute perforating ulcer. Such a lesioti was 
found in Kirschner’s second case. In view ot tlieir experience. 
Miller and Andrus considered Kirsclmer's method of molnhzmg tlie 


stomach a riskr' procedure. .... 

In 1926, Wajgiel,” working on dogs and cadavers, made mjeclions 

into the stomachs after the ligation of the left gastric, short gastric and 
left gastro-epiploic arteries. He found that the fundus of a stomach, the 
blood supply of which had been treated in this manner, was not filled 
with the injection mass. This corroborates the observations of Miller 
and Andrus. 

in 1904, was the first to utilize the jejunum 
for esophagoplastic work; he performed his e.xperiments on the 
cadaver. He resected about 15 cm. of jejunum taken from the intes- 
tine a short distance (about 30 cm.) below the duodenojejunal Ilexure. 
After the reestablishment of the continuity of the howel liy cnd-to-eml 
or lateral anastomosis, he pulled up the resected jejunal loop with its 
attached mesentery through the transverse mesocolon and greater 
omentum and anastomosed the aboral end to the anterior surface of 
the stomach. The oral end of the loop was then drawn up onto the 
anterior thoracic wall and sutured to the thoracic musculature along the 
left border of the sternum ; over the loop of intestine so fixed he sutured 
the skin flap made with its base to the left prior to the opening of the 
peritoneal cavitj'. The anterior circumference of the end of the jejunal 
loop was sutured to the skin laid over it. The next step was to make a 
tube of skin in a similar manner to that of Bircher and to join it below 
to the upper end of the jejunum and above to the oral end of the 
divided cendcal portion of the esophagus. 

In 1907, Roux performed his famous successful operation of 
esophagojejunogastrostomy on a child suffering from intractable benign 
esophageal stricture. In reality this was a modification of Wullstein’s 
method. His results with gastrostomy in benign stricture had been poor, 
and he decided to attempt to form a new esophagus with the aid of the 
-small intestine. He took the jejunum because of the regularities of the 
arteries supplying it and the ease with which they are recognized. He 
rst resected a loop of the upper portion of the jejunum of a length 
calculated to reach almost to the pharv'nx. Toward its oral end he ligated 
and cut the vascular stems of the arcades and then divided the mesenterv 
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At Its aboral eiul, lie conserved the mesentery containing one or more 
arterial stems, and thus obtained a length of intestine supplied with blood 
thiougb its mesenteric pedicle. Then followed the reestablishment of the 
continuity of the intestine by a button for intestinal anastomosis. The 
lesected loop was drawn up in front of the transverse colon and the 
aboral end implanted in the stomach close to the lesser curvature, care 
being taken not to compress the transverse colon. By means of Richelot 
foiceps, Roux undermined the skin of the thorax just to the left of the 
steinum as fai upward as the manubrium, where they came out through 
a transverse incision. By opening the forceps and giving them a to-and- 
fio movement, he made a tunnel through which the jejunum was easily 
drawn, and the circumference of the end of tlie loop was sutured to 
the edges of the wound in the skin. The peritoneum was closed. After 
the wounds had healed, the subcutaneous intestinal loop could be seen 
to contract actively at intervals, Roux was later going to join the 
cervical portion of the esoiDhagus to the ui^per end of the jejunal loop 
and so complete that which he set out to do. 

Thus, to Roux belongs the credit of proving the feasibility of 
making a new esophagus from the intestine in human beings. It infused 
new enthusiasm into the minds of many who had hitherto believed such 
surgical success to be impossible, and this was reflected in the increased 
number of case reports of attempted esophagoplasty which began to 
appear in the literature. Judging from the literature, of all t 3 'pes of 
esophagoplasty the Wullstein-Roux method has proved the most 
popular. The junctui'e of the ceiwical portion of the esophagus with 
the jejunal loop sometimes is direct as devised by Roux, and sometimes 
by skin esophagoplasty according to Wullslein. 

In 1908, Herzen performed a Roux operation on a patient with 
carcinoma. Death followed sixteen days afterward. Herzen was not 
satisfied with Roux’s technic and sought to change it soiiiewhat, tlic 
chief modification being the passing of the jejunal loop through the 
transverse mesocolon and gastrocolic omentum so as to shorten it and to 
avoid the possibility of compression of the transverse colon. Latei, he 
completed tlie operation in two cases with success. The fiist was that 
of a man with carcinoma of the esojihagus, who was shown at the 
Seventh Russian Surgical Congress, at which time he enjoyed good 
health. The other was that of a girl, aged 20, who had stricture winch 
resulted from swallowing sulphuric acid. Herzen mentioned that m 
this case intestinal peristalsis showed itself in the jejunal loop after cac i 
new mouthful of food. His modification of shortening tlie path of tiic 
jejunal loop by passing it through .slits in the transverse mcsoco on atu 

58. Herzen, P.: E!ne ^todific.ation dcr Roiixisclien OesoptiaRojcjunORastro- 
.stomic, Zcntralbl. f. Cliir. 35:219, 1908. 
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trastrocolic omentum had already been suggested by W'unstein in 1904. 

In 1908. \Yullstein drew attention to the similarity of his method to 

that of Bircher and Roux. 

In 1911, Lexer®® performed a Roux operation for carcinoma of 
the esophagus. Gangrene of the subcutaneous loop of intc.'^linc ensued. 
He perfonned the Wullstein operation in another case with success. 
Lexer, watching this case, made the important obscn’ation that the 
absence of peristalsis in the section containing the skin tube of the 
artificial esophagus did not have an adverse effect on the ingestion of 
food. Thus, Bircher’s doubts as to the ability of such an esophagus to 
allow the passage of solid food were settled. It was a most interc.sting 
observation from the physiologic standpoint as it proved that the 
esophagus itself plays a small part in deglutition, and that the descent 
of the food bolus is due to the impetus given to it by the contraction of 
the pharr-ngeal muscles. 

Since this time many surgeons have reported one or more cases in 
which this type of operation was performed with varv'ing degrees of 
success. The list is so large that only references will be given; 
Frangenheim,®^ Heyrovsky.®- Blauel,®® Rehn.®^ Syring.®® Axhausen,®® 
Bornhaupt.®' Hirsclnnann,®® Fromme.®® von Hacker.'® Ranzi.*' Peter- 

59. tVullstein, L. : Zur plastischen Bildung eines ncuen Oesophagus, ZciUralbl. 
f. Chir. 35:222, 1908. 

60. Lexer, E. ; Vollstandiger Ersatz der Speiserohre. Munchen. mcd. Wchn- 
schr. 58:1548, 1911. 

61. Frangenheiiu, Paul; Zur Frage der Oesophagus plastik, Arch. f. klin. Chir. 
95:684, 1911. 

62. Heyrovsky, Hans; Wien. klin. Wdinschr. 27:89, 1914. 

63. Blauel, K. ; Zur totalen Oesophagus plastik, Verhandl. d. deutsch. Ge^ellsch 
f. Chir. 43:119. 1914. 

64. Rehn, Eduard; Oesophagus-Chirurgie, Jena, Gustav Fischer, 1914, p. 169. 

63 . Synng: Klinisches und Experimentelles zur Oesophagoplastik, Deutsche 
Ztschr. {. Chir. 128:260, 1914. 

Oesophagoplastik, Bed. klin. Wchnschr. 1 : 54 , 
10 : Die Technik der antethoracalen Totalplastik der Speiserohre, Beitr. z. klin! 

645 "^ 197^^^^’ der Oesophagoplastik. Arch. f. klin. Chir. 139: 

f. kit. Oesophagoplastik, Arch. 

6hr«iert’tT'T"!!’ Bedeutung und Technik des antethorak-alen Speiser- 

er^atzes be. den unpermeablen Strickturen, Therap. d. Gegenw. 60:368, 1919. 

222. 1919 ™"'™^’ Oesophagoplastik, Beitr. z. klin. Chir. 115; 

->«els Haut- 

19 iq‘' Oeber totale Oesophagoplastik, Wien. klin. Wchnschr. 32:247, 
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sen,- Kreuler,’” Madlener," Eohmansson,” HiiK," Lotheissen “ 
FrangenheinV' Nigoi,'« Kiraly,’« Bakay,-» StraWe,** Flechtenmacher.*’ 
lMesenkai«pf?,®-'= Jankovskts/® Sebestyen,®^ Denk«® Pokotilo «« 
Albrecht.®' 


and 


Colon (Isoperistaltic j . — In 1911, Kelh'ng,®® impressed b}^ Lexer’s"® 
successful case which had just been reported, decided to attempt a 
similar operation, and chose as his patient a man, aged 45 with an 
ulcerating esophageal carcinoma. When the abdomen was opened he 
noticed the shortness of the mesentery of the small intestine as com- 
pared to that of the transverse colon, and therefore decided to try the 
suitability of this part of the large intestine for esophagoplasty. He 
resected a large piece of the transverse colon, reestablished the con- 
tinuity by end-to-end anastomosis, closed the right end of the resected 
portion and anastomosed its left aboral end to the anterior surface of 


72. Petersen: Demonstration eines FaJIes von antethorakaler Oesophagus- 
plastik bei kongenitaler Oesophagusstenose, Zentralbl. f. ClnV. 48:520, 1921. 

73. Kreuter, E. ; Zur Teclinik der antethorakalen Oesopliagoplastik, Zentralbl. 
f. Chir. 47:1266, 1920. 

74. Madlener, Max; Ueber den Ersatz der Speiserohre dtjrcb antetborakale 
Schlaucbbildung, Deutsche Ztschr. f. Chir. 155:410, 1920. 

75. Bohmansson, Gosta: Antethoracal Oesophageal Plastic Operation, Acta 
chir. Scandinav. 53:91, 1921. 

76. Hinz, R. : Zur prathorakalen Oesophagusplastik, Deutsche med. Wchnschr. 
47:1089, 1921. 

77. Frangenheim, Paul: Oesophagoplastik Methodik und Erfolge, MUnchen. 
med. Wchnschr. 69:303, 1922. 

78. Nigol, Karl ; Dermoentero oesophagoplastica antethoracalis, abstr. Zentral- 
org. f. d. ges. Chir. 26:309, 1924. 

79. Kiraly, J. ; Drei Falle extrathorakaler Oesophagoplastik, abstr. Zentralorg. 
f. d. ges. Chir. 32:26, 1925. 

SO. Bakay, L. : Zwei Falle von extrathorakale Oesophagoplastik, abstr. Zen- 
tralorg. f. d. ges. Chir. 32:26, 1925. 

81. Strahle, Lennart; Fin Fall von antethorakaler Oesophagusplastik, Acta 
chir. Scandinav. 58:1, 1925. 

82. Flechtenmacher, C., Jr.; Zur totalen antethorakalen Oesophagoplastik, 
Wien. med. Wchnschr. 75:2590, 1925. 

83. Riesenkampff, Otto; Ein Fall von totaler Oesophagoplastik, Deutsche 
Ztschr. f. Chir. 193:116, J925. 

84. Sebestyen, Julius: Ueber Mechanisraus und Wert der kiinstlichen Speiser- 
ohre, Deutsche Ztschr. f. Chir, 193:238, 1925, 

85. Denk, W. : Ueber den Ersatz der Speiserohre durch antetborakale Plasnk, 
Wien. med. Wchnschr. 76:582, 1926. 

86. Pokotilo, Y. : Ein Fall von antethorakaler Oesophagusplastik nach Roux. 

3 Jahre lang verfolgt, abstr, Zentralorg. f. d. ges. Chir. 37:333, 1927. ^ 

87. Albrecht, P. : Dermato-Jejunoplastik des Oesophagus, Wicn. med. Y^chn- 

schr. 76:1121, 1926. ^ ,,, . 

88. Kelling, G. E. ; Oesophagoplastik mit Hiffe der Qucrkolon, Zcntralb . t. 

Chir. 38:1209, 1911. 
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the stomach near the fundm. The meacmery of the resected portion 
of tlie colon teas preserved completely only at its left end and lints co.t- 
tained the left colic artery. A Kader ty«5C ot gastrostomy was per- 
tormed. The colon ^Yas drawn up onto the anterior thoracic wall, the 
skin of which was incised and undermined to receive it. Tlie colon wa.s 
laid in the subcutaneous channel and the skin sutured over it. i he 
end of the colon was sutured to the upper part of the skm wound. 1 he 
patient was nourished through the gastrostomy opeuiug for a tew days, 
and then the blind end of the colon was opened and tlie mucous mem- 
hrane sutured to the skin. About a month after the first operation, the 
esophagus was brought out of the neck, and an attempt was made to 
bridge the gap between the esophageal fistula and the upper end of the 
colon. The patient collapsed and died when everything seemed to he 
going well. 

Colon (AnfipcristaUicj.—lw 1911 also. Yulliet devised an opera- 
tion similar to that of Kelling, but performed it only on the cadaver. 
The point of difference beUveen the two methods is that \ nllict pre- 
sented the mesenteric pedicle at the right (oral) end of the resected 
intestine, and he anastomosed this end to the stomach, drawing the left 
(aboral) end up onto the chest. Thus, his arrangement of the resected 
portion of the colon was antiperistaltic. This did not worry X'ulliet 
because of the obsentations of Lexer and Frangenheim which seemed 
to show that the peristalsis in such an excluded loop of intestine was 
hardly worth consideration. 

The reports in the literature on esophagoplastic operations in which 
an excluded portion of the transverse colon was vised have been few. and 
in those in which full reports are given the Kelling type of opera- 
tion has been most commonly performed. 

\ on Hacker,®® Fonio,®® Lundblad Ritter and Lotheissen have 
all reported cases. 

In 1923, Roith devised a new one-stage method of esophagoplasU-, 
using a part of the transverse colon and the cecum and ascending colon. 
He performed his operation on a man on whom gastrostomy had been 
performed for stricture of the esophagus. At the end of seventeen 

89. \ulhet, H..- De I’oesophagoplastte et des diverses modification Semaine 

med. 31:329, 1911. “ 

90. \ on Hacker: Ueber Oesophagoplastik im allgemeinen und fiber den Ersatz 

TkT V* Ha„.-DicM™ch,»chbad..s 

53."53tt92°“'' 0“"Ptaso,lastik, An. chit. Sem- 

92. Riuer: Diskussion. Zentralbl. f. Oiir. 45 : 5 ?I 1971 

Dick- 
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days the patient was well enough to go home; the gastrostomy opening 
had closed. I he patient fared well for three years, and then died of 
an mtercurrent disease. Roith’s procedure was as follows; 


A laige abdominal incision was made from the xiphoid process 
downward, at first vertically, then diagonally through the right rectus, 
as a good exposure is necessaiy. The cecum was loosened, the parietal 
peritoneum cut lateral to the ascending colon and this portion of intes- 
tine freed. The ileum near the ileocecal valve was cut through and 
both ends closed blindly. Transverse section was made of the middle 
of the transverse colon with blind closure of both ends, ileocolostomy 
by lateial anastomosis between the closed ends of the proximal ileum 
and the distal colon, and anastomosis between the aboral end of the 
excluded colon and the upper part of the anterior wall of the stomach. 
The cecal end of the colon was drawn up into the anterior thoracic wall 
subcutaneously to the neighborhood of the left clavicle where, after 
exposure of the cervical portion of the esophagus, anastomosis was 
made laterally b}'’ interrupted sutures to the cecum. This completed 
the one-stage esophagoplasty. 

Comment . — Up to the end of 1921, Lotheissen reviewed eighty- 
nine cases reported in the literature in which esophagoplasty for the 
relief of benign stricture had been performed by various methods. 
Forty-five of these operations were complete and 44 were incomplete. 
By the end of 1923, this number had been increased to 101 (von 
Hacker'^® and Lotheissen), with 50 complete and 51 incomplete. In 
1926, Denk added 19 complete cases from the literature to this list. 
He omitted, however, the cases of Sebestyen (6 complete and 4 incom- 
plete), Flechtenmacher (1 incomplete) and Jankovskis (4 complete 
and 1 incomplete), and since he wrote, the reports of Perthes,®* 
Braizew and Albrecht have appeared, each of whom completed 
1 case, of Grigorjev and Pokotilo whose cases were incomplete, 
and of Rovsing®® (2 complete and 1 incomplete). These additions 
(a total of 24 cases) are the result of a search in the literature up to 
the end of 1927, and make the total number of recorded esophagoplastic 
operations for benign stricture 144, of which 84 have been completed, 
with 60 incomplete. Death, sometimes from intercurrent diseases but 
usually resulting from the operative procedures, has been the most com- 
mon reason for incompletion ; in the list compiled by von Hacker and 
Lotheissen it accounted for 25 of the incomplete cases, while in my 
additional 9 incomplete cases reviewed from the literature there were 5 
deaths. The total mortality amounts to 20.8 per cent. 


94. Perthes: Plastiscber Ersatz der nach Laugenveriifzung versclilosscncn 

Speiserohre (Krankenvorsteliung), Miinchen. med. Wchnschr. 73. , -J. 

95. Rovstng (footnotes 33 and 34). 
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The ca<^e reports show an overwhelming preponderance of 3 Cjuno- 
plasty bv means ot skin over the other types ot jcjuuoplasty. _ 1 Ins 
is particularly noticeable in the most recent cases : for example, in my 
collection of 24 cases. Only those of Rovsing."’" Braizew' and 
Grigorjev were done by other methods, leaving IS which were iier- 
formed by the Wullstein-Roux-Herzen type of operation. 

It can be seen from the foregoing account of the esophagoplastic 
procedures that in a case of impenneable stricture the surgeon has 
the choice of several types of operation. They ma%' he divided into two 
groups; those in which an abdominal viscus is used (beyond simple 
gastrostomy) and those in which the entire antethoracic esophagus is 
made from the skin of the wall of the chest. 


The first group suffers from two disadvantages which arc common 
to all types of operation belonging to it, whether the stomach, jejunum 
or colon is used. They are the risks of gangrene of the antethoracically 
transposed viscus due to insufficiency of, or interference with, its blood 
supply, and peritonitis. Although the latter is usually successfully 
guarded against by the adoption of present-day methods of surgical 
technic, the former must always remain a much more serious risk since 
it is dependent on several factors. 

The disadvantages of jejuno-esophagoplasty as performed by Roux 
are at once apparent. The loop of jejunum was so long that its blood 
supply could not be otherwise than poor. ^Moreover, by bringing up the 
loop in front of the transverse colon, the mesenteric pedicle was twisted, 
and there rvas risk of compression of the colon by it. Herzen corrected 
these faults by his modification of bringing up the jejunal loop through 
an incision in the mesocolon, thereby passing it behind the transverse 
colon. Hirsdimann suggested another improvement by making the 
skin tube so that its lower end is at the level of the xiphoid process, thus 
further shortening the length of the jejunal loop necessary for this 
operation, ensuring a much better blood supply and preventing the 
blind sadike dilatations near its juncture with the stomach which have 


sometimes given cause for resection. 

Rirschner’s method has the advantage that, with the exception of 
the anastomosis of the cendcal portion of the esophagus with the 
stomach, the whole operation is done in one stage. It presents two 
jfficulties, however : the anastomosis of the cardiac end of the esopha- 
gus (or the remaining cardiac part of the stomach) with the small 
intestine and the transposition under the skin of such a large viscus. 
le work of ililler and Andrus,** and later that of Wajgiel ** and the 
"" perforating gastric ulcer in one of Kirschner's cases 
to indicate that the blood supply of such a mobilized 


0“»PtaEoplastik, Ihre 
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stoimch may, in a fair percentage of cases, prove to be so inadequate 
to o°he!r""' ^ esophagoplasty in preference 


Is ext to jejuno-esophagoplasty the method of Beck and Jianu has 
won most favor. Its disadvantages lie in the long suture line and in 
the production of acid and pepsin by means of the mucous membrane, 
the corrosive effect of which may seriously compromise healing. Most 
cases in which this method was used seem to have been successful in 
spite of the doubt cast on it by the experiments of EnderJen and Hotz, 
who found gangrene of tlie tube formed from the stomach in every 
case. Meyer and Lotheissen both regard this method as the best type 
of esophagoplasf3^ 

In the Kelling and VuIIiet type of operation, it is thought that the 
risk of peritonitis is considerable because of the virulence of the 
organisms usually found in this part of the bowel. There is also to 
be considered the difficulty of bringing up the colon subcutaneously, 
owing to its bulk. In these cases there is a tendency for food to collect 
and remain for some time on the lower part of the transposed loop 
before it passes into the stomach; this may affect the comfort of the 
patient. 

In this group all the acids of the viscera are capable of peristaltic 
movement and may be transposed in either an isoperistaltic or an anti- 
peristaltic way. If in the former, then peristalsis, although usually it 
does not greatly help the functional results, at least is not detrimental to 
it. When the viscus is placed in an antiperistaltic manner, one would 
expect that peristalsis would adversel)^ affect the function of the new 
esophagus. Under these circumstances, however, it behaves in such a 
paradoxic way that it seems impossible to foretell the result. Syring 
arranged his jejunal loop antiperistalticall}'-, and peristalsis, by causing 
a copious regurgitation of gastric juice, led to complete failure of the 
operation. On the other hand, Jankovskis performed a similar type of 
operation, and had no trouble whatsoever from this source. 

In the second group fall the method of skin esophagoplasty of 
Bircher and its modifications. These have a great advantage over the 
methods in the first group in that the only intra-abdominal operation 
necessary is simple gastrostomy, which in many cases has already been 
done as a palliative measure some time before it was decided to under- 
take the formation of an antethoracic esophagus, thus rendering any 
subsequent intra-abdominal procedure increasingly difficult because of 
adhesions. It has been realized that peristaltic action in an artificial 
esophagus is unnecessarj^- the cases of Torek and of Eggers are 


97. Torek, F. : The First Successful Case of Resection of the Thoracic Por- 
tion of the Oesophagus for Carcinoma, Surg. Gynec. Obst. 16:6N, 1913. 

98. Eggers, Carl: Resection of the Thoracic Portion of the Esoph.agiis lor 
Carcinoma: Report of a Successful Case, Arch. Surg. 10:361 (Jan.) 192a. 
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proof of this. The formation of the tube of skin in inale.s is likely to 
be difficult because of the tightness of the anterior thoracic sk.in but 
tension can usually be relieved by means of suitably placed incisions. 
Judging from the literature, the least difficult and most successful part 
of any total antethoracic esophagoplasty is the fonnation of the skin 

tube. 

Common to both groups are the difficulties that accompany^ the 
esopbagostomy. There is often a marked tendency to stenosis. This 
should be overcome by the passage of bougies or by .<^111311 plastic opera- 
tions before anastomosis with the upper end of the skin tube is 
attempted. Some authors advise the direct union of the esophagus with 
the upper edge of the skin tube; others, that it should be united Jir.^t 
with the skin of the neck and afterward the two orifices enclosed by a 
small tube of skin. The flow of saliva from the esopbagostomy opening 
generally retards healing at this point. Some ot the earlier workers 
were content to make only partial division of the eso]>hagus and to 
unite the cut edges to the skin. This practice has been superseded by 
transection, on the grounds that by the former method food gained 
access to the culdesac above the stricture, resulting in stagnation and 
infection. 

At the lower end of the skin tube the corrosive efltect of the regurgi- 
tated gastric juice may retard healing at its juncture with a transposed 
abdominal viscus or the gastrostomy, causing fistula and necessitating 
many minor plastic operations. 

Although many successful attempts have been made to form an 
artificial esophagus by antethoracic esophagoplasty, the surgeon who 
undertakes the operation should realize that he accepts a grave responsi- 
bility. It takes months to complete the procedure, the mortal itv is not 
low and success is far from being assured even if death does not occur. 
The avoidance of the necessity of the operation depends largely on a 
proper understanding of the term impermeable. 

It has been known for man}'- years that a swallowed silk thread will 
often worm its way through a stricture through which the smallest 
bougie cannot hope to penetrate. This fact formed the basis of von 
Hacker's »» successful “sondierung ohne Ende” method of treating 
benign stricture. The lower end of the silk thread is drawn out of a 
gastrostomy opening, while a rubber tube is attached to the upper end. 
'vbich IS drawn downward through the stricture by pulling on the lower 
■ end of the thread. The upper end of the rubber tube is in turn attached 
to one of greater diameter, and this is next drawn down throu-h 
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the stricture. By a continuation of this process, rubber tubes of 
gradually increasing diameters can be used to dilate the stricture to the 
required size. This method was modified by Dunham who made 
use of metal sounds instead of rubber tubes. Mixter went a step 
further and introduced a modification of Dunham’s technic which 
abolished the necessity of gastrostomy. He conceived the idea of using 
a silk thread which had passed through the stomach into the intestine, 
far enough to admit of its being drawn taut, as a guide for passing 
dilating sounds through the stricture. H. S. Plummer'®- recognized 
the value of this method and introduced it into the Mayo Clinic where 
it is now carried on successfully by Vinson.'®® Many of Vinson’s 
patients who have had gastrostomy performed for “impermeable” 
stricture, and others who, according to tlie roentgenologist, had com- 
plete occlusion, have swallowed a thread and it passed through the 
stricture, in spite of the fact that even the smallest sound failed to pass. 
He has not failed to dilate successfully in any such case. Reports in 
the literature show that many of these plastic procedures have been 
undertaken simply because the smallest bougies could not be passed 
through the stricture, and in view of the foregoing facts it would seem 
that many patients have been submitted unjustifiably to operations of 
long duration and considerable risk. No doubt there are rare cases in 
which anatomic impermeability occurs, and the lumen is completely 
occluded or at any rate obliterated to such an extent that all efforts to 
get a silk thread to pass through the stricture are of no avail. On the 
other hand, it should be recognized that in almost all severe cases the 
impermeability is only clinical and not anatomic, and caii he satisfac- 
torily treated by the well tried and successful method which has been 
described. 

If a stricture finally becomes anatomically impermeable, it means 
that the stricture must have passed through the stage of clinical imper- 
meability, at which time it was either neglected or wrong, or insufficient 
treatment was instituted. During its passage from clinical to anatomic 
impermeability, gastrostomy must have been performed ; otherwise, the 
patient would have died from starvation. Hence, all patients who 
have an anatomically impermeable, benign, cicatricial stricture have 
been submitted also to gastrostomy. The question of further siiigical 
intervention by the formation of an artificial esophagus now arises and 

100. Dunham, Theodore; New Instruments for the Treatment of Oesopliapcal 
Stricture, Ann. Surg-. 37:350, 1903. 

101. Mixter, S. J. ; Symposium on the Surgery of the Oesoplingus, from tlie 
Standpoint of the General Surgeon, Tr. Am. Laryngol. A. 31*.342, 1909. 

102. Plummer, H. S.: The Value of a Silk Thread as a Guide in Esophageal 
Technic, Surg. Gyncc. Obst. 10:519, 1910. 

103. Vinson, P, P, ; Personal communication to the author. 
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is dependent on the efficiency of the gastrostomy. Should the patient 
be satisfied with this, nothing further need be done. On tlic other 
hand, should the gastrostomy prove inefficient and bring unbearable dis- 
comfort in its train, then antethoracic esophagoplasly is jtistitiablc. pro- 
vided that the risks and uncertainty of success are pointed out to the 
patient and he is Avilling to allow the surgeon to operate on the chance 
of success, which, if achieved, will allow him to take his place once 
again as a normal person. 

Here a plea is made for the prevention of the progression of benign 
cicatricial stricture to either clinical or anatomic impermeability. So 
often the histories of patients suffering with this condition arc stories 
of neglect, on the part either of the patient or of one or more physicians. 
Rutherford Ulorison’s aphorism “Once a stricture, always a stricture” 
is as true of the esophagus as it is of the urethra, and if such patients 
were told this and were impressed with the likelihood that the stricture 
might become impermeable if not treated properly, there is no doubt 
that their negligence, often the outcome of ignorance, would be largely 
prevented. Thus, regular systematic dilatation could be undertaken and 
started shortly after the onset of the affliction. In this way cases of 
impermeable stricture would be reduced considerably or might be 
abolished altogether, although some authors hold the opinion that in 
rare cases the progression of a stricture to impermeability apparently 
cannot be prevented. 


RESECTIOJT WITH OR WITHOUT ACCOMPAXVING PLASTIC 

OPERATION’S 

The goal for which surgery is ever striving in esophageal work is 
successful resection for carcinoma. The difficulties in obtaining success- 
ful results have been discussed. They are as yet far from being 
sunnoiinted with ani' degree of regularitj'. Judging from the literature, 
it would seem that ever}* method which ingenuity can invent has been 
practiced for the purpose of reestablishing the continuity of the esoph- 
agus after resection either in the dog (the animal most frequently used 
for experimental esophageal surgery) or in man. 

Ccnncal Portion . — The earliest reports concerning resection of the 
cenacal portion of the esophagus are those of Billroth and Czerny.^®® 
Billroth,^®* in 1871, was the first to turn his attention to resection 
0 the esophagus, with extirpation of carcinoma as his ultimate object 

be'ireJd operations on dogs. After exposing the esophagus, 
eed It t rom the surrounding connective tissue, resected about 1.5 cm. 

13:6^ Resection des Oesophagus, Arch. f. klin. Chir. 

tOx Czerny, quoted by von Hacker: Arch. f. Win. Chir. 87:257, 1908. 
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and sutured the cut cuds together. The first dog died in five days from 
a phlegmon of the neck. The second dog fared better; a fistula formed 
which discharged for several months but finally healed, and the do" 
lived 111 health until it was killed. 

In 1877, Czerny,io« one of Billroth’s pupils, was the first to extirpate 
successfully the cervical part of the esophagus for carcinoma in a human 
being. He made the usual incision along the anterior border of the 
left steinomastoid and removed the portion of the esopliagus from just 
below the pharynx to below the thyroid gland, thus being well clear of 
the tuinoi above and below ; in ail, about 6 cm. of the esophagus was 
removed. The distal end of the esophagus was stitched into the lower 
part of the skin wound, and the patient was fed by tube tlirough the 
esophagostomy opening. She died fifteen months after the operation 
from recurrence. 

In 1884, Mikulicz went a step further; he followed resection of 
a cervical esophageal carcinoma with plastic repair of the fistula 
resulting from the operation. Four months after the first operation, he 
cut out the fistula with its surrounding skin, and on each side cut a 
small flap of skin with its base medially. He turned these flaps inward 
so that the epidermis was inside, and sutured their edges togellier. The 
skin lateral to the flaps was drawn together over them by means of 
silver wire sutures. The wound healed by first intention, and after ten 
days the patient was able to swallow solid food. Death from recurrence 
occurred sixteen months after resection. 

Mikulicz’ plastic operation was an afterthought, and von Hacker,'®' 
in 1886 and 1887, appears to have been the first to attempt partial and 
complete removal of the circumference of the cervical jiortioii of the 
esophagus with the express intention of following the operation 
immediately with the replacement of the esophageal defect by the skin 
of the neck. He first experimented on dogs and performed two h’pes 
of operation, either leaving posteriorly a longitudinal strip of esophageal 
wall from 1 to 2 cm. in width or removing the whole circumference. 

In the first type lie reconstructed the posterior esophageal wail by lateral 
flaps of skin. In the second, instead of employing a vertical incision 
in the skin, he made two horizontal incisions distant from one another 
slightl}'^ more than the length of the portion of the esopliagus to he 
resected, tints forming a bridge of skin which when undermined was 
frcel}’’ movable. After resection, the bridge of skin was dropped back 
into the wound, and its upper and lower edges sutured to the poslciioi 
edges of the corresponding esophageal orifices, thus rcconsti ucting the 

106. iAffkiilicz, J. : Ein Fall von Resection ties carciiiom.itO.scn Oe.snpliaRH.s mil 
pl.nstisclicm Er.satz dcs c-vcidirten Stfickes, Prapf. ined. Wcimsclir, ^^-^4 

107. Von Hacker, Ztir Pharynpo- iind OcsophaKoplastik, /cntrall)!. f. 

Cliir. 18:121, 1891. 
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posterior wall of the esophagus. In both types he unclcrtook to recon- 
struct the anterior wall of the esophagus by the lornianon 
tangular flaps of skin, the outer edges of whidi he turned medially and 
sutured together in the median line. The skin lateral to the Haps was 
undenniued enough to permit of its being drawn together over the 
inverted flaps of skin and sutured over them (Blrcher employ cil the 

same principle on a larger scale for his antethoracic skin tube). 

The opportunity to cany out the operation on a human subject 
presently came to von Hacker."®' He formed two rectangular flaps of 
skin before performing the resection, but as he left none of the c.sophag- 
eal wall behind, he brought the flaps together, sutured them in the 
median line and stitched their upper and lower angles to the circum- 
ference of the posterior esophageal wall. Before the second step of 
completing the skin tube by the formation of the anterior wall from the 
flaps of skin, the patient died. 

In 1S9S, Garre"®® published a report of three cases of carcinoma in 
the cen'ical portion of the esophagus, in which he pertormed resection. 
One patient lived for about a year after the operation. In another case 
the larynx was extirpated also and its mucous membrane used success- 
fully for esophagoplast}', being sutured to the pharynx above and the 
esophagus below, thus forming a new posterior esophageal wall. 

In 1908, von Hacker "®® reported the work done up to that time on 
resection of the cendcal portion of the esophagus. .•Mtogetlier, he 
reviewed twenty-five cases from the literature. In almost all of them 
plastic repair had been attempted, but was completed in only a few cases. 
The most interesting fact to be gleaned from his report is that, except 
for his own second case, Czerny’s patient lived the longest after opera- 
tion (fifteen months). That this patient thirty-one years prer’iouslj' had 
been the first to undergo resection of the cervdeal portion of the 
esophagus indicates dearly the lack of progress in this type of surgerv 
up to this time. In 1908, von Hacker described his second case, in 
which, after preliminary gastrostomy, resection of nearly all tire cen-fcal 
portion of the esophagus was undertaken, together with the total extir- 
pation of the larr-nx and the trachea down to a short distance above the 
jugular notch. The trachea ^Yas sutured to the skin, and the first stage 
ot the plastic operation was done by suturing a right-sided rectangular 
lap of skin into the esophageal defect. Later he performed the se'cond 
stage, completing the formation of the tube of skin by turning inward the 
wo rectangular flaps of skin, joining them together in the median line 


Uin'mCk™, im" Oe»phag„,la»tlk, Arab. f. 
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and covering them with two lateral flaps, one longer than the other, so 
that the suture line was to one side and not in the median line. The 
third stage consisted in completing the juncture between the pharynx and 
skin tube. After fourteen months the patient had gained 19 Kg. (40 
pounds), and on examination at the end of sixteen months after the 
operation was in good health. 

In 1911, Lane introduced the single skin-flap method for plastic 
repair after resection of the cervical portion of the esophagus He cut 
a horizontal flap 5 cm. deep and 12.5 cm. long with its base to the left 
of the neck. The flap was then reflected toward its base. The upper 
part of the esophagus was exposed and the carcinoma removed with a 
margin of uninvolved esophageal wall. The removed segment of 
esophagus was then replaced by folding the flap in the form of a tube in 
the longitudinal axis of the esophagus. The upper margin was sutured 
to the pharynx and the lower to the divided esophagus. After a sufficient 
interval for firm union of the skin esophagus to the portions of the 
normal esophagus at the lines of section, the attachment of the skin 
flap by its base to the skin of the neck was divided, and any lateral 
aperture which remained in the skin esophagus was closed. The danger 
of necrosis of the skin flap is in direct proportion to its length. The 
patient progressed for some time, but death occurred seven months after 
the operation from perforation of the carotid artery due to recurrence 
of the growth. Two years later, Ach attempted an operation similar 
to that of Lane. His patient died soon afterward. 

In 1913, Gluck, commenting on the 48 per cent operative mor- 
tality among the twenty-five cases reviewed in the literature by von 
Hacker in 1908, reported that be had operated in forty-seven such 
cases with only five deaths. 

The experiments which have led to the attempted replacement of a 
resected portion of the esophagus by fascia had their origin in those of 
Konig,^^® in 1911, who successfully reinforced esophageal suture lines by 
a flap of cervical fascia and platysma. Kostenko and Rubaschew 
went a step further and succeeded in replacing small oval resected por- 

no. Lane, W. A.: Excision of a Cancerous Segment of the Oesophagus, 
Restoration of the Oesophagus by Means of Skin Flap, Brit. M. J. 1:16, 1911. 

111. Ach, A.: Beitrage zur Oesophagus-Cbirurgie, Munich, J. F. Lehmanns, 
1913, 132. 

112. Gluck: Ueber Oesophago-, Pharyngo- und Laryngo-plastik, Bcrl. klin. 
Wchnschr. 35:938, 1898; Erfahrungen auf dem Gebiete der Chirurgie dcr obcren 
Luft- nnd Speisewege, ibid. 50:953, 1913. 

113. Kdnig, Fritz: Neue Wege der plasfichen Chirurgie (Vcrlothung und 
Ueberbriichung), Arch. f. klin. Chir. 95:326, 1911- 

114. Kostenko, M. F., and Rubaschew, S, M. : Ueber die freic Fascicnfrans- 
plantation, abstr., Zentralbl. f. Chir. 39:1448, 1912. 
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tions of the cen-ical part of the esophagus. Razzahoni.’'" using the 
peritoneum and sheath of the rectus abdominis, and Xculiof.”" witli 
autogenous fascia lata, did similar work. 

Allen,^^" in 1923 , was the first to attempt the c.xperimental replace- 
ment of the whole circumference of the resected esophagus in autog- 
enous fascia lata. His efforts to do this in one stage were all failures 
because of fatal cellulitis and mediastinitis. He therefore devised a two- 
stage method, first placing two tubes of fascia around the csoiihagus. 
the outer tube being the longer. After several da3's he split the outer 
tube and removed the inner with the esophagus contained in it. Bj' this 
method most of the animals survived, although stenosis developed in all 
cases. Later, Allen developed a technic for removing a portion of 
esophagus inside a fascial sleeve without splitting the sleeve. He placed 
two stout ligatures around the esophagus a short distance apart, enveloped 
this portion by a sleeve of fascia lata, and brought out the ends of the 
ligatures through the fascia. After a few da\‘S the ligatures were tied 
tightly, and the esophagus sloughed between them, the necrotic tissue 
being swallowed. In turn of seven cases he failed to secure sloughing, 
because the ligatures were not tied tightly enough. In the remaining 
five cases, stenosis developed. 

Neuhof and Ziegler advocated a granulation tube method for 
reconstruction of the esophagus after resection. The first stage con- 
sisted of isolating the esophagus and packing it oft from the sur- 
rounding structures. A week later, the packs were removed and 
granulation tissue had formed under them. The segment of esophagus 
was then excised, and a soft rubber tube securely sutured in its place. 
Granulations formed around the tube, which became loose and was 
removed. A fistula formed but finalh' closed completely. All the ani- 
mals sur\'ived this two-stage operation, although all attempts to per- 
form it in one stage ended in fatal cellulitis. 

Schonbauer and Orator performed experiments similar to those 
of Allen,^=’^ using an inner and outer tube of peritoneum. One animal 


115. Razzaboni, Giovanni; Ricerche sperimentali sull’autoplastica esofagea per 
mezzo del trapianto di lembi liberi musculo-aponeurotico-peritoneali Polidinico 
24: (Sect. Chir.) 417, 1917. 


116. Neuhof, Harold: Fascia Transplantation into Visceral Defects: An 
' xperimental and Clinical Study, Surg. Gj-nec. Obst. 24:383, 1917. 

11/. Allen, D. S.; Experimental Reconstruction of the Esophagus with 
- utogenous Fascia Lata Transplants, Ann. Surg. 76:157, 1922. 

Further Experimental Reconstruction of the Esophagus with 
Autogenous Fascia Lata Transplants, Arch. Surg. 10:374 (Jan.) 1925 

Oe^onlnt^^hf Experimental Reconstruction of the 

no c^i Granulation Tubes, Surg. Gjmec. Obst. 34:767, 1922. 

Oe.nni Leopold, and Orator, Viktor : Peritoneal’ Transplantation 
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‘-L -Allen (footnotes 117 and 118). 


zur 



88 


ARCHIVES OF SURGERY 

lived for a year. Ihe latest report in the literature on experimental 
surgery of the cervical portion of the esophagus is that of Carrington.^-- 
Aftei clamping the esophagus with two Kocher clamps, he placed a row 
of inteiiupted silk Lembert sutures all around and then cut through 
the esophagus between the clamps. The sutures were drawn tiglitly 
and the clamps i eleased and withdrawn. The sutures were again drawn 
tightly as the clamps were removed, and this time were tied. Another 
similar layer of interrupted Lembert sutures was placed outside the 
first row. Each suture included muscle and adventitia. The wound in 
the neck was closed tightly. The experiment on only one dog was 
successful ; fatal mediastinitis developed in all the other dogs, or, more 
commonly, sloughing of the esophagus that failed to hold. Carrington 
then changed his technic. After mobilization, the esophagus was sur- 
rounded by two narrow tapes about 5 cm. apart tied tightly enough to 
prevent leakage without injury of the muscular coat. An antiseptic 
solution, such as mercurochrome-220 soluble or a weak solution of 
iodine or chlorine, was introduced through a needle into the esophageal 
lumen between the two tapes. After time had elapsed for sterilization, 
the esophagus was divided and cut ends sutured together with three 
rows of sutures, the first continuous through all layers, the second 
an interrupted Lembert suture and the third consisting of six Lembert 
sutures which took in a long bite of tissue and were drawn only 
sufficiently tight to relieve the tension on the first two rows. Of 
eighteen such operations, he succeeded in nine; in most of the nine 
failures the esophagus was totally or partially divided, with resultant 
extensive cervical infection often associated with purulent mediastinitis. 
In one case only was there marked stricture, and even then the dog 
was kept in excellent condition. Carrington always sutured the cut 
ends of the esophagus with the viscus fully expanded, and it was on 
this part of his technic that he explained the absence of stricture in his 
results. 

Thoracic and Cardiac Portions (End-to-Eiid Anastoniosis). 
Although the cardiac portion of the esophagus is intrajjeritoneal, tiie 
operations on it and on the intrathoracic portion are so intimately con- 
nected that the operative procedures on these two parts of the esophagus 
will be considered simultaneously. 

Resection of the thoracic and cardiac portions of the esophagus 
followed b}'- end-to-end anastomosis has not yet passed beyond the 
experimental stage, as the clinical indications for its performance are 
not likel}" to be encountered frequently. 

122. Carrington, G. L.; Experimental Surgery of tlie Esopliagus ; Sonic 
Factors and End Results, Ann. Surg. 86:50.*;, 1927. 
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In 1901 Dobromysslow reported the first successfvil intruthoradc 
suture oi a resected esophagus. He made a large sklu (lap vvaU its 
base posteriorly, extending from the sixth to the tenth rib «rl,cal y; it 
rvas about from 10 to 15 cm. in length. RcsecUon ot die ribs jirobahly 
followed, although this was not mentioned. After incising the parietal 
pleura and laying bare the Imver part of the esophagus, he divided the 
vagi and resected from 3 to 4 cm. He united the ends by two rows of 
silk sutures. Before the thoracic flap was sutured in place, the air 
was sucked out of the pleural cavity by negative pressure. 1 hree week.s 
later, complete union of the suture line was found to have taken place, 
with slight proximal dilatation of the esophagus. 

In spite of this apparent mastery of intrathoracic esophageal surgery, 
subsequent work in the same direction has not fulfilled the promise of 
success which Dobromysslow’s perfonnance seemed to give, even though 
shortly afterward the differential pressure chamber invented by Sauer- 
bruch and the positive pressure apparatus of Brauer came into use and 
by their prevention of collapse of the lung during operation and pneumo- 
thorax afterward gave a great impetus to intrathoracic surgery. 

In 1905, Sauerbruch published two articles dealing with his 
experimental intrathoracic work on dogs. He introduced the intercostal 
incision in place of the more tedious and mutilating flap and resection 
method. Opening a pleural cavity through an intercostal incision is so 
simple and gives such excellent exposure of the thoracic part of the 
esophagus that it has been universally adopted in experimental work. 
Sauerbruch first of all tried end-to-end suture of the esophagus after 
resection and met with little success as his sutures continued to tear out. 

In 1913, Omi and Karasawa^-® obtained some surprisinglv good 
results in experimental operations on the thoracic portion of the esopha- 
gus. Thev used silk sutures in three lavers. the first throush the 
mucosa, the second through the muscle and adventitia and the third a 
continuous external Lembert suture. Of nine dmsions of the esophagus 
'vilh end-to-end anastomosis, seven were successful. In consequence of 
their results, they felt that a carefully made suture of the esophagus is 
•'sufficiently reliable to warrant its adoption in operations on human 
beings. 


123 Bobromysslow, lY. D.; Ein Fa!i von transpleurakr Oesophagotomie im 
Brustabsdmitte, abstr., Zentralbl, {. Chir. 28:18, 1901. 

124. SauwbrucK F.: Die Chirurgie des Brustteils der Speiserohre- Eine 
xper^cmelle Swdw, Beitr. z. klin. Chir. 46:403. 1903: Die Anastomose zwischen 
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Thoracic and Cardiac Portions (Esophago(jasfrostomy).~Eso^\-i3.go- 
gastrostomy as a method of restoring the continuity of the alimentary 
tract after resection of the thoracic portion of the esophagus has proved 
more popular than any other operation for this purpose. 

Biondie, ^ in 1895, was the first to carry out this procedure, per- 
foi'ming it on dogs. To him also goes the credit of being the first 
to expose the esophagus by the transthoracic route. He employed a 
pai avertebral incision followed by the resection of two or three ribs 
and incision of the parietal pleura. The stomach was pulled up through 
the diaphragm, the lower end of the esophagus cut through and the oral 
end sutured into the fundus of the stomach, which was then replaced 
in the abdomen. Biondie stated that the technic was difficult, particularly 
on account of the movement of the diaphragm, and pointed out that in 
the human subject the amount of esophagus to be resected for carcinoma 
might be so great that replacement of the stomach in the peritonea] 
cavity after the esophagogastrostomy might not be possible. 

In 1904, Mikulicz gave an account of his researches in intra- 
thoracic surgery carried out in the Sauerbruch differential pressure 
chamber. He pointed out that it is difficult enough to reunite a tran- 
sected esophagus because of tension, but much more difficult to reunite 
one in which a portion has been resected. Therefore he let alone the 
direct juncture of the two ends after resection and devised two other 
methods of dealing with the problem, the choice of method depending 
on whether the portion to be resected was at the lower end or higher 
up in the thorax. In the first case, after opening the pleural cavity, 
he pulled up the stomach and anastomosed it to the oral end of the 
resected segment of the esophagus. He found that in dogs and cadavers 
a good part of the cardiac end of the stomach could be drawn up into 
the pleural cavity. The wall of the stomach was stitched to the margin 
of the diaphragmatic opening, and the esophagogastric juncture remained 
within the pleural cavity. One dog in which this operation was per- 
formed had, at the time of writing, lived six weeks without any dis- 
turbance of digestion or nutrition. Another animal, in which 2.5 cm. 
of the lower end of the esophagus had been removed and esophago- 
gastrostomy performed in this way, lived four weeks, and at necropsy 
the suture line was found to be intact and moderately stenosed. Disease 
of the lungs or pleura was not present. Mikulicz suggested that the 
displaced stomach might be replaced in the abdomen and the diaphrapn 
sutured to the esophageal wall above the esophagogastric juncture wliich 
would thus become intraperitoneal. He performed this operation several 
times. 

128. Voelcker : Uebcr Exstirpation der Cardia wepen Carcinom.s, Verliandl. d. 
Vcrliandl. d, deutsch. Gesellsch. f. Chir. 27:252, 1898. 
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In 1905 Saiierbruch/-" because he considered tension the mam 
cause of failure in his tvork on end-to-end anastomosis ot the esopiingus 
alter resection, brought up the stomach into the pleural cavity and 
anastomosed the oral end of the resected segment of the esophagus to 
it both by end-to-end anastomosis and by implanting the esophagus into 
the stomach like the tube in a Witzel gastrostomy. In most of bis 
experiments the sutures tore out. These failures led him to adopt the 
button tor intestinal anastomosis. This proved so successful that he 
abandoned the use of sutures altogether. He stated that he had operated 
on eleven dogs without a death, although more than 7 cm. of the 
esophagus was resected. He also introduced a two-stage operation for 
the removal of tire cardiac portion of the esophagus. Ihe first stage 
consisted of thoracotomy with transection of the lower part of the 
esophagus and inversion of the lower end into the stomach followed by 
esophagogastrostomy. The second stage was undertaken after fourteen 
days, at which time laparotomy was performed, the stomach ojicned and 
the intragastric esophageal projection cut off ; the stomach and laparot- 
omy wound were closed. He performed this operation on cadavers and 
believed it to be feasible on the living subject. He mentioned clinical 
experience in three cases in which thoracotomy had been performed 
with a view to resection of esophageal carcinoma. All three tumors 
proved to be inoperable, and all the patients died. 

In 1907, Wendel operated on a patient who had carcinoma of the 
cardia and lower end of the esophagus ; he used the transpleural route, 
bringing up the stomach through the diaphragm. After resection of the 
grouih, he closed both the esophagus and the stomach and performed 
lateral esophagogastrostomy by means of a button. The patient died 
the next day of hemorrhage. This is the first case reported in which 
this operation was performed on a living subject. 

In 1908, Voelcker ’•-® reported the first successful case of extirpation 
of a carcinoma of the cardia following trvo failures. After laparotomv 
through an incision parallel to the left costal margin, he cut the cardia 
below the tumor, freed the esophagus at its hiatus and pulled down 
about 4 cm. Then the esophagus was cut through above the tumor, 
Mtd Us oral end anastomosed to the stomach near its greater cun'ature. 
'gastrostomy was performed near the pyloric end. After four weeks of 
'ceding through the fistula, nutrition by mouth was begun. In another 
''lonth the fistula closed, and the patient ate normally. Data concerning 
us case have not appeared in the literature subsequently. 
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In 1909, Meyer emphasized the importance of avoiding contami- 
nation of the mediastinum and pleura with the highly infectious esophag- 
eal mucous secretion, and devised a method of esophagogastrostomy 
whereby he sought to achieve this end. The essential points were : 
(1) drawing up the stomach into the pleural cavity and suturing the 
diaphragmatic peritoneum to the wall of the stomach; (2) division of 
the esophagus below the supposed tumor between a clamp below and a 
ligature above followed by inversion of the distal stump; (3) division 
of the esophagus above the supposed tumor between the clamp below 
and a ligature of absorbable catgut above; (4) incision of the stomach 
through serosa and muscularis and suture of the upper edge to the 
posterior wall of the esophagus with two layers; (5) opening of mucous 
membrane of the stomach and introduction of the ligated oral end of the 
esophagus, and (6) completion of the esophagogastric juncture by two 
layers of sutures between the lower edge of the incision in the stomach 
and the anterior wall of the esophagus. In six dogs operated on by 
this method, two functioning anastomoses were obtained. Meyer sug- 
gested: 1. Stricture may be avoided by dividing the esophagus with 
scissors instead of cautery, as burns show a greater tendency to contract 
than cuts, and that the esophagus should be divided obliquely instead 
of at right angles to its longitudinal axis if length permits. 2. Contrac- 
tion of the gastric wound around the esophagus can be averted by 
elliptical excision of the serosa followed by a linear incision of the 
mucosa. 

In 1909, Janeway and Green operated on a large series of dogs, 
performing intrathoracic esophagogastrostomy alone; after resection of 
the lower part of the esophagus they used a specially designed button 
and reinforced the anastomosis thus made by suture. In sixty-nine 
operations, they successfully accomplished resection of the cardia and 
lower thoracic portion of the esophagus in four cases and lateral 
anastomosis without resection in six. They stated that their work 
demonstrated that speed, absolute asepsis and scrupulous care in the 
minimizing of trauma are essentials of success in esophageal operations. 
For these reasons, they adopted the button instead of sutures for 
anastomosis. 


129. Meyer, Willy: Oesophagogastrostomy After Intratlioracic Resection of 
the Oesophagus, Ann. Surg. 50:175, 1909; Cancer of the Esophagus from the 
Standpoint of Intrathoracic Surgery: A Report of Four Resections, Surg. Gynec. 
Obst. 15:639, 1912. 
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In 1909, TiegeP®^ also used a modification of the button for 
intestinal anastomosis ^Yith some success, employing surgical procedures 
similar to those of Janeway and Green. He performed this type ot 
operation once on man. The patient died eleven hours afterward. 

In 1918, Bircher^^- resected two carcinomas which involved the 
lower end ot the esophagus and the cardiac part of the stomach. His 
technic was similar to that of Yoelcker,^"-^ in 190S ; he used the abdominal 
route and avoided opening the pleural cavity. In the first case, the 
esophagus was freed at its hiatus and easily drawn down aboie the 
upper limits of the tumor. This was then removed, the esophagus 
closed by ligature and the wound in the stomach closed, except for 
about 3 cm. near the greater cunmture. Five long sutures were intro- 
duced into the wall of the esophagus, and an incision 2 cm. long was 
made on the anterior wall of the stomach about 5 cm. below the upper 
opening. Forceps were introduced through the lower opening in the 
stomach, passed through the upper opening and the long esophageal 
sutures seized. The esophagus was brought within the stomach through 
the upper opening by traction and made fast to the stomach after the 
manner of a Senn gastrostomy, three rows of sutures being used. A 
fourth row of sutures attached the stomach to the diaphragm all 
around the esophagus, thus completely covering it wnth peritoneum. The 
long esophageal sutures were cut, and the lower part of the opening 
in the stomach was used for a Kader type of gastrostomy. The 
■- patient, a woman, aged 63, was able to eat any kind of food one month 
after operation and surrdved for eighteen months. In the second case, 
Bircher used almost the same technic, except that he implanted the 
esophagus into the stomach after the manner of Witzel’s gastrostomy. 
The patient died of cardiac insufficiency three days after the operation. 
At necropsy, the stomach was found adherent to the diaphragm. Bircher 
said that for primar}^ union, operation should take place through the 
abdomen, and an attempt should be made to avoid the thorax entirely. 
Yhereas Voelcker was satisfied with two layers of sutures for the 
implantation of the esophagus, Bircher used three, so that the esophagus 
I'as covered with peritoneum as much as possible. 

In 1919, Bengolea removed a carcinoma of the thoracic portion of 
the esophagus in a woman, aged 37, by the transpleural route, usincr a 
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Torek incision. The stomach was brought up through the diaphragm 
and esophagogastrostomy performed with the aid of a wooden bobbin 
placed in the oral end of the esophagus, wliich was invaginated into an 
opening on tlie fundus of the stomach. Closed drainage was used in 
accordance with Kenyon’s technic. This proved inefficient, and, the 
wound bad to be reopened, when serosanguineous fluid, which later 
became purulent, was evacuated. The patient died thirty-seven days 
after the operation. 

In 1920, Kirschner used an abdominothoracic route to operate in 
two cases of carcinoma of the lower end of the esophagus also involv- 
ing the cardiac part of the stomach. The incision began about midway 
between the xiphoid process and umbilicus, extended laterally to the 
left costal margin and from there along the seventh intercostal space. 
After dividing the diaphragm down to the esopliageal liiatus, he freed 
and removed the tumor. He then mobilized the stomach according to 
his method, which has been described. The oral part of the esophagus 
was extracted through the neck, after the manner of Ach,“^ and brought 
downward under the skin of the chest. The mobilized stomach was 
then brought up onto the anterior thoracic wall subcutaneously, with 
the ultimate aim of joining the esophageal and gastric orifices by skin 
esophagoplasty, thus making a new artificial esophagus. The first 
patient died the day following operation, and the second survived five 
days. In the second case, the lower 3 cm. of the subcutaneous ora] end 
of the esophagus necrosed, but the stomach was in good condition. 
Mediastinitis was present. 

In 1922, Kummell, Jr.,^^"* introduced a new method for the operative 
treatment of carcinoma of the thoracic or cardiac portion of the esopha- 
gus. After freeing the esophagus in the neck and at the diaphragmatic 
hiatus, he mobilized the stomach after the manner of Kirschner. One 
index finger was inserted downward into the cervical wound along the 
esophagus and the other upward through the hiatus. Working with 
these fingers, he separated the esophageal wall from its surrounding 
mediastinal tissue until the two index fingers came in contact with one 
another, the esophagus being thus loosened in its bed. It was pulled 
upward until the cardia appeared in the cervical wound, so that the 
stomach now filled the mediastinum. The tumor was resected and 
esophagogastrostomy performed, the line of suture being extrathoracic 
and not to be replaced in the wound until it was known to hold. In 
this way Kummell completed the immediate formation of a new esopha- 
gus in one stage ; he believed that the stomach acts as a good tampon to 
stop bleeding from the esophageal bed. In spite of the fact that the 

134 . ICiimmeJI, Hermann, Jr.; Operation ties Oesopliagu.skarzinoms, Deutsche 
mcd. Wchirschr. 36:1886, 1910; Ueber Intrathorakalc OesophaRUspInstik, Bcitr. /. 

Win. Chir. 126:264. 1922. 



five dogs 


SAINT— SURGERY OF ESOPHAGUS 

aod uvo patients operated on in this way died of rupture oi the 
pleura with hematothorax within twenty-tour hours of the operation, 
Kummell ^Ya 5 enthusiastic, and said that the advantages ot Ins nietho( 
lay in the avoidance of the larger mutilating operations; the extra- 
thoracic opening and juncture of the stomach and the esophagus, with 
prevention of the dreaded lethal mediastinitis due to suture or button 
insufficiency; the relatively rapid completion in one stage, and the 
immediate formation of a useful esophagus. In his experiments on 
animals and in clinical cases, he did not notice a disturbance in the 
nutrition of the wall of the mobilized and displaced stomach. 

In 1923, Miller and Andrus performed intrathoracic csophago- 
gastrostomy experimentally on dogs. They used the bulkhead suture 
of Halsted for the anastomosis. After the lower part of the esophagus 
had been resected and the cardiac stump inverted, the site on the stomach 
for the implantation of the esophagus was selected, and a circular area, 
about twice the size of the esophageal lumen, was outlined by an 
incision which passed through the serous and muscular coats. A tempo- 
rary occluding ligature was obtained by threading a needle with strong 
silk and grasping the tissue in the bed of this incision at close intenmls. 
The lumen of the esophagus was closed in a similar fashion at the upper 
limit of the proposed resection. Both the stomach and the esophagus 
were cut away just distal to the occluding ligatures ; the resultant stumps 
were cauterized with cauter)- and phenol and brought into apposition 
by mattress sutures of fine silk. Just before the last two or three of 
these sutures were tied, the loop of each occluding ligature was drawn 
into plain view and cut and these threads pulled out; the lumen was 
thus reestablished. Care was taken to grasp the submucosa with the 
first sutures ; then followed a row of sutures which grasped the muscular 
coats of the stomach and esophagus. The operation was performed 
eighteen times. Four dogs died within a few hours from shock and 
hemorrhage, and three other operations failed, twm because of tension 
and one because of the occurrence of gangrene in the part of the gastric 
"all involved in the suture. All of the remaining eleven dogs showed 
an intact suture line and functioning anastomosis, despite the occurrence 
ot death from infection, dilatation of the stomach and diaphragmatic 
lernia. Reference has been made to the work of these authors on the 
structure of the esophagus of human beings and the mobilization of 
tc stomach. They concluded that resection and suture in situ of the 
ejop lagus were not beyond the bounds of possibility but rather offered 
uelimte grounds for hope. 

the esophagus with 

X eqnent esophagogastrostomy, Heuer, Andrus and Bell,«= in 1925, 
t35. Heuer, G, J.; .Andrus, W. D. W.. and Bell H r • tv, tr 

tad of me Oesophagus, Ann. Surg. 81:273, 1925. 
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sought to convert the procedure into an abdominal operation by the 
upward transplantation of the diaphragm, hoping in this way to avoid 
the well recognized danger of intraplantation of the diaphragm and to 
test the feasibility of the procedure, and later to perform intra-abdominal 
esophagogastrostomy after resection of the esophagus. In the first series 
of dogs, the thorax was entered on the left side, and the periphery of 
the diaphragm was detached from its costal attachment and sutured to 
the parietal pleura at a higher level. In the second series, these authors 
not only transplanted the left half of the diaphragm, but also divided 
it down to the esophageal hiatus, freed the lower part of the thoracic 
esophagus, and sutured the diaphragm to its wall at a higher level. In 
a third series, freeing the esophagus only at its hiatus accompanied 
the upward transplantation of the diaphragm. In the first series, good 
results were obtained. In the second, there was a mortality of about 
30 per cent, the result of infection; postoperative vomiting was common, 
apparently due to constriction of the esophagus at its new hiatus. One 
case of diaphragmatic hernia occurred in this series. Two dogs com- 
prised the third series ; both recovered promptly from the operation 
without vomiting and were killed later. Diaphragmatic hernia was 
found in one case. 

In six animals of the second and third series, intra-abdominal 
esophagogastrostomy was performed after resection of the lower part 
of the esophagus. The Halsted bulkhead type of suture was used as 
in the intrathoracic work of Miller and Andrus. An intercostal incision 
was made into the abdomen, and comment was made on the good 
exposure obtained and the fact that the operation was not difficult. 
The authors submitted a patient suffering from carcinoma of the lower 
end of the esophagus to this two-stage procedure. Although the his- 
tory was only of two months’ duration, the tumor was 7 .5 cm. long and 
5.5 cm. in diameter. Besides upward displacement of the diaphragm, 
the tumor was freed and the diaphragm sutured to the esophageal wall 
above it. The second stage was not undertaken, as the patient died 
forty-eight hours after the first operation. At necropsy, gangrene was 
found involving the proximal half of the growth and extending upward 
on the uninvolved esophagus to a point about 1 cm. above the new 
hiatus. At one point on the right anterolateral wall, perforation had 
occurred in the gangrenous area allowing leakage into the pleural and 
abdominal cavities. They concluded that it would be better to leave the 
freeing of the esophagus from its bed until the second stage. 

In 1926, Fischer introduced still another technic for the safe 
anastomosis of the esophagus and stomach intrathoracicall 3 ^ After 

136. Fischer, Herman: Esophageal Implantation into Stomach After Intra- 
thoracic Resection of the Esophagus for Carcinoma: A New Method, Arch. Surg. 
12:241 (Jan.) 1926. 
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opening the pleural ca^hty by Sauerbruch or Torek s incision, he per 
formed left phrenicotomy ; this operation, by abolishing the respirator, 
movements of the side of the diaphragm, relaxes that structure, inakmg 
• the subsequent fixation of the stomach to its cut edge and ensuring 


easier 


undisturbed healing of the anastomosis. To effect this, he cut a sero- 
muscular quadrilateral flap from the upper part of the stomach with its 
base downward, and to the denuded submucosa he sutured the sides ot 
the oral end of the esophagus, only its distal part entering the lumen 
of the stomach through a small incision in the submucosa, near the base 
of the flap. The flap was then sutured over the esophagus and broad 
Lembert sutures covering the flap finished the anastomosis. The suture 
which occludes the oral end of the esophagus is of plain catgut, which 
wall be digested by the gastric juices in a few hours, and thus the 
esophageal lumen will be rendered patent. From experimental work 
done on the cadaver, Fischer has satisfied himself that his technic is 
feasible and not difficult. 

In 1927, Gohrbandt described an operation for carcinoma of the 
lower end of the esophagus somewhat similar to that of Kummell 
in that the mobilization of the viscus was carried out in the same way, 
namely, by the insertion of one forefinger down from the wound in the 
neck, and the other up through the diaphragmatic hiatus and by a 
circular and progressive motion eventually bringing about the meeting 
of the fingers near the level of the hilum. The esophagus was then 
pulled down and the tumor resected in the peritoneal cavity^. A Babcock 
probe was then introduced through the neck along the side of the esopha- 
gus into the abdomen and firmly sutured to the distal part of the oral 
end. The probe was drawn up out of the wound in the neck, bringing 
the esophagus along wdth it. The esophagus was then transposed under 
tlie skin of the anterior thoracic rvall. A portion of the stomach rvas 
drawn up under the skin for later plastic anastomosis wdth the ante- 
thoracic esophageal stump. The patient w'as to be nourished through 
a itzel gastrostomy until the anastomosis was completed. 

Gohrbandt reported six cases. In the first case, a carcinoma situated 
just above the cardia was resected intra-abdominally and esophagogas- 
trostomy performed; the patient lived for six months after the opera- 
tion and died of an intercurrent disease. By the tunneling method 
described, the author attempted the removal of five carcinomas. Of 
tiese tw-o proved to be inoperable; one patient died of pneumonia 
nee days after the operation; in another the tumor perforated while 
jmg loosened with a fatal result, and in a third case, death occurred 

thoracl”^? f operation from a phlegmon of the ante- 
anastomosis of the stomach and esophagus. 
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Thoracic and Cardiac Portions (Transposition of the Oral End) 

In 1898, Levy devised an ingenious, although rather impracticable, 
method of removing the thoracic part of the esophagus in dogs. He 
first performed gastrostomy and afterward severed the esophagus in 
the neck, suturing the oral end to the skin. He next brought a thread 
that had been introduced into the aboral end of the divided esophagus 
througli a stomach tube out of the gastrostomy opening. He closed 
die upper end of the lower part of the esophagus in the neck by tying 
it with the thread. By pulling slowly on the thread, he inverted the 
esophagus and gradually pulled it out through the gastrostomy opening. 
When the cardiac part appeared, he ligated and cut the stump, sliding 
it back into the stomach. One of the animals lived six weeks. Levy 
tried this method on the cadaver, but he did not succeed in pulling out 
all the esophagus as he had done in dogs, as the outer longitudinal 
muscle fibers separated and remained behind. Consequently, he con- 
cluded that the procedure was not possible in man. 

Mikulicz,^®® in 1904, was the first to introduce antethoracic sub- 
cutaneous transposition of the oral end of the esophagus after resection 
of its upper thoracic part. After intrathoracic resection, both ends were 
inverted and the thorax closed. The oral end of the esophagus was 
then brought out through an incision at the anterior border of the left 
sternomastoid muscle. Mikulicz said that because of the loose attach- 
ment of the esophagus in the mediastinum he succeeded without 
difficulty. Then the bared esophageal stump was brought under the 
skin in front of the pectoralis major and its end fixed to the edges of a 
small transverse incision over the second intercostal space. The wound 
in the neck was closed tightly. It was later proposed to make a plastic 
juncture between the esophagostomy and a gastrostomy opening which, 
of course, had to be performed to provide the animal with nourishment 
temporarily. 

In 1904, Kelling"^® also introduced a method of transposition of 
the oral end of a transected esophagus. He believed that the opening 
of the esophagus within the thorax was the chief factor of the high 
mortality consequent on intrapleural esophageal operations, since infec- 
tion of the pleura or mediastinum was almost certain to occur. There- 
fore, he sought to operate aseptically in the pleural cavity and 
mediastinum by refraining from opening the esophagus here. He 

138. Le\w, William: Versuche fiber die Resection der Speiserdhre, Arch. f. 
Win. Chir. 56:839, 1898. 

139. Mikulicz, von; Chirurgische Erfahrungen fiber Sa^crlmidi sche 

Kammer bei Unter- und Ucberdruck, Verhandl. d. dcutsch. Geselfsch. f. Our. 33. 
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140. ICelling, Georg: Zur Frage der intratliorakalcn Operation dor Spciser- 

ohre. Zcntralbl. f. Chir. 31:609, 1904. 
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perionned an intrathoracic operation and loosened the tumor irom Us 
surrounding tissues, dosing the thorax immediately afterward. The 
abdomen was then opened and the esophagus freed from the diaphragm. 
The cardiac portion of the esophagus was dwided and the distal end 
dosed; in the oral end he placed a wooden cylinder, and after tying 
the esophagus around this, he endosed the end in a rubber membrane. 
He now pulled on a thread which had previously been passed down the 
esophagus and fastened to the wooden cylinder. The latter was pulled 
up, drawing wdth it the esophagus which was pulled out through an 
incision in the neck and after resection of the tumor drawn through 
a tunnel under the skin of the chest, being sutured to the edges of a 
transverse incision in the skin. He performed a skin esophagoplasty 
between the esophagostomy and the gastrostomy openings, with poor 
results. 

In 1910, Wendel performed operations in two cases of thoracic 
esophageal carcinoma, in each case bringing one end of the resected 
esophagus into the thoracotomy wound with a view to a future plastic 
operation. In the first case, the carcinoma was at the height of the 
bifurcation of the trachea; after the esophagus had been cut through 
below the tumor, the aboral end was brought forward into the thora- 
cotomy wound in the anterior axillary line and sutured in position. The 
oral end of the esophagus was brought upward through an incision in 
the neck after the preViminar)- freeing from its surrounding tissues, and 
the tumor was then resected extrapleurally. The esophagus was then 
stitched into the wound in the neck. Death occurred from bilateral 


pneumothorax nine hours after the operation. In the second case, the 
carcinoma was in the lowest part of the thoracic portion of the esopha- 
gus. After the esophagus was cut through above the tumor, the aboral 
end was closed and the oral end was brought forward and sutured into 
the thoracotomy wound. Through a laparatomy incision, the tumor was 
pulled down and extirpated together with part of the cardiac end of 
the stomach. The wound in the stomach was reduced in size to that of 


a gastrostomy opening and sutured into the abdominal wall. The 
patient surr-ived the operation only t\venty-four hours. Collapse of the 
left lung was found at necropsy. 


In 1913, Ach“^ and Zaaijer»= succeeded in removing a carcinoma 
the cardiac portion of the stomach and esophagus. Torek removed 
a carcinoma from the thoracic portion of the esophagus. Ach planned 
__oi^on so that the pleural caviu- should not be opened, working 


Wl. Wcndcl. W.i Zur aWgie des Oesophagus, Arch. f. klin. Chin 93:311, 
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only in the neck and al3domcn ; he decided lo remove tlie upper portion 
of the e.so])hagus by invagination. He performed the operation first 
on dogs and tlien on four patients, A long laparotomy incision was 
made ])arallcl to the left costal margin. The cervical portion of the 
esoph.'igus was then exposed and mobilized by blunt dissection. The 
coslnl margin was retracted well upward so that good exposure was 
obtained. The dinpUrngm around the esophageal hiatus was freed and 
the tumor pulled down, both vagi being cut. "i'hc esophagus was clamped 
above the tumor, and a ligature about 1 meter long was tied around 
the esophagus above the clamp. A second clamp was applied above 
the tumor and the esojihagus divided between them. A long flexible 
steel rod with an e 3 'c in its end was jiasscd down the e.sophagus until 
it came in contact with the ligated oral end. A suture was passed 
through the esophageal wall, and the eye of the rod and was left about 
12 cm. long. The rod was carefully withdrawn; the suture, as it was 
pulled taut, inverted the walls of the esophagus, 'J'he whole esophageal 
tube was thus extracted until the lower invaginated end appeared in 
the cervical wound, when the extraction censed. The long ligature was 
secured from the invaginated funnel and fixation suture through the 
eye of the sound cut by the ancstheti.st. By pulling on the ligature, the 
invaginated eso])hagus was evaginated through the cervical wound and 
drawn through a tunnel under the skin of the sternum to a small trans- 
verse iucisiou through which it was brought onto the surface of the 
chest, 'fho tumor was then resected, the wound in the stomach clo.scd 
and gastrostomy performed. Ach reported three eases in which he had 
performed operations by this method. In his second and third eases, 
instead of performing gastrostomy, he brought up the distal part of the 
stomach remaining after rc.scction on to the anterior thoracic wall and 
placed it subcut.'ineously, thus performing an inferior csophagoplasty. 
All three patients died within fourteen days, lie also reported fift}'- 
fivc operations on dogs, most of which were iiitrathoracic rcscclious, 


with success in only three. 

Later, Ach”" reported a fourth ca.se of carcinoma of the cardiac 
portions of the esophagus and .stomach in which operation was pci- 
formed by his combined cervical and abdominal technic. He succeeded 
in removing the tumor, but the patient died .seventeen days aftci the 
operation from “insutlicienc}'^ of the gastric fistula.” 

Z.'iaijer”-' followed a jdan similar to that which had been used in 
1911 in his ease of "ocsophagostomia thoracalis” and performed the 


M3. Acli, A.; ncilrag ^nr OesopIiafUiscliirtirKiV, Jttiinclicn. nic’d. Wchmrhr. 
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operation in Wo stages. The first consisted o£ extensive subperioslcai 
resection o{ the lotver six ribs on the left side, from tile angle fortvaul 
for about 10 cm. This caused sinking in of the wall of the chest, 
thereby rendering the esophagus and cardia much nearer the surface 
of the chest. After the patient had recovered from this operation, the 
second stage was undertaken. A long curved incision was cmplo}ed. 
beginning in the h 3 ^ochondrium below and extending upward and 
backu'ard in tlie posterior axillar}* line as far as the lower angle of the 
scapula, and in this way laparothoracotomy was performed. The 
diaphragm was cut through down to the esophageal hiatus and there 
freed. The lower part of the esophagus was mobilized and brought, 
with the stomach, into the wound. Zaaijer next cut through the 
stomach below the tumor, closed it and returned it to the abdomen, and 
then sutured the diaphragm. The esophagus with the tumor at its 
lower end was brought out through the wound, and the parietal pleura 
was sutured to the wall of the esophagus about 4 cm. above the upper 
. margin of the tumor. Then followed closure of the pleural and peri- 
toneal cavities. The tumor was removed by cutting through the healthy 
esophagus above it with thermocauter)' after a few days. The distance 
between the thoracic esophagostomy opening and the gastrostomy 
opening was provisionally overcome by an apparatus so constructed that 
food could be taken by mouth. The patient left the hospital four- 
teen days after the second operation. 

Torek,®' too, preferred to perform extrapleural resection of the 
esophageal carcinoma in his case, in order to do away with leakage from 
the oral end after resection. He also decided to pay particular attention 
to the avoidance of rough handling of the vagi. The patient was a 
woman, aged 67, with a carcinoma of the thoracic portion of the 
esophagus just below the lower border of the transverse arch of the 
aorta. Tlie thoracic incision ran the whole length of the seventh inter- 
space and extended upward posteriorly; the seventh, sixth, fifth and 
fourth ribs were divided near their tubercles. On retraction good 
c-xposure was obtained. The tumor was fairly fixed, and there was 
some difficulty in separating it from the arch of the aorta and the left 
ronchus,^ the latter sustaining a longitudinal cut during the dissec- 
tion requiring repair by silk suture, which acted satisfactorily. Torek 
t len dissected the esophagus free from its attachments all the way up 
0 tie neck, divided it with cautery a safe distance below the carcinoma 
‘ er double ligation, and brought out the oral end with its tumor 
maS anterior border of the left stemo- 

caidH 7 ^ '"^^^tion of the mediastinum and pleural 

vcml rio obviated. The 

tliorav X crushed. ligated and invaginated, and the 

ti'orax closed without drainage. The portion of the esopha^is wlfich 
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was hangiiig out of tlie neck was drawn through a tunnel under the 
skin between the wound in the neck and a transverse incision over the 
serond intercostal space; it was then brought to the surface through 
this incision, the carcinoma cut off, and the fresh rim of the esophagus 
sutured to the edges of the transverse incision. The wound in the 
neck was then closed. The patient made a good recovery and was 
nourished through the gastrostomy tube until the eighth day, after 
which time the outer end of this tube was introduced into the esophagos- 
tomy opening for the purpose of allowing the patient to carry out 
mastication and deglutition in the normal manner. Soon afterward she 
was able to take all varieties of food which could be chewed into an 
almost fluid state. In 1925, Torek published a follow-up report on 
this case, telling of the patient’s happy state and freedom from recur- 
rence, and a year later stated that she had died of pneumonia at the 
age of 79, after having been in good health up to three days before 
death. The patient had lived more than twelve years after the opera- 
tion. Torek’s case thus takes its stand as being the most outstanding 
and impressive in thoracic esophageal surgery. It is the onl}'^ case 
in which the results obtained through surgical procedures have definitely 
exceeded those obtained by palliative measures and those obtained in 
man}’’ cases of carcinoma of more accessible organs when treated 
surgically. Although it is well known that for one patient, for example, 
with gastric or mammary carcinoma who survives operation for as long 
as twelve years, there are man}^ who, although less fortunate, will live 
for three, four or five years; never before or since Torek’s operation 
have there been any such promising results from the surgical treatment 
of esophageal carcinoma. 

Unger performed the same operation as did Torek, and his 
patient died five days afterward. 

In 1914, Baumgartner operated on a man with carcinoma of the 
thoracic portion of the esophagus. The patient died six hours after 
the completion of the operation. Baumgartner employed a technic 
similar to that of Torek but with minor differences. He chose to 
operate on the right side, mainly because of the absence of the aorta 

145. Torek, F. : Carcinoma of the Thoracic Portion of the Esophagus : Report 
of a Case in which Operation was Done Eleven Years Ago, Arch. Surg. 10:oS3 
(Jan.) 1925. 

146. Torek, F. ; Surgical Treatment of Carcinoma of Esophagus, Arch. Surg. 
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and the ease ^Yith which the azygos vein can be dealt with. He not only 
cut ribs near their tubercles, but resected one of them to obtain better 
exposure. He finally resected the tumor intrathoracically before trans- 
posing the oral end of the esophagus subcutaneously. Necropsy showed 
that the right pleural cavity contained about 0.75 liter of bloody fiuid ; 
a vessel which could be said definitely to be the source of the hemor- 
rhage was not found. 

In 1915, iHeyer“® reported on further experience with resection 
of the thoracic portion of the esophagus for carcinoma in four cases. 
All of the patients died. In three cases, he planned to restore the 
continuit}- of the esophagus with the aid of an extrathoracic Beck-Jianu 
tube. In the other case, he performed the Torek operation. Meyer, 
commenting on drainage of the pleural cavity after operations on the 
esophagus, said that his experience had convinced him that when Torek 
closed the thoracic cavity without drainage he was favored with 
remarkable luck, ileyer believed that it is the surgeon’s duty to drain 
the thorax immediately after the operation in all cases of resection of 
the esophagus for carcinoma. 

In 1922, Hedblom resected a carcinoma involving the lower end of 
the esophagus and cardiac part of the stomach. He employed Zaaijer’s 
method with the modification of performing the thoracoplasty in three 
stages instead of in one stage as Zaaijer had done, resecting the fifth 
to the eleventh ribs from their angles to the costal cartilages. His 
incision for resection extended from a point to the left of the median 
line below the costal margin upward and backward to the level of the 
fourth rib in the midaxillarj" line. Through this he opened both 
peritoneal and pleural cavities, split the diaphragm down to the hiatus 
and, after mobilizing the lower end of the esophagus, removed its lower 
•1 cm. together with the cardiac part of the stomach. The stomach was 
sutured to the lower part of the wound belowr the diaphragm and the 
esophagus to the wound above that structure. A month after the 
resection the patient had gained several pounds and was taking soft 

lood by mouth, the esophageal and gastric stomas being connected 
by tube. 

In 1922, Le\’j’ reported a series of operations performed on dogs 

1913 and 1914. He began to resect the cardiac portions of the 
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esophagus and stomacli by a two-stage operation, the first being 
extensive thoracoplasty for the purpose of collapsing the wall of the 
chest and thus bringing the esophagus nearer to the surface of the chest 
and facilitating its exposure. He treated the resected portion of the 
stomach and esophagus in the same manner as Zaaijer had done. In 
ten operations there were six successes ; the four failures were due to ' 
empyema. He pointed out that in this operation the stomach can be 
brought up to any level required by the esophagus, as the diaphragm 
can be sutured to the wall of the chest at any desired height. Levy 
made a small plastic skin tube to connect the esophageal and gastric 
orifices. 

In 1924, Lotheissen reported ten cases of carcinoma of the 
thoracic portion of the esophagus in which Torek’s methods of 
operating were used. With the exception of two patients whose lesions 
were inoperable and who lived one and three months respectively after 
operation, all died within a few hours. Necropsy showed variously 
mediastinitis, empyema or collapse of the lung. 

In 1925, Eggers successfully removed a carcinoma of the 
thoracic portion of the esophagus by Torek’s technic. Both vagi were 
sharply divided without disturbing the patient’s condition. He employed 
closed drainage, and on the first day about 200 cc. of serosanguineous 
fluid passed through the tube; about 50 cc. passed on the second and 
third days, after which the drainage ceased; the tube was removed on 
the fourth day. The lower portion of the oral end of the esophagus 
had to be removed on account of gangrene. Connection between the 
esophageal and gastric orifices was established by a rubber tube, as in 
Torek’s case. The only further mention of this case which seems to 
have appeared in the literature was made by Torek, who, in 1926, 
stated that the patient was then living and in good health more than 
a year after the operation. It is of interest that the patient was young 
(aged 38) and that the symptoms had existed for only six weeks. 

Thoracic and Cardiac Portions (Esophagoplasty by Means of Skin 
or Fascia).— In 1917, Hdfer and Kofler described an original 
method of extrapleural resection of carcinoma of the thoracic poition 
of the esophagus with repair of the esophageal defect by skin esopliago- 
plasty. Their work was done on the cadaver. They cut a triangular 
skin flap with a vertical base of 14 cm. and a length of 20 cm. Tlie 
base was to the right of the vertebral column, and the flap extende 
over this onto the left thoracic wall. The flap was raised and rcflccte 
to the right. Then followed the removal of the portions of the rig it 

152. Lotheissen, Georg: Zur Radikaloperation des Spciserohrcnkrcbses, -A.rch. 
f. kh’n. Chir. 131:200, 1924. 

153. Hofcr, Gustav, and Kofler, Karl: Studie uber Rcscktion des thorakalcn 
Oesophagus, Munchcn. mcd. Wchnschr. 2:1097, 1917. 
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t™us and underlying rhomboid musdes rvh.di rvere exposed by he 
reflection oi the flap. The ribs exposed by this procedure tvere resected 
for 10 to 12 cm. subperiosteally, the inten'ening intercostal muscles cut 
away and the pleura and esophagus exposed. Several centimeters o 
the azygos vein was removed, the carcinoma freed from its attachments 
and the esophagus separated above and below the tumor sufficicntlt 
to allow the introduction of the skin flap under it. The apex of the 
flap was pulled to the left of the vertebral column as far as possible; 
the upper edge was brought forward on both sides of the esophagus 
and sutured in front; the lower edge was treated in the same manner, 
so that the esophagus lay in a trough of skin. The tumor bearing part 
of the esophagus was to be removed at a second operation, and the 
esophageal defect repaired by the plastic formation of a skin tube, the 
posterior wall of which bad already been made. Hofer and Kofler 
stressed the importance of the exact localization of the tumor by the 


esophagoscope and radiography so that the flap may be outlined cor- 
rectl}'. The right side is preferred because of the absence of the aorta. 
Illuscle is not included in the flap, because it is prone to necrosis if 
separated for any length. 

In 1921, Lilienthal,’-®^ unaware of the work of Hofer and Kofler, 
devised a similar operation and tested it on the cadaver as they had 
done, but he was able to apply it clinically with some success. Lilienthal 
used a rectangular flap, the upper border of which was the eighth 
interspace, the lower, the tenth rib, its outer limit the midaxillar)* line, 
and its base about 3.75 cm. from the vertebral column. ^Yhereas Hofer 
and Kofler attacked the esophagus from the right side, Lilienthal did 
so from the left, giving as his reasons the importance of the aorta as 
a landmark, the greater distance from the important veins and thoracic 
duct, and the avoidance of the difficulty of freeing the pleural fold 
which crosses the median plane at this point. After freeing the esopha- 
gus, the skin flap was placed in position, lying between the esophagus 
and the right vagus (the left vagus was not seen), the cuticular 
surface next to the esophagus and the terminal end turned round it and 
held in position by a silk suture running from its tip to the inner part 
of the wall of the chest, the trough of skin thus formed to be completed 
into a tube by division of the pedicle later. Several days afterward the 
umor was resected, and later the pedicle was divided and turned 
outward to meet the terminal end of the flap. The pedicle, however, 
ed a marked tendency to return to its normal position. Before 
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healing finally took place by granulation, five months had elapsed since 
the fiist operation. Contraction at the upper mucocutaneous juncture 
necessitated the passage of sounds. The patient lived for eleven months 
after being dismissed from the hospital, A tracheo-esophageal fistula, 
caused by leciuience of the growth, and terminal pneumonia were the 
cause of death. 

Lilienthal mentioned having on four occasions, explored the 
mediastinum for carcinoma of the esophagus; in every case, the tumor 
had extended beyond the wall of the viscus. Three of the patients died 
of mediastinitis through injury to the esophagus during attempts to 
isolate it. In the fourth case, the cause of death was unknown. 

In 1921, Budde,^‘^° working on the cadaver with a view to replace- 
ment of the resected part of the esophagus, built a pedicled tube of skin, 
fascia and muscle around a glass rod. Part of the thoracic portion of 
the esophagus was then i-esected extrapleurally and the tube implanted 
between the cut ends. 

In 1922, Allen resected a small piece of the thoracic portion of 
the esophagus and repaired the defect with fascia lata. He performed 
seventeen one-stage operations, with uniformly fatal results. The cause 
of death was empyema and mediastinitis due to leakage from the 
esophagus. By his two-stage method of double fascial tubes with sub- 
sequent opening of the outer tube and resection of the inner tube and 
that portion of esophagus inclosed by it, he performed six operations, 
of which four were successful. Both failures were due to empyema 
and mediastinitis after the first stage before the esophagus was opened. 

Later, in 1925, Allen operated on the thoracic portion of the 
esophagus in dogs in a manner similar to that used on the cervical 
portion. He employed the two-stage operation to remove a section of 
the esophagus without actually opening its lumen at either operation, 
depending on the tying of ligatures, which were planted around the 
esophagus inside the fascial sleeve, to cause necrosis of that of the 
viscus between the ligatures. In four such operations, he failed to 
secure sloughing in one. The other three were successful, but were fol- 
lowed by definite stenosis. He attempted this operation in a case of 
carcinoma of the thoracic portion of the esophagus, but the tumor 
proved to be inoperable. 

Conimenf.—An effort has been made, by this comprehensive review 
of the literature, to give an idea of the wide extent to which esophageal 
surgery has been practiced for the removal of carcinoma, and to sliow 
that the reason it has not succeeded has not been due to the lack of 
either effort or ingenuity. 

155 Budde, Werner; Zur Fragc dcs phstischcn Ersatzes schleimliniit- 
bekleideter Rohren; L Urethra virilis; II. Oesopliagtis, Deutsche Ztschr. f. 
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There are two aspects of carcinoma regarding which opinions are 
divergent: that of early diagnosis, and the virulence of the growth. 

It is well known that explorator)^ operations show most carcinomas 
to be inoperable, and many surgeons maintain that earlier diapiosis 
would bring the majorit}' of these neoplasms within the limits of 
operabilit}'. This opinion warrants investigation. It is noticeable m 
published reports of cases that patients rvith esophageal carcinoma 
rarely consult a physician at the onset of sjnnptoms, but generally wait 
for months rather than weeks. Can an\-thing be attained by the educa- 
tion of the lait)' in regard to the early sj-mptoms of esophageal car- 
cinoma, such as commencing difficulty in swallowing solid foods and 
perhaps a sense of substernal oppression or later the regurgitation of 
ropy mucus into the mouth, so that such patients may be seen, for 
example, within a week of commencement of sjauptoms The answer 
to this question depends on two points; the actual cause of the sr’inptoms 
and the virulence of the growth. With regard to the former, one can 
say the sj-mptoms are due to mechanical obstruction only. This means 
that the grondh, even when the earliest symptoms appear, must have 
extended sufficiently to produce obstruction. Unfortunately, carcinoma 
of the esophagus grows not only inward, encroaching on the lumen, but 
extends outward simultaneously into the surrounding tissues, laterally 
to involve the whole circumference and upward and downward. Car- 
cinoma of the esophagus, tlierefore, will be without symptoms until it 
has reached considerable size and is firmly fixed to surrounding tissue, 
or until the contraction of fibrous tissue develops in an attempted 
natural cure. 

The degree of malignancy is of the greatest significance. The 
belief that these grondhs are relatively benign and slow-gron-ing has 
been handed down to us, based chiefly on the frequently reported 
mabilit}' of obseiwers to demonstrate metastasis at necropsy; many 
present-day surgeons persist in holding this opinion. Abel,® for instance 
said that he intends to prove that carcinoma of the esophagus is a 
relatively benign, mild type of malignant growdh. On the other hand, 
the opposite view is slowly gaining ground. Souttar,^®® from his 
dinical experience, e.xpressed the belief that carcinoma of the esophagus 
IS of high grade malignancy, and that it fails to produce widespread 
serondaty deposits only because death occurs early. Just as long as 
t us problem can be discussed only on clinical grounds, there will be 
^'vergence of opinion. Broders’ method of grading the malignancy 
however, aids considerably in deciding the issue. According 
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to the degree of differentiation of tlie cells, any carcinoma can be 
placed in one of four grades arranged in increasing order of malignancy; 
thus, mild, slow-growing tumors are graded 1 and the most malignant 
tumors are graded 4. This method, introduced in 1920, has received a 
fair trial, and in the hands of experts has proved to be reliable. I am 
indebted to Broders and Vinson for allowing me to use their unpub- 
lished data conceining the malignancy of esophageal carcinoma. In a 
series of 220 cases of carcinoma of the esophagus observed at the Mayo 
Clinic, they found that more than 90 per cent of such tumors were 
graded 3 and 4, that is, they were of the most malignant types; cases 
graded 1 were not found. This is significant in considering the chance 
of success of surgical procedures, for it means that by the time a 
carcinoma has extended sufficiently to produce obstruction (at which 
time the earliest symptoms will appear) it will have spread beyond the 
limits of surgical removal, except perhaps in a few cases. 

Other data compiled by Broders and Vinson strengthen this opinion 
and throw light on the question of metastasis. They found that in 
forty-two cases in which postmortem examinations were made, twenty- 
seven showed metastasis, whereas of the last fifteen cases of this series 
metastasis was found in fourteen. 

Because of the anatomic structure and relationships of the esophagus, 
the highly malignant carcinomas of the organ, the frequent occurrence 
of metastasis, the danger of fatal infection and the mutilation which 
must always cause great shock, surgical removal of these tumors cannot 
be expected to be attended with any degree of success. Although a 
successful case may occasionally be reported, this will never justify 
routine surgical exploration and the attempted removal of esophageal 
carcinoma with its appalling mortality. The only operation which has 
attained even a small degree of success is extirpation of a cervical 
esophageal carcinoma with subsequent double flap skin esophagoplasty 
after the manner first introduced by von Hacker, _ or the single flap 
method of Lane and Ach.“^ 

Thus, it appears that only palliative measures can be applied as a 
routine in the treatment of patients with this disease. These include 
the use of radium, deep roentgen rays, diathermy, intubation, gastros- 
tomy and dilatation. All of these methods have their advocates and 
their opponents, and a voluminous literature has accumulated concerning 
them. As this phase is nonsurgical, its discussion has been omitted as 
being outside the scope of the subject of this article. 

diverticula 

Despite the fact that the so-called esophageal (pulsion) diverticula 
have been proved definitely to be pharyngeal, their surgical treatment 
is always considered a branch of esophageal surgery. Because they are 
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not nncommon and because the results of their surgical treatment arc 
highly satisfactorj-, it was felt that they should be eonstdered here. 

There are a few important contributions to the early literature con- 
cerning diverticula that are worthy of note. Bell,^"- m 1816, was the 
hrst to draw attention to their occurrence. He perfonned necropsy m a 
case in which there had been trouble with dysphagia during life and 
found a posteromedial pouch at the upper end of the esophagus. He 
likened the condition to the hernal protrusion of mucosa which occurs 
in the bladder in cases of urethral or prostatic obstruction. Later he 
suggested that the surgical treatment should consist in empl} ing the 
sac by the establisliment of a fistula. 

Rokitanskv,^^® in 1840, was the first to draw attention to the occur- 
rence of two types of divertucula and classified them from an etiologic 
standpoint into two groups; (1) those due to traction exerted on a 
portion of the esophageal wall from without, and (2) those due to 
pressure within. Those in the first group he called traction diverticula 
and those in the second pulsion or pressure diverticula. Since Zenker 
and von Ziemssen,^'^” in 1877, reported on their study of twenty-seven 
postmortem specimens, and described the etiology, pathology, symptoms, 
etc., of the condition, little has been added to the knowledge of tire 
disease except the advances in the surgical treatment. These authors 
stated that the radical cure of pulsion diverticula by surgical measures 
from without was one of vain hopes, yet they were hopeful that even 
this operation conducted on Lister's plan might some day be perfonned 
without danger. Such was the state of surgery fifty years ago. The 
monographs on diverticula by Starck,’^®^ in 1900, and Rosentlial,’^®' in 
1902, are worthy of mention as comprehensive studies on the subject. 

-Aldiough BelL®® surmised the pharyngeal origin of the large pul- 
sion diverticula, and Zenker and Ziemssen proved it, for a long time it 
was commonly accepted that the diverticula originated in a small 
triangular area at the upper end of the esophagus posteriorly just below 
the inferior constrictor muscle of the phary'nx where the divergence 
of the esophageal musculature caused a weak spot. Keith and others, 
howerer, have definitely pricked the bubble of the Lainer-Hackennann 
tnangle, as this area is called, and have proved beyond question that 
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these diverticula are formed by the evagination of the mucous mem- 
brane through the iwstenor pharyngeal wall between the upper and 
lower parts of the inferior constrictor muscle, the main function of 
the former being to seize the bolus of food and force it into the 
esophagus, while the latter acts as a sphincter to the upper orifice of 
that viscus. Such diverticula are, therefore, true sacculid“‘ 

Traction diverticula are usually found on the anterior wall of the 
esophagus near the bifurcation of the trachea, and they usually originate 
from a localized adhesion of the esophageal wall to the surrounding 
parts, sometimes the result of inflammation of one of the bronchial 
glands. The walls of the diverticula consist of all the coats of the 
esophagus, and they are therefore true diverticulad®* They rarely give 
rise to clinical symptoms, although occasionally they may become 
enlarged, the increase in size being due to the arrest of food in the 
diverticulum and the gradually increasing pressure resulting therefrom. 
Oekonomides gave the name of “traction-pressure diverticulum” to 
this condition. 

Sauerbruch reported a case in which a traction diverticulum had 
rui^tured into the lung, causing abscess and the formation of fistula 
which necessitated operation. Ordinaril}^ however, such diverticula do 
not require surgical intervention. 

The several methods of choice in the surgical treatment of pulsion 
diverticula (sacculi) are: extirpation in one or two stages, invagination 
and diverticulopexy (sacculopexy). Apart from the local operative 
measures, however, the preopei'ative preparation is important and con- 
sists of thorough oral hygiene and the lavage of the sac with mild 
antiseptic solutions. Some surgeons recommend preliminary gastros- 
tomy in elderly and debilitated patients. 

The earliest recorded surgical assault on a phaiyngeal diverticulum 
was that of Nicoladoni in 1877. His procedure consisted in opening 
the sac and establishing a fistula, thus putting into practice Bel! s sug- 
gestion. The patient died from pneumonia six days after the operation. 
Shortly afterward a few surgeons attempted to remove radically these 
protrusions by the one-stage method, the essentials of which are the 
exposure and separation of the sac and its removal b)' cutting through 
the neck. The surgical approach to a diverticulum is exactly the same 
as that employed in cervical esophagotomy, the incision usually being 
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along the anterior border ot orre or the other sternomastoid muscle, 
usually the left, because the majority of these pouches protrude on^ that 
side. C. H. Mayo,’^®® however, advocated incision in the line ot the 
natural crease of the neck, one-third being behind the anterior border of 
the sternomastoid. The sac is exposed by dissecting deeply between 
the carotid sheath laterally and the trachea and thyroid gland medially. 
After it has been separated from the surrounding structures by gentle 
blunt dissection, it is severed through its neck, usually between clamps 
or ligatures. The treatment of the stump then remains a matter of 
choice, but ordinarily interrupted sutures inverting the mucous mem- 
brane are used and followed by a further line of suture through the 
musculature. Although this operation is apparenth’ ideal from the 
technical standpoint, it has a disadvantage which, although sometimes 
overcome, may prove fatal. Because of the absence of a serous coat, 
the line of suture is relative^ slow in healing, and so the possibility 
of leakage through the sutured pedicle must always be considered and 
a drain inserted. Leakage will cause infection which is likely to 
spread down the fascial planes of the neck into the mediastinum, with 
fatal results. 

Niehans,^®® in 1884, was the first surgeon to perform a one-stage 
operation for the removal of a diverticulum. The patient had a goiter 
as well. Niehans first removed the goiter, and after fifteen days, the 
sjTOptoms not being relieved, excised the diverticulum with thermo- 
cauter}' between two ligatures. The patient was fed by stomach tube 
for a few days, and on the eighth day drank milk which flowed out of 
the cendcal wound. Hemorrhage from the superior thyroid artery 
caused death on the twentj'-fourth day after the removal of the sac. 

In 1892, von Bergmann^'® reported the first successful extirpation 
of a diverticulum (6 cm. long), although a fistula persisted for several 
months. Kocher^"^ reported two cases in 1892. In both, operation 
"as successful; although temporary fistula developed in one case, the 
wound in the other case healed by primaiy intention. In 1893, 

ugge,^'- in reporting a fatal case in which operation was not per- 
ormed, commented on the small number of cases reported ; he succeeded 
m finding only trvelve cases in the literature of the six years preceding 
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that time, the number reported has increased continually. 
In 1903, Buthn*‘^ reported eight cases in which he had operated 
during the preceding ten years. In 1910, Stetten reviewed all the 
cases he could find in the literature up to that time, and his statistics 
tlnow some light on the results of surgical measures in this sphere. 
In a group of sixty patients, fifty were cured and ten died, a mortality 
of 16.6 per cent. In a group of forty-eight patients on whom the one- 
stage operation was performed, the mortality was 18.7 per cent. 

In 1918, Judd^^® reported a series of 35 cases from the Mayo 
Clinic with only 2 deaths. Two years later i'" he reported an additional 
17 cases with only 1 death, making 52 cases in all. In 1923, C. H. 
Mayo stated that the total number of patients operated on at the 
clinic had reached 74 without further mortality. In 1921, Deis noted 
134 cases in the literature; in 88 of these, the one-stage operations had 
been performed with 10 deaths, a mortality of 11.3 per cent, which is 
below that reported by Stetton for similar cases. In 22 of the cases 
reviewed by Deis, the two-stage operation had been performed without 
deaths. 

The two-stage method was introduced by Goldmann,^’® in 1909, its 
purpose being to minimize the danger of spreading infection along the 
fascial planes of the neck consequent on leakage from the diverticular 
pedicle. By this method the sac, after being freed, is brought out into 
the operative wound and left there for about two weeks, during which 
time granulations form and wall off the fascial planes of the neck. 
The sac is then removed and the neck sutured. Since its inception by 
Goldmann, the two-stage method has been widely adopted and also 
modified in different ways by various surgeons. Goldmann, after 
freeing the sac, tied the pedicle with a silk ligature, packed a tampon 
around the sac and closed the wound in the skin, leaving a small 
opening for the removal of the tampon. Tlie tampon was removed 
and the sac cut off a few daj'^s later. A fistula formed and drained for 
two months. Deis was of the opinion that allowing the necrotic 
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sac to separate by itseU alter Ugating its neck is a sate procedure. 
Von Beck^^“ also recommended this method, and reported seven cases 
with five successes ; two patients died from pneumonia. C. H. Mar o. 
after delivering the sac into the wound, sutures its neck to the sterno- 
mastoid or to the platysma muscle with a few interrupted catgut sutures, 
and the wound in the neck is closed around the neck of the sac. Icn 
or trvelve dar's later the sac is again freed, then excised and the opening 
in the esophagus and the wound in the neck closed. Judd illustrated 
this method. ^lurphy advocated twisting the sac. packing around it. 
and later amputating it with suture of the pedicle. ilkie s method 
offers still greater protection against the danger of cellulitis and 
mediastinitis. After the sac is freed, the margins of skin are sutured to 
its body. The second stage, performed several days later, consists of 
incising the base of the sac down to the submucous plane and separating 
tile mucosa by blunt dissection for about 5 cm. from the surface of the 
skin. The free edges of the mucosa are then united hi' a roll-in suture 
of chromic catgut and further invaginated by interrupted sutures. The 
stump is allowed to retract and the wound in the skin is partially closed 
by sutures. AVilkie reported two cases; in the first case the wound 
was diy- in less than three weeks, and in the second a small fistula per- 
sisted for about five weeks. 

Altliough the two-stage method is the more popular, the one-stage 
method still has its advocates. In 1910, Stetten^"'* declared that the 
method of Goldmann did not require serious consideration and reported 
a case of his own in which the patient left the hospital with the wound 
completely healed sixteen days after the one-stage operation. In 1922, 
Bensaude and Gregoire,^®® also expressed belief that the one-stage 
operation is best and that the two-stage operation means taking unneces- 
sar)- precautions. C. H. Mayo,^^^ however, stressed the admsabilitr- of 
the two-stage operation if a large pouch is present, particularlv if it 
extends down into the thorax. Recent reports by Lahey,^®* and by 
Crile and Dinsmore showed excellent results obtained by the two- 
stage method. 
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In 1896, Girard treated two patients successfully by obliterating 
the ca vit}'- of the sac b}'' invagination. By invaginating the sac by purse- 
sti ing siitiii es, i epeated as many times as is deemed necessary, its 
cavit}'^ is obliterated witliout being opened. The inverted sac either 
atrophies or sloughs off. Although this operation has the advantage 
of eliminating every possibility of infection, its disadvantage is that 
the polypoid projection produced by the inversion of the sac may, if 
large enough, produce occlusion of the pliaryngeal lumen. This, then, 
would seem to limit the operation to small sacculi. There remains the 
question of recurrence after this operation. In 1912, Waggett and 
Davis reported a case in which the former had operated by Girard’s 
method with apparent success. Ten months after the operation, the 
patient said that after sneezing violently he felt “something break” in 
his neck. A diagnosis of reexpansion of the invaginated sac was made 
and operation undertaken. It was found that the diverticulum had 
much the same appearance as before the first operation. Radical 
extirpation by the one-stage method was undertaken with success, the 
wound healing by fii'st intention. Bevan,^®® however, operated on what 
was evidently a large sac, and if inversion by repeated purse-string 
suture had been carried out, it is probable that pharyngeal occlusion 
would have resulted. To overcome this difficulty he used purse-string 
sutures for the outer part of the sac, but be reefed the inner part with 
longitudinal sutures, leaving the sac compressed against its attachment. 
In a later article,^®® he described a modification of this method for use 
with a large diverticulum. He first cuts through the middle of the sac 
by clamp and cauterj'^, and after removing the outer part invaginates 
the remaining inner part. V on Beck also tried the invagination 
method, with success. Besides being adaptable to cases of small diver- 
ticula, it is also useful if the patient is old and debilitated. 

Diverticulopexy appears to have found a definite place in surgical 
treatment for pharyngeal diverticulum. The procedure was first pro- 
posed by Schmid in 1912, who, on the cadaver, fixed the bottom of 
the sac at a higher IcA^el than its neck, the sac not being opened. This 
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operation was first practiced on the living subject by Hill in 
The sac was dissected free and the fundus stitched to the left suie o! 
the interior constrictor muscle, with at least temporary relief of symp- 
toms. Konig fixed the sac to the hyoid bone with success. 

In 1922, Van den Wildenbcrg reported tlwt he had had rccour-e 
to diverticulopexy with complete success seven times. In four cases, he 
performed only this operation. In the rcm.aining three be used it ns a 
first stage, excising the pouch afterward at periods varying from eight 
days to three months. The second operation proved to be nmch ntore 
simple than the first, as the sac was found at once and only .a small 
incision was needed. Diverticulopexy is not a radical procedure and 
Van den Wildenberg advised its use only as the first operation of a 
two-stage procedure; he further stressed this point in a later com- 
munication^®^ as a result of one case of recurrence after the ojtcratinn. 
In one case, HavUant.*®® besides performing diverticulopexy. ligated 
the neck of the pouch, his object being to prevent the reflux of food 
into its cavity, notably in postoperative vomiting. Dcghitition took its 
normal course at once. One might think that there would be danger of 
sepsis from decomposition in this closed cavity. Hautant’s patient, 
however, had enjoyed excellent health for six months at the time of 
report. 

In summarizing the present status of the surgical treatment of 
pharjTigeal sacculi one might say that the two-stage method can be 
done with so little risk that it has been adopted practically universally, 
1 an den Wildenberg has introduced sacculopexy as the first stage in 
two-stage removal. Statistics show that the one-stage method, although 
ideal from the technical standpoint, means unnecessary risk. 

Invagination and sacculopexy have the disadvantage of not being 
radical operations. The former, however, is well suited for small 
sacculi, and although large ones can be treated in this manner, this 
procedure is not likely to be preferred to extirpation. Sacculopexy, by 
Its simplicity, the absence of the risk of sepsis and because of the 
results already attained by this method, seems likely to become a more 
popular operative procedure as time goes on. It would seem to be 
ideal tor old and debilitated patients. 


191. Hill, tt*il!iam; Pharj-ngeal Pouch Treated by Diverticulopexv, Proc. Rov 
-oc. Med. 11 : (Sect. Larj-ngol.) 60, 1918. 

Wchmc£°'lt719”l922^''" Operation des Oesophagusdivertikels, Deutsche med. 
d- Diverticules dans I’oesophage. Arch, franco-beiges 
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EXPERIMENTAL INVESTIGATION 

Ihe object of the experimental work undertaken was to obtain if 
possible a successful method of suture for end-to-end anastomosis of 
the esophagus, at first after simple division, and, if this proved satis- 
factory, after resection. 

The difficulties which beset the surgeon in operating on the esopha- 
gus have been discussed. They exist because of the unique anatomic 
structure and relationships of the viscus. In my earliest experiments 
on the anastomosis of the divided organ, I was particularly impressed 
with the poor nature of the blood supply. Fatal cellulitis and medias- 
tinitis were the outcome, and necropsy showed not only sloughing of the 
cut ends of the esophagus constricted by the sutures, but discoloration 
of the mucous membrane for several centimeters above and below the 
level of division which corresponded to the length of the esophagus 
necessarily isolated for the performance of the operation. As these 
experimental operations had been carried out with the usual aseptic 
precautions, it was felt that the primaiy factor causing the ensuing 
fatal infections was not the contamination of the surrounding tissues 
with esophageal secretion at the time of operation, as many authors 
seem to believe, but the sloughing at the line of anastomosis due to 
constriction of its blood suppl}'- by the sutures, with resultant leakage 
of infective esophageal secretion. 

This led me to investigate the blood supply to the esophagus in the 
dog. After several unsuccessful attempts with prussian blue and car- 
mine gelatin injections, it was decided that the most satisfactory 
method would be the injection of a radiopaque medium. That used was 
a mixture of barium sulphate and gelatin, made up according to the 
directions given by Gross as follows : 

Soak 300 Gm. of fine French gelatine for two hours in 1,200 cc. of distilled 
water. To this add 1,000 Gm. of finely powdered barium sulphate, 500 cc. of 
distilled water, and 2 Gm. of thymol. Heat over a water bath until the gelatine 
dissolves and stir until the whole mass becomes a homogeneous milky fluid. Filter 
through two layers of Victoria lawn. 

The specimen for injection was obtained in a manner similar to 
that used by Demel in his work on the blood supply to^ the human 
esophagus. A recently killed dog was used. A median line incision was 
made which extended from the chin to the pubis, the skin was reflected 
widely on each side and the sternum and chondral parts of the ribs 
removed. The tongue was severed from its attachments, the posterior 

196. Gross, Louis: The Blood Supply to the Heart in its Anatomical and 

Clinical Aspects, New York, Paul B. Hoefaer, 1921, vol. 16, p. 171. ^ ^ 

197. Demel, Eudolf; Die Gefassversorgung der Speiserohre; Em Beitrag zur 
Oesophaguschirurgie, Arch. f. klin. Chir. 128;-453, 1924. 
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ptanugeal mil cut tl, rough, and the tvholc oi the cervical viscera 
removed. The ascending part ot the aorta was cut hetwcen ligatures 
and the heart removed; each lung was removed by cutting through the 
hilum just distal to a ligature and through the pulmonar}- ligament. 
the removal of the heart and both lungs, the vascular bed to be injected 
was considerably diminished in size. The parietal pleura was incised 
on both sides about 2.5 cm. from the vertebral column. The inter- 
costal vessels were ligated and cut from above downward to the lev el 
of the diaphragm, which was then separated from its costal and verte- 
bral attachments. The hepatic artery was ligated and cut and the 
gastrohepatic ligament divided ; the first part of the duodenum was cut 
between ligatures; the splenic artery was ligated and cut close to the 
spleen, and the branches of the gastro-epiploic arteries descending into 
the greater omentum were ligated and the omentum divided. The 
superior mesenteric, inferior mesenteric and renal arteries were then 
ligated and cut; the lumbar branches of the aorta were dealt with in 
the same manner and the aorta itself was severed just above its 
bifurcation. 

In this way a specimen was obtained consisting of the whole length 
of the esophagus, the trachea, stomach and diaphragm, together with all 
the arteries from which the esophagus receives its blood supply. 

A cannula was tied into the lower end of the aorta and the vascular 
bed of the specimen was washed out thoroughly witlr water injected 
into the cannula by a syringe. In order to render the vascular bed 
water-tight it was necessary" to ligate such arteries as the internal and 
external carotids, the subclavians, the vertebrals, the transverse cervical 
and scapular arteries, the internal mammary arteries and any others 
through which water was seen to escape during the washing process. 

The specimen was now ready for injection and was placed in the 
dish containing hot water. The injection apparatus was rendered as 
air-tight as possible, and when the valve on top of the oxygen tank was 


opened, gas passed into the carboy. The pinchcock was opened 
slightly; the mercurv' in the limbs of the manometer immediately 
showed a difference of from 10 to 20 mm. ; the effect of this pressure 
acting on the surface of the injection medium was to force the latter 
out of Ae bottle, into the rubber tube to be connected wdth the 
cannula in the specimen. Before this connection w^as made, however, 
the mixture of barium sulphate and gelatin was allowed to run out of 
t ie rubber tube, as otherwise the air contained in the tube would be 
forced into the specimen in front of the injection medium which would 
len be unable to fill the vascular bed completely. As soon as the con- 

'mbs of the manometer showed a difference in height of boo mm 
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and tl,c incdimn was seen lo f.ll the finer branches of the vascular bed 
Inis pressure was maintained for one liour. 

The aorta was tlien ligated and the cannula withdrawn. The speci- 
men was placed m 10 per cent solution of formaldehyde for twenty- 
four hours, at the end of which time the injected barium sulphate and 
gelatin had solidified and roentgenograms were taken. Figures 1 and 2 
show specimens prepared by this method. Several other specimens were 
injected and photographs taken. One specimen after injection was 
cleat ed by the Spalteholz method which consists of dehydration by 



Fig. 1. — Roentgenogram of injected specimen. 


alcohol, and then immersion in benzene and synthetic oil of wintergreen. 
The specimen was first placed in 40 per cent alcohol and changed every 
two days into an alcohol of 10 per cent additional strength, ending with 
immersion in absolute alcohol for four or five days. Next the specimen 
was immersed in benzene for two days, after which it was placed in 
oil of wintergreen. Clearing commenced almost immediately and con- 
tinued until fine arterial twigs could be seen clearly. Oil of wintergreen 
forms the medium in which such a cleared specimen may be mounted 
permanentl3^ 

Figures 3 to 9 represent onty a small part of the material which vv’as 
studied and which was found to show the following points of interest: 
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1. The roentgenograms showed the poverty of the blood supply to 
the esophagus. This is apparent when the small amount of injection 
medium capable of filling the arteries of the esophagus is contrasted 
with the large quantity necessarr- to fill those of the stomach. 

2. The blood supply is segmental. Most of the arteries divide into 
ascending and descending branches, and those of one particular segment 
anastomose with the arteries supplying the segments above and below. 

3. The anastomotic network between the arteries of adjacent seg- 
ments is scanty. 
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artery corresponds to tlie superior thyroid artery in man and alone 
supplies the gland, there being no inferior thyroid artery in the dog). 
I'he lower ])art of this segment is the most vascular and receives its 
blood supply from ascending branches of the artery supplying the upper 
thoracic segment. Occasional twigs arc given to the middle part of 
the cervical segment by the common carotid arteries. 

In the esophagus of man, Demel found that three constant branches 
from the inferior thyroid artery supplied the lower part of the cervical 
segment, the first of these originating from the center of the ascending 



Fig. 3. — Rocnlgenograni sliowing large-sized stomach tube in esophagus of 
dog (dog 1, table) twenty-two days after operation. The tube passed down with- 
out any difficulty. 

portion, the second from the median bend and the third from the lowei 
ascending portion close to the subclavian artery. 

The upper thoracic segment is the part of the esophagus at the leve 
of the innominate artery. From about the middle of the aiteiy a con 
slant tracheo-csophageal branch arises which soon divides into ^vo 
branches, one supplying the esophagus and the other the ttachca. le 
former divides into ascending and descending branches. Those w nc i 
ascend anastomose with the descending branches from the thyioid aitcry 
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red from dog (dog 1) eiglity-tlircc 



intercostal artery- near its origin or directly from the aorta at this level. 
Sometimes the arteries arise separately and at other times they spring 
from a common trunk only 2 or 3 mm. in length. Thet pass orwar 
and dowmvard and shortly before reaching the esophagus divide into 
two branches, an esophageal and a tracheal, the latter ascending to t e 
biinrcation and the former entering the esophagus on its lateral aspects 
and then dividing into ascending and descending branches. The anasto- 
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mose above with twigs from llie esophageal branch of the innominate 
arterj'’ and below with those from the arteries which supply the lower 
thoracic segment. This segment is the most vascular part of the canine 
esophagus. Demel found that it is also the most vascular part of the 
esophagus of man, which fact is of interest as the majority of eso- 
])hagcal carcinomas are found there. 

The lower thoracic segment extends from just below the level of the 
bifurcation of the trachea to the diai^hragm, and derives its blood supply 
from two arteries which arise from the third left intercostal artery near 
its origin or directly from the aorta at this level usually by a common 
trunk which is short although longer than that of the tracheo-esophageal 
arteries supplying the segment above. It divides into its two branches, 



Fig. 6 — Longitudinal section througli line of anastomosis of specimen in figures 
4 and 5 , complete epithelial ovcrgrowtli ; the muscular coat is tliickened at this 
point due to the method of suture ; outside the muscular coat and covered by 
adventitia are the remains of a silk suture encapsulated by cellular fibrous tissue. 

which pass downward, forward and to the left until they teach the 
lateral aspects of the esophagus where the}'^ enter it and divide into 
ascending and descending branches. To similar arteries in specimens 
from human subjects Demel gave the name “arteriores esophageae 
propriae.” The lowest part of this segment has the poorest blood supply 
of the whole length of the thoracic portions of the esophagus. 

In the arrangement of the tracheo-esophageal arteries and the 
arteriores propriae as described, slight variations may occui. Tlieii 
mode of origin has been commented on. Sometimes one of the blanches 
of the tracheo-esophageal trunk will supply only the esophagus. At 
other times one of the arteriores propriae will send an ascending branch 
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„ the btfurcation of the ttachea (fig. 1). Thus, there is o,. patently a 

near their origins. They pass upward on the esophageal uall to an. s 
tomose r\ith the descending twigs of the artenores propnac. 



Figure 7 Figure 8 

Fig 7 — Cenical portion of esophagus distended with water; specimen remored 
irom dog (dog 2, table) se\en dajs after operation. Absence of stenosis, a, oral 
, b, hne of anastomosis 

Fig S — Mucosal surface of specimen shown in figure 7, Epithelial orergrowth 
has not taken place (compare with figure 5) Absence of stenosis, a, oral end; 
hne of anastomosis 


These im estigations show that the blood supply to the esophagus in 
the dog closely resembles that in man (as described in detail bv Demel) , 
d'e onh difference being the replacement of the branches from the 
tnicnor tlnroid arterr- by those from the tracheo-esophageal branch of 
die innominate artem. 
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I he abilit}' of a suture line to hold together the two cut ends of any 
viscus depends primarily on the conservation of a sufficient blood supply 
to the line of anastomosis. These studies clearly demonstrate the 
poverty of the blood supply to the esophagus and in consequence show 
that unless special care is exercised it would be an easy matter to produce 
enough constriction of the blood vessels by the sutures to cause sloughing 
of the two cut ends, which would result in the extravasation of the 
esophageal secretion with fatal infection. 

Other factors that would appear to contribute to success are the 
smallness of the suture material and the putting at rest of the organ for 
a reasonable time after operation so that tension on the suture line is 
avoided. The structure of the esophageal wall must also be taken into 
consideration. The muscular coat forms poor material for suture as it 
will easily tear. The submucous la)'-er, on the other hand, is strong and 



Fig. 9. — Mucosal surface of cervical portion of esophagus removed from dog 
(dog 5, table) thirty-six days after operation. Marked stenosis, with dilatation 
above the stricture. Epithelial continuity established over line of anastomosis ; 
a, oral end ; b, line of anastomosis. 


its inclusion in the sutures is essential if the two cut ends are to remain 
in apposition. Aseptic technic with careful packing off of the divided 
esophagus from the surrounding tissues is a sine qua non. With these 
factors in mind, the following technic was devised for the end-to-end 
anastomosis of a divided esophagus: 

The material used was Japanese blood vessel silk, no. 0 (which is 
finer and stronger than the thinnest catgut) on a fine straight needle, 
no. 12, about 1.25 cm. long. 

The anastomosis was made by two rows of sutures. The inner row 
consisted of eight or nine interrupted inverting mattress sutures, spaced 
evenly around the circumference and passing through the whole thick- 
ness of the esophageal wall, thus including the strong submucous layer 
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u. their grasp. The needle pierced the wall about 2 mm. from the cut 
edge, and each suture included about 2 mm. ol the c.rcumtercnce tu it 
grasp. Thus, while the blood supply to those parts of the esophageal 
wall caught in the sutures was constricted when they were tied, that ot 
the remaining greater part of the circumference was unhanned. ihc 
outer row was a continuous suture passing onl\- through the muscular 
coat and avoiding tlie submucosa where the vessels ramify. This outer 
row inverted the inner row and made the anastomosis water-tight. 

It was decided first to attempt division at different levels of the 
esophagus, beginning with its cervical part, to ascertain the effect, if 
any. of the varying blood supply on the anastomosis. The operatirc 
procedure on this part of the esophagus was carried out as follows . 

The anterior part of the neck was shaved and the animal anesthetized 
in the cabinet ordinarily used for this purpose at the Institute of Experi- 
mental Surgerj' and Pathologv'.'®® After the animal had been properly 
arranged on the operating table, the anesthetic was administered by the 
intratracheal method. The part shaved for operation was then treated 
with tivo coats of 2 per cent iodine in ether and draped with sterile 
towels. A median line incision was made which extended from the 
cricoid cartilage to the jugular notch. After hemostasis had been accom- 
plished, sterile towels were clipped to the edges of the wound, thus 
excluding the skin from the area of operation. The incision was con- 
tinued down to the trachea in the median line between the hyoid depres- 
sor muscles. The pretracheal fascia having been cut through, a finger 
was inserted backrvard along the left side of the trachea and hooked 
around the esophagus which was then brought up into the wound. The 
recurrent lain'ngeal nen^es which are adherent to the esophagus were 
stripped off from it and the viscus isolated by blunt dissection. This 
method of approach to the esophagus is much easier than that between 
the sternomastoid muscle laterally and the hyoid depressor muscles 
medially. Enough of the esophagus was isolated to admit the applica- 
tion of two intestinal clamps between which the esophagus was to be 
dhided, the required length being about 5 cm. These clamps were used 
on } to occlude the lumen of the esophagus and so prevent the escape of 
secretion into the field of operation from either above or below. The 
pressure exerted by them rvas not sufficient to injure the blood supply. 
• er the damps were applied, the esophagus was thoroughly packed off 

gastro-enterostomy is to be per- 

»^h by scalpel or straight scissors, and the ends turned unward and 
'horougblv wined. TbP ""P" 
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anastomosis of the cut ends of the esophagus was then applied. Four 
or five interrupted inverting mattress sutures were inserted through the 
posterior half of the circumferences of the cut ends, the clamps were 
held close together to take tension off the sutures, which were then tied. 
The anteiioi halves of the circumferences were then drawn together by 
four or five similar sutures, each being tied before the next was inserted. 
The clamps weie taken off at this stage. 1.116 second row, a continuous 
suture inverting the first, was begun at the center of the anterior part of 
the line of anastomosis. Traction toward the left was put on the short 
end while the suture was continued to tlie right. Each bite of the needle 
included as much of the esophageal muscular coat as seemed necessary 
to prevent the cutting through of the silk. When a point about half 
way around the circumference was reached, the needle was passed under 
the esophagus to the left side. Traction was then exerted on the short 
end toward the right and the suture continued from left to right until the 
starting point was again reached. In this way the entire circumference 
of the esophagus was sutured with ease. This method of performing 
the outer continuous suture is technically easier than putting in its 
posterior half before the introduction of the mattress sutures, as in 
gastro-enterostomy. 

The esophagus was then replaced in its bed ; the hyoid depressor and 
sternomastoid muscles fell into place; three or four interrupted catgut 
sutures were used to draw together the deep cervical fascia, and the skin 
was closed by a continuous suture of buttonhole-twist thread. Hemor- 
rhage during the operation was not great. 

The postoperative treatment is of great importance in the success of 
the operation. It consisted in placing the esophagus at rest for seven 
days by not giving any food or water by mouth during this period. 
Water balance and nutrition were maintained by 10 per cent dextrose 
solution in physiologic solution of sodium chloride administered intra- 
venously in quantities varying from 200 to 350 cc. each day, according 
to the weight of the dog. At the end of this time the animal was allowed 
a mixture of milk and syrup for another period of seven days, after 
which ordinary food was given. 

I performed six operations by this method on the cervical portion of 
the esophagus at different levels (table). Stricture occurred in two of 
the animals, probably because too much of the circumfeience of the 
esophageal wall was grasped by some or all of the mattress sutures, an 
imperfection in technic which can be remedied with care. 

In only one of the six experiments did infection super\'ene. In the 
remaining five, the blood supply to the line of anastomosis was conserved 
sufficiently to prevent sloughing. 
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In the experiment in which sloughing of part of the line of anas- 
tomosis occurred, the operation was performed on the ino.^t vascnlar 
(lower) region of the cervical part of the esophagus; since a succc.ssftn 
operation was perfonned later in the same region, the failure can he 
attributed only to fauIU- technic. 

Four of the operations in which sloughing did not occur were per- 
formed on. the least vascular (upper and middle) regions of the cervical 
part of the esophagus. 

Results of the Dhision of the Suture of the Ccn'ical Portion of the Esofhomis 


level of 

Division of Results 

Cervical , * , 

Date of Portion of Infec- Steno- 
Dog Operation Esophagus tion sis 


1 12/ 6/27 Middle 

2 12/16/27 Upper 

3 12/lGf27 loner 

i 12'20'27 loner 

5 12/21/27 Middle 

C 12/21/27 Upper 


Comment 

Animal in good henitli to time ol doalli (2 27 2.M. 
eightV'four days after operation: large '■'red 
stomaeli tube pa'seil donn e«opbaBU» nltlioul 
difficulty tneuty-tno day- after operation 

The ptethysmograph bad l>een npplie<l to the cplom 
previouhy: the animal died suddenly seven ilays 
after operation; necropsy did not reveal the cause 
of death, a fen adhesions ncrc found around the 
esophagus at a level of the line of nnn«tomo=i«, 
stenosis was absent 

At operation this part of the cervical portion of 
the esophagus nas found to lie noticeably more 
vascular than the upper and middle part'- (in 
agreement with observations in investigation ol 
the blood supply to the esophagus); swelling of 
the neck fifth day alter operation: 130 ce. of loul- 
smelling pus evacuated: animal died tlic sevontli 
day after operation; necropsy showeel sloughing 
of the anterior haif of the line of anastomosis, 
posterior half intact, infection of the neck 
remarkably localized, in spite of low level ol site 
of operation mediastinitis was not found 
Animal alive and in good health; no dysphagia 
Animal swallowed only fluids up to time of eloath, 
thirty-six days alter operation; necropsy showed 
bilateral - • (j aspiration), 

marked above stricture 

Animal ali , but swallowing 

fluids only 


The results of these operations show that this method of suture 
allows for a supply of blood to the line of anastomosis plentiful enough 
to prevent sloughing and ensure union, even when the esophagus is 
divided in the least vascular regions of its cerydcal part. 

Further experimental surgery along these lines, which will include 
resection of the cervical portion of tlie esophagus, together with division 
' u resection of its thoracic portion, is being carried out. 




witlfa development of surgery^ of the esophagus 

end o‘{ ^he literature on the subject up to the 

m r. procedures in this sphere 

- difficult and which still remain to be overcome have been drseusTed 
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They lie in the anatomic structure and relationship of the esophagus and 
in the lisk of fatal infection of the pleura and the cellular tissue of the 
neck and mediastinum. 

1 he numerous o])erations devised and performed for the extirpation 
of esophageal carcinoma have resulted in an appalling mortality. 

It is pointed out that such tumors are highl}^ malignant, that they 
metastasize readily, and that h}'' the time they give rise to S 3 anptoms they 
usually liave spread bej'ond the limits of surgical removal. 

1 he various methods used for the plastic formation of a new 
esophagus in cases of benign cicatrical stricture believed to be 
impermeable are described. There is a mortality of 20 per cent in the 
cases reported in the literature; in addition, several operations are 
necessary and they require months for completion, and completion is 
b}'^ no means assured. These reasons render plastic operations unde- 
sirabk pracedares, to be avoided by early and adequate dilation and by 
impressing on the patient the necessity for further dilation at stated 
intervals. 

It would seem, too, that plastic operations have been undertaken 
unjustifiably in many cases, the inability to pass the smallest sound 
being taken as the indication of impermeability. In nearly all such 
cases, however, a swallowed silk thread can worm its way through the 
stricture and then be used as a guide for sounds. 

Pharyngeal diverticula are considered to be true sacculi and traction 
pouches to be true diverticula. The latter rarely require surgical treat- 
ment. The results of removal of pharyngeal sacculi by the two-stage 
method show that it is associated with lower mortality than the one- 
stage operation, and in consequence is practiced more commonly. 

A method of suture which has given satisfactory results is described 
for the end-to-end anastomosis of a divided esophagus. The suitability 
of this method as a means of anastomosing the two cut ends of an 
esophagus after a portion of it has been resected is being investigated. 



A NEW ABDOMINAL INCISION* 


J. TATE MASON, ^5.D. 

SEATTLE 

The type of incision employed is one of the most im|X)rtant factors 
in the ultimate results obtained in operations on the abdomen. Sir 
Barkley Jloynihan, in his chapter on abdominal iucismns, stated that 
if the incision is improperly made by the free division of muscular 
fibers or a wilful and unnecessary severing of nerve trunks a weakened 
area is left in the abdominal wall, which may cause the patient di. 'tress 
of even greater severity than did the condition which primarily necessi- 
tated the operation. It would seem that the qualifications which should 
commend an abdominal incision are; that it give adequate exposure, 
disturb a minimum number of nerve at\d muscular fibers and be so 
placed that closure is simple, and that a minimum number of post- 
operative hernias follow its use. 

1 feel that there have been too many postoperative hernias following 
midline incisions or long incisions of the right rectus muscle and that 
a change from the old routine incision of the upper part of the abdomen 
should be made. I believe that the incision which I wish to present may 
be closed with less tension on the edges of the wound, will cut no 
muscles and will disturb few nerves; these are factors which should 
produce fewer postoperative adhesions, less abdominal pain and fewer 
postoperative hernias. 

My experience again would lead me to believe that there are a large 
number of weak scars of the upper part of the abdomen following all 
hTes of incisions of the upper part of the abdomen now in use. 
Sloan s ^ report of weakened abdominal walls in 80 per cent of his 
cases coincides with my experience. In many instances there was no 
hernia but the abdominal wall was so tlu’n that the constant wear and 
tear of a number of years, plus any slight strain, might be followed by 
a definite hernia. Obseners. from Abel = in 1899 to the present time, 
ba\e reported from 2 to 8.9 per cent of postoperative hernias. These 
percentages must be based on short postoperative periods of obsen.'a- 
tion. yiy statistics would lead one to believe that the percentages, 
w ;en based on five year periods of postoperative obsen-ation, are much 


* Submitted for publication, March 16, 1929. 

«:t7sTxo;.f 19^' Snrg. Gynec. Obst 

2- Abel : Progressive Medicine, 1899. 
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J he rule that the frequency of hernia increases in proportion to the 
square of the length of the incision does not indicate as great incidence 
in the long incision as really exists. In the olden days, when drainage 
of the gallbladder was done more frequently than now, one frequently 
saw a short incision, approximately 3 inches (7.6 cm.) in length. One 
did not see many hernias or weak scars among these patients, but at 
the present time, when cholecystectomy plus appendectomy is in vogue, 
a great number of hernias occur in the long straight incisions, usually 
a little to one side of the rectus muscle. 

The nerve supply of the rectus muscle is so situated that splitting 
the muscle for any distance will sever the nerve fibers and leave the 
inner side of the rectus devoid of nerve suppl 3 ^ In most of the cases 
in which a wide vertical splitting of the rectus fibers has been performed, 
atrophy of the inner side of the muscle occurs, owing to the cutting of 
nerves and to the dissociation of muscles and nerves at the time of the 
operation. One was at a loss to understand, at first, why these patients 
left the hospital with a fairly firm wound, and, as time passed, subse- 
quent observations revealed a progressive thinning of the wound until 
a hernia developed or became imminent. Now it is realized that these 
developments were the result of muscle atrophy. This realization encour- 
aged the efifort to refrain from splitting the muscles if possible, and 
thus to conserve the nerve supply. 

As Moschcowitz ® stated ; 

The rectus muscle is attached only anteriorly to the sheath and even here only 
at the three so-called lineae transversae, while its attachment to the posterior 
sheath is very loose and readily broken up. The lineae transversae, before men- 
tioned, do not penetrate the entire thickness of the muscle but merely the anterior 
third or half. 

On investigation I found these statements to be “anatomic facts,” 
and thus I obtained the idea of rolling the muscles away from the pos- 
terior sheath, leaving it attached in its outer two-thirds to the anterior 
sheath, as will be described later in a drawing. 

In addition, interesting investigations have been made by Professor 
Stopford and Mr. A. H. Southam,-* who describe them as follows : 

We first examined the results of the incision passing through the outer third 
of the rectus muscle, splitting the fibers, and where two, or often more, ner\es la 
been divided. This incision is easily and rapidly made and gives good access to 
most of the abdominal viscera. We found there was a very definite sensory oss, 
as shown by anesthesia and analgesia in the strip of skin between the scar an t le 

3. Moschcowitz, A. U.; Transverse Incisions in the Upper Abdomen, Ann. 
Surg. 64:268, 1916. 

4. Southam, A. H. : A Comparative Study of Abdominal Incisions, Brit. 

M. J. 1:513 (March 22) 1924. 
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liaeae alba. After about fifteen months, however, the 
negligible, as far as ordinary testing can determine, probably 


sensory loss becomes 
owing to regeneration 


of nen-e fibers. ^ . 

In all these cases there was a marked loss of function of that part oi the rectus 
muscle lying between the point where the fibers were split and the mulhnc. This 
may be fairly extensive or confined to one segment of the muscle, depending upon 
how many nm'es have been divided. It is present from the outset and persists tor 
a considerable period. In a few cases there was a slight bulge when coughing but 
for the most part the loss of muscle function could only be detected when the 
patient raised the head and shoulders from the couch. The functional results 
from the patient's point of view were excellent, and after secure suture and 
healing by first intention, no disability was apparent from the abdominal scar. 

We next followed up the results obtained by the paramedian or rectus slide 
incision with outward displacement of the muscle and its nerves. In those cases, 
for some reason not readily explained, the sensory loss is insignificant from the 
start. We found that in this group the rectus muscle on the side of the scar 
functions normally throughout, and there is no weakness discoverable after this 
operation. 


Sloan has given some interesting and instructive information on 
the subject of vertical and lateral tension in an abdominal incision. By 
measuring the tension with spring scales attached to several forceps 
with lateral, transverse and “L”-shaped incisions, he found that the 
amount of tension increases approximately in proportion to the square 
of the length of the incision. In an incision 3 inches long, with the 
patient lightly anesthetized, there is about 30 pounds (13.6 Kg.) and 
in a 5 inch (12.7 cm.) incision there is about 80 pounds, (36.3 Kg.) 
tension. Another interesting point is that there is about thirtr- times 
as much tension from side to side on a longitudinal incision as there 
IS from above and below on a transverse incision. The tension of the 
transverse incision can be lessened by a suitable posture, which has 
been suggested by Farr, in operating with the patient under local 
anesthesia. 


I have found that the tension depends somewhat on the musculature 
of the abdominal wall. In a small woman with a thin abdominal wall. 
It IS rarely possible to get more than from a 15 to a 20 pound (6.8 to 
y Kg.) pull on the scales when she is lightly anesthetized, while on a 
muscular man I have seen the scales go up as high as from 50 to 60 
pounds (22.7 to 27.2 Kg.), approximating a 6 inch (15.24 cm.) incision 
unng the time he was straining. 

postoperative adhesions, it cannot be stated 
over another, because 

I ncision and the method of closure. I have noticed, hower-er 

or in nWcl‘,l.er? "’’t '“oion', 

T>orit.^ a hernia, adhesions to the parietal 

Pon,o„e„m n ere present in dose proxinrity to the indsion. From these 
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ob.serva(inii.s, it would sccmii that a slroiif^ firm scar is of primary impor- 
fajicc in t/ic prevention of jwstoperative parietal adhesions. 

1 shall dc.scribc a longitudinal and transverse incision that has been 
developed in the clinic within the past two years. It has been used 
forty-six times and, excc])ling one ca.se in wliicli tlic patient had a 
severe hronchopemnnonia and coughed incessantly for days, has given 
uniform satisfaction. In tliis one ease there was a .slight separation 
of the transvcr.se suture line, which was rcsiiturcd immediately with a 
satisfactory result. J his incision is based on the principle of the 
Kammerer incision, that of displacing the rectus muscles outward, 
and of the Mayo operation for the relief of umbilical hernia. 

OI’EUATIVK PKOCEOUJU! 

A de.scription of this incision follows: 

Step I : Tlic incision i.s licRtin jn.sl (o tiic left .aiicl lielow the ensifonn cartilage. 

It is earned dowmvard through flic skin am! fat to the nicclian of tlio fascia 
Covering tlic left rcctirs niii.scle. TJie incision is lengthened downward along the 
rectus nitt.sclc to witliin 2 or .1 cm. of tlie umbilicus; then it is carried straight 
acros.s the inidline to the riglit rcctius miKsclc and downward along that muscle 
from 4 to C cm. 

Step 2: The anterior .surface of the left rectu.s muscle i.s cleared of fat. The 
fascia i.s al.so cleared well in the tran.sver.se and right rectus incisions. 

Step .1; The fascia on tlic inner third of the loft rectus muscle is split the 
Icngtix of the incision. A transverse incision is then made from one rectus muscle 
to tlic other. 7'lie fascia on the inner one third of the right rectus muscle is then 
opened. 

Stej) 4 : I'lie muscles are rolled outward and the peritoneum opened behind 
the left rectus muscle. A transverse incision through the peritoneum just above 
the iimbilicu.s completes the incision. This gives ample exposure for any operation 
in the upper part of the abdomen and allows the oiierator to reach and remove 
a retrocecal appendi.x in the lower right quadrant. 

Tile following is the method of closure; The patient is placed in a flexed 
position. The transverse incision is first closed before the peritoneum is sutured. 
The siifiirc is made after the manner of the Mayo repair of umbilical hcinia, 
imbricating the upper with the lower flap .securely with from two to three mattress 
sutures. 7'hc approximation of tliis part of the wound is facilitated by the flexed 
posture tliat has been advocated by Farr. The peritoneum of the upper part of 
the wound is then closed scjiaratcly. The muscles arc allowed to diop back in 
their shcatlis and the aponeuroses arc sutured in the nsiial manner. 

CONCLUSIONS 

A new abdominal incision is described for wliich the following 
advantages are claimed : The exposure is greater than in any incision 
that J have ever tried. It is ca.sy of closure. It is a combination of a 
longitudinal and a transverse incision, allowing the wear and tear of 
years of tension on a scar line to fall on both of the recti muscles 
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‘'ig. 4— The anterior sheath of the rectus muscle is severed to just above the 
umbilicus, and the left rectus is retracted to the outer side. The diagnosis is 
tnade through this upper incision when the operator decides if the incision should 
he extended to a transverse and right rectus. The dotted line indicates the com- 
plete incision. In the insert, a section is shown with the muscle retracted, X 
indicates the position of the incision through the posterior sheath. 
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Figure 7 


Figure 8 



Fig 7.— First step in the closure. The 

imbricated after the manner of the Ma 3 'o suture above and 

lowing the imbrication, the peritoneum is closed with a running suture 

below the transverse incisions. 

FJg. s —The muscles are allowed to fall back in their 2 

the sheath, and the sheath is closed with a running su ur 
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Fig. 9.— The same n n<. f ■ • - Figure 10 

abdomen One half ofThr" ^he lower part 

-pold'" »«'■•. showing ,igh, g„d lef, rectus muscles 
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Figure 11 Figure 12 

Fig. 11. — The muscle is separated. The left rectus emerges from the sheath 
above, and the right rectus from the lower sheath. 

Fig. 12. — The closure is the same as in the upper abdominal' incision. The 
fascia of the transverse portion of the incision is imbricated from 1 to 2 cm. 
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instead of on one. The strain of abdominal pressure is exerted on the 
scar in three different places, practically as if there had been three 
incisions. I have designated the incision as a “three in one incision” 
because while the abdomen is open it is really one continuous incision, 
but after closure the effect is that of three distinct suture lines. I 
believe that this incision lessens the number of postoperative hernias, 
because after closure the effect is that of three short incisions. As 
mentioned it has been shown that “the shorter the incision the fewer 
the hernias.” Also, only a few twigs of nerves need be severed and 
no muscle fibers are cut. 



OPEMIVE RELIEF FROM PAIN IN LESIONS OF 
THE MOUTH, TONGUE AND THROAT * 

WALTER E. DANDY, M.D. 

BALTIMORE 


The recent development of an operative attack on the tngcnnnal and 
glossopharyngeal nerves at the brain stem for the cure of trigeminal 
and glossopharyngeal tic douloureux " at once suggested the permanent 
relief from pain in which the peripheral distribution of both of these 
nerves are responsible, namely, in chronic ulcers, burns from radium or 
malignant lesions of the tongue and throat. 

The exact form of treatment by which relief from pain is to be sought 
will necessarily depend on the character, location and rate of growth of 
the lesion and the general state of the patient s health. At times morphine 
or other strong sedatives may be the treatment of choice. For the relief 
from pain confined to the interior or superior maxillary nerves an injec- 
tion of alcohol into the peripheral branch may be indicated. Obviously, 
the operative relief from pain is intended only for a selected group of 
patients whose general condition and expectancy of life is such as to 
make it seem advisable. 

Since the tongue and pharynx are supplied by two sensory nerves, 
the glossopharyngeal and the trigeminus, chronic lesions frequently 
overlap from the domain of one nerve into the other. Under such con- 
ditions, the exclusion of only one nerve will have little effect on the 
intensit}- of the pain. Both nerves must be divided to give relief. 

The trigeminal nerve supplies all of the inner side of the mouth, 
most of the roof and the floor of the mouth, the anterior two thirds of 
the tongue and the nasal sinuses. The glossopharyngeal nerve supplies 
sensation to the posterior third of the tongue, the uvula and the poste- 
rior part of the soft palate, the posterior wall of the pharynx and the 
^sterior surface of the epiglottis. Pain is always greatly intensified 
in ulcerations of the month and pharynx because of the passage of 
liquids and food over the exposed ner\-e endings. The pain may also 
be much increased by applications of radium. 

The proposal, therefore, for the relief from pain (in selected cases) 

icn the sensory fibers of both nerves are involved or will later prob- 
^ J be involved is the intracranial division of both the fifth and the 
nerres. Since the intracranial positions of the trigeminal and 


* From the Johns Hopkins Hospital and Universiw. 

Ike Pons'lp;J'-^-' Sensor,- Root of the Trigeminal Nerve at 

Hosp. 360 the Operative Procedure, Bull. Johns Hopkins 

iS'.19S Neuralgia (Tic Douloureux), Arch. Surg. 
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glossopharyngeal nerves nre in such dose proxin^y, precisely the same 
appi oach (siibcerebcllar) has been used in each procedure. It is possible 
to divide both nerves at the brain stem almost as easily as either. The 
sensory root of the trigeminal nerve can be severed with much greater 
ease and with far less time by this new procedure, which has been used 
exclusively for the past two years at the Johns Hopkins Hospital and 
University, than by the older approach along the floor of the temporal 
fossa (Hartley-Krause). After a small unilateral bony defect has been 
made, onl}’ a few minutes are required to divide the sensory root of the 
fifth neivc either entirely or in part, and onl}’’ a few additional seconds 
ai e needed to resect the glossopharyngeal trunk. Other great advantages 
of this loule for section of the trigeminus are (1) the constant absence 
of injuiy of the motor branch of this nerve and (2) the almost complete 
absence of corneal redness and ulceration — the two principal deterrent 
features of the TrartIe 3 ’'-I'Crausc method. (3) For reasons not yet defi- 
nitel}' ascertained, some sensation to the face is usually but not alwa)'^s 
retained. 

REPORT OP A CASE 

A sallow, undernourished man, aged 40, was suffering terrific pain in the 
region of an old ulcer on the right side of the tongue; the pain radiated to the 
back of the throat, the right ear, the lips and teeth on the right side, the inside of 
the cheek and the right half of the bard palate. The pain was present almost 
constantb', and though alwa}'s severe, the intensity varied from time to time. 
Exacerbations of the pains always resulted from rubbing the mustache and 
shaving or lightly rubbing the lower part of the face on the right side. The 
inside of his mouth burned like fire on the right side. Chewing and swallowing 
so greatly increased the pain in the mouth and ear that he was afraid to eat or 
drink. The pain was not relieved by any sedative. It was finally necessary to 
resort to morphine, and many strong doses rvere required to bring relief. During 
the three weeks before operative relief was obtained, it had been necessary 
to give 130 doses of morphine. The patient became desperate and belligerent 
until the large amounts of morphine reduced the pain to a point of toleration. 
Most of the right half of the tongue had been removed several months previously 
for a chronic ulcer, presumably carcinomatous. A few weeks later, the glands 
of the neck were removed on the right side. Microscopic sections, however, 
failed to show carcinoma, either in the ulcer of the tongue or in the glands^ of 
the neck. Since the ulcer followed in the wake of a healing Vincent s angina, 
it is more probable that the original ulcer was benign. Six weeks after the 
operation on the tongue, radium needles were implanted, and thereafter the pain 
became violent and unrelenting. On the lateral border of the tongue was a con- 
tracture due to the healed lesion. It was covered with epithelium and was not 
indurated. Actual ulceration was not now visible. 

Ope?-afion.~Sept. 18, 1927: A unilateral cerebellar exposure ryas made on 
the right side. The bony defect extended to tire mastoid cells, which, however, 
were carefully avoided. The cisterna magna was punctured, releasing a large 
amount of fluid and thereby affording ample room for a subcerebcllar exposure. 

The cerebellum was lifted with a spatula until the cisterna lateralis was broug i 
into view. After evacuation of the fluid of the lateral cistern, one could at once 
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see the series of cranial nen-es on this side. The ninth and the fiUh nerves were 
easily i>:olated and divided, the former with scissors, the latter with a tmy knitc 
at right angles to a long fle-xible shaft. The division of both nerves attcr tlm.r 
exposure probably did not consume more than five minutes, the entire operation 

taking about forty minutes. _ ... 

The postoperative course was uneventful. The patient was immediately 
relieved from all pain, and despite the large doses of morphine which had been 
given before operation, there has been no further need or desire for the drug. 
His color, general appearance, weight and behavior rapidly improved. .At the 
time tliis report was written (Feb. 1, 192S) the patient was back at work and 
in perfect health. He has gained 30 pounds (30.6 Kg.) in weight, and has been 
entirely free from all pain since the operation. 



Pig- 1. Operatire approacli to the fiftli and the ninth nerves at the brain 


-XtTER-EFFEC-rS OE OEERATIO:^^ 

The after-effects of the opeartion are confined to the loss of sen- 

However, in not 

divided 1 the glossopharyngeal nerve alone was 

the loss of t r of this sensorv- loss, nor has 

althotmh th E been noticed, 

O' er the trir^hir' ' 

fete,«d „ T'’' tensation over the 

-note atet a „V ‘’"n ) “a 

tected. and over the tlnrd branch, the loss is a little more. 
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Touch is preserved over all !)ranclics, but most acutely over the first 
branch. Heat and cold can be differentiated over all branches, but most 
keenly over the first branch. The corneal reflex is retained. This 
seeming paradox, i. e.. preservation of sensation, is the usual story and 
gieatly j educes the subjective feeling of great numbness which obtained 
after the old operation. It is not due to partial severance of the nerve 
as might be suspected. Perhaps there are sensory fibers accompanying 
the motor branch of the nerve which is always preserv'ed intact. 

INDICATIONS FOR AND ADVANTAGES OF THE OPERATION 

When the sensory domain of the glossopharyngeal nerve is invaded 
by carcinoma or a chronic or incurable lesion, relief can be obtained 
only through section of the ninth nerve.- Alcoholic injections of the 



Fig. 2. — Scar of patient whose fifth and nintli nerves were divided intra- 
cranially. The photograph was taken ten days after operation. 

nerve are practically precluded because of the intimate relations between 
the peripheral fibers of the vagus, and also because of the fact that the 
glossopharyngeal nerve lies in the sheath of the jugular A'ein and close 
to the internal carotid artery. Peripheral section of the glossopharyngeal 
nerve in the neck is much more dangerous than intracranial section of 
the nerve because of the intimate association with the vagus nerve, 

2. T. Fay recently divided the ninth nerve intracranially and tlie upper three 
spinal sensory roots by a combined laminectomy and cerebellar exposure. He 
thought it necessary to divide this group of nerves because the more distant s m 
areas of the neck had been invaded by an ulcerating carcinoma which was primary 
in the neck (Intracranial Division of the Glossopharyngeal Nerve Combined with 
Cervical Rhizotomy for Pain in Inoperable Carcinoma of the Throat, Ann. Surg. 
84:456, 1926.) 
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iniun- to which induces profound disturbance ot deglutition. I hc \agus 
has always been injured when section or avulsion of the glossopharyngeal 
nerve has been attempted in tire neck. iJ.Ioreover, intracranial section 
of the central fibers of the ninth nerve makes their regrowth impossible, 
whereas after peripheral division, the pain would doubtless return. 
Intracranial section is easier and almost devoid of danger. 

Should the domain of the trigeminal nerve alone be involved, and 
the involvement be only on one side, the relief from pain offers tnc 
choice of two methods, (1) injection of alcohol and (2) intracranial 
section (either partial or total) of the sensory root of the trigeminus. 

If the lesion is a carcinoma and so rapid in its growth that the duration 
of life is probably a matter of few months, the injection of alcohol into 
the inferior or superior maxillan,' branches of the trigeminus would be 
preferable. 

However, should the probable duration of life be many months or 
years, or should the lesion be such that the duration of life is not directly 
affected, dirision of the trigeminal nerve intracranially by the cerebellar 
route is far superior to the repeated and painful injections with the added 
loss of the muscles of mastication. 

But when wdth the same expectancy of life the lesion is such that the 
sensorj' domains of both the ninth and the fifth nerves are involved, 
injections of alcohol will be futile. Intracranial section of the ninth 
tieive alone will give relief in its distribution ; and, as previously noted, 
when this is done the sensory branch of the fifth nerve is already in view 
and can be easily divided. It need not be emphasized that when the sen- 
sory root of the fifth nerv'e is divided through the temporal route 
(Hartley-Krause operation) it is not possible to section the glossopharym- 
geal nen^e at the same time, for it is far afield of this exposure. ore- 
over, there is far less hesitancy in advising division of the sensory branch 
ot the trigeminal nerve by the cerebellar route than by the temporal 
approach since trophic disturbances of the eye are eliminated and 
injury to the motor branch of the trigeminal ners’e (muscles of masti- 
cation) never occurs ; finally, the operation has not been attended with 
mortality. 

There remain the possibilities of relieving pain when the lesion is in 
fiK tongue, mouth or pharynx, and involves the sensory 

ers of both trigeminal, or of both ninth, or even perhaps of all four 
nerves. The cerebellar approach to the intracranial part of these nen^es 

i1 ^Ti' ^ bilateral exposure by enlarging the unilateral into 

m bilateral approach which is more or less routine in operations for 

glossopharyngeal and both trigeminal 
tri-cmimr''^ sacrificed, one can only infer. In a case of bilateral 
^eininal neuralgia, the sensory’ roots of both trigeminal nerv^es have 
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been cliyidcd by this approach at one sitting and with no added operative 
difficulties other than the greater time consumed in making a bilateral 
instead of a unilateral cerebellar exposure. The additional division of 
both ninth nerves, while not difficult technically, might well be imprac- 
ticable because of the loss of the gag reflex. 

Whether chronic lesions of the tongue or nasopharynx would ever 
present the need of such operative relief, I am not prepared to say. 
In such cases, bilateral alcoholic injections of the inferior maxillary 
nerve would be precluded because both motor branches of the trigeminus 
would be paralyzed and swallowing made impossible. Relief from such 
pain could hardly be obtained safely except by section of the sensory 
roots at the pons where the motor roots are safely removed. 

Whether both glossopharyngeal nerves could be divided for the relief 
from pain cannot be answered by precedent. Though technically easy 
and safe, the absence of the gag reflex on both sides would probably 
make it impractical. Division of either the ninth or the fifth nerve, 
or of both on one side, may also be of advantage in permitting the 
application of radium to a malignant lesion without pain, immediately 
or subsequently. 

SUMMARY AND CONCLUSIONS 

An operation is presented for the complete and permanent relief 
from pain associated with chronic, benign and malignant lesions of the 
mouth, nose, tongue and throat. When the pain is referable to the 
sensory domain of both the glossopharyngeal and trigeminal nerves on 
one side, there is no other way of permanent relief. Under such con- 
ditions the glossopharyngeal nerve and the sensory root of the trigeminus 
can be divided at the brain stem (subcerebellar approach), both nerves 
being exposed simultaneously in the same operative field. Both neives 
can be divided easily, quickly and with little danger to life or function. 

Note : Since this article was sent for publication, three additional cases of 
combined fifth and ninth nerve divisions have been performed. ^ In two of the 
patients the upper three cervical sensory roots have also been divided intradurally 
because the malignant lesions had extended into the domain of the cervical nerves. 
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FISTULA * 


M. G. SEELIG, 

AND 

J. J. SINGER, M.D. 

ST. LOUIS 

During September, 1927, we saw a patient in whom a bronchobiliary 
fistula developed. The infrequency of this type of lesion prompted us 
to collect and analyze the literature on bronchobiliary fistulas. e had 
just instituted our studies when the admirable article by Morton and 
Phillips^ appeared, making it not only unnecessary but e\cn unwise to 
publish another detailed report. In the paper by islorton and Phillips 
Mail be found everr-thing pertaining to the historj'. etiology, pathologic 
characteristics, siauptomatolog^', prognosis and treatment of broncho- 
bilian’ fistula. How^ever, it may be worth while, in a condition so 
unusual, to submit a report of the case of our patient merely as a 
matter of record. 

REPORT OF .A. CASE 

L. R., an obese, white, married multipara, aged 39, was operated on ior appen- 
dicitis by one of our colleagues in St, Louis, in the hope of relieving headache, 
constipation, nausea and pain in the lower right quadrant. The appendix was 
found to be inoffensive, and exploration of the abdomen ridded no positive infor- 
mation. She was discharged on Sept. 27, 1921, feeling very well. Six weeks later, 
pain developed in the upper right quadrant, radiating to the back, and was accom- 
panied by nausea and vomiting; the pain occurred in attacks, but was unaccom- 
panied by jaundice or febrile sjTnptoms. Her surgeon decided that the symptoms 
warranted a direct exposure of the gallbladder. The gallbladder, containing three 
stones, was small, and bound down to the liver and the duodenum so firmly that it 
was removed with much technical difficulty. The cj'stic duct was clamped, and 
the clamp was left in situ for several days. Six days after the operation, a biliary 
fistula established itself, and when the patient was discharged from the hospital, 
e\ght weeks after operation (April 12, 1924), there was a free discharge of bile 
from an abdominal fistula in the operative scar. 

Six months later, the patient was readmitted to the hospital, complaining of 
prostration, nausea without vomiting, universal pruritus and persistent diarrhea. 
She was deeply jaundiced, the stools were day-colored, showing no trace of bile, 
snd the biliary fistula discharged profusely. At that time, pain was a negligible 
tactor. Her surgeon, suspecting that he had overlooked a stone of the common 
m. attempted to locate and remove it; however, owing to dense adhesions and 
e poor physical condidon of the patient, he was unable to locate the duct. After 
t li operation, the patient was seen by Dr. Evarts Graham, who expressed the 
opinion that there was an obstruction of the common duct, the nature of which 

* Submitted for publication, Feb. 2, 1929. 

* From the Chest and Surgical Sendees of the Jewdsh Hospital, St. Louis. 

16:697 (SchWpk ^istuH, Arch. Surg. 
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was not entirely clear, but which was probably the result of an injury to the tfuct 
at the time of the former operation, with resultant stricture, and that another 
surgical attempt should be made to relieve her. 

^ We concurred fully in the opinion of Graiiam, and on Nov. 25, 1925, an opera- 
.tion was performed. This operation, which was technically difficult owing to the 
obliteration of all landmarks due to dense adhesion and the absence of the gallblad- 
der, disclosed that the lower portion of the common duct was missing. Between 
the stump of the duct and the duodenum there was a gap of inches (5.77 cm.). 
The diiodcmmi was mobilized, and a small catheter was fixed in the end of the 
common duct which led into the lumen of the duodenum through a puncture of its 
superior wall ; the duodenum and common duct were then approximated so that 
they just touched. Sutures held these two structures in loose apposition, and 
omentum was wrapped around the site of the anastomosis. Following the operation, 
the stools became colored, the discharge of bile through the fistula ceased, the 
jaundice cleared up and the patient rapidly returned to a normal condition. The 
catheter was passed by rectum on the twenty-fourth postoperative day, and the 
patient left the hospital in excellent condition a month after the operation. 

Ten months later, on Sept. 24, 1927, the patient was readmitted to the hospital. 
She said that she had not felt normal since the last operation; however, she was 
able to do her work and was not compromised by any definite symptoms pointing 
to the biliary tract until eight months after operation, at which time she had an 
attack of nausea and vomiting which lasted three days. Jaundice was not present, 
though she was almost constantly plagued by pruritus. She did not consult a 
physician, in spite of the fact that the attacks of nausea and vomiting were repeated 
at frequent intervals. Finally, after a month of the illness and three days before 
admission to the hospital, she had a violent attack of pain in the right upper 
quadrant. 

Symptoms and signs at that time were as follows: deep jaundice, j'ellow sclerae; 
pale gray stools; highly colored (bile) urine; constant and severe general pruritus 
with dermatitis from scratching (till blood flowed) ; acute pain in the region 
of the liver referred to the back and right shoulder; nausea and vomiting; a tem- 
perature of 102 or 103 F., and chills. Physical examination disclosed evidence of 
compression of the lower lobe of the right lung. Fluoroscopy and roentgenograms 
showed a high fixed diaphragm on the right side, a normal upper lobe of the right 
lung with a compensatory air content in the left lung. The white blood count 
ranged from 13,000 to 22,000. 

The history and the previous operations, symptoms and physical signs all pointed 
to an obstruction of the bile passages complicated by subphrenic abscess or pneu- 
monia of the lower lobe of the right lung. An exploratory operation was decided 
on, but the condition of the patient was grave, and it was decided to wait a few 
days. On September 27, definite bronchial breathing with increasing dulness in 
the lower lobe of the right lung indicated pneumonia. Under these circumstances, 
operation was postponed. When a roentgen examination was made at that time, 
we found evidence of a dense shadow in the lower lobe of the right lung extending 
up to the fourth rib anteriorly. A diagnostic pleural puncture was made, but no 
fluid was found. 

The usual expectant treatment for pneumonia was instituted. On September 30, 
the patient coughed up lemon-colored sputum which had a bitter taste. T e 
Gmelin test showed the presence of bile. For the next few days, the patient 
raised considerable purulent sputum heavily stained with bile. The jaun ice c care 
rapidly with the discharge of the bile through the bronchobiliary fistula 
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SEELIG-SINGER—BROXCHOBILIARY VISTULA 

On OcL 5, 1927, an attempt was made to outline the brondiohilinry fistula 
by the introduction of iodized oil into the bronchial tree. Unfortunately, we were 
unsuccessful in this procedure. The patient improved gradually, and the signs oi 
the pneumonic condition of the lobe of the right lung diminished. Tlie patient was 
discharged from the hospital on October 22, much improved. At the time of 
writing, one year later, she showed recurrent attacks of jaundice, but neither pain 
nor cough. 

COMMENT 

Bronchobiliar}' fistula is unusual, and in this case was not considered 
a possibility until bile appeared in the sputum. At the time ot the 
illness (Sept. 9, 1927), it was thought that the fever, chills and signs of 
septic pneumonia were secondary to a subphrenic accumulation of bile 
and pus. One occasionally sees bile leakage accumulate either in the 
subphrenic space or in a dead space about the cystic duct. This fluid 
frequently gives rise to considerable pain and to jaundice until the 
pocket is opened. It is most probable that the dilatation of intrahepatic 
bi!iar\- passages occurred, with secondary inflammation, leading to 
abscess formation and perforation into the subphrenic space. Later, the 
subphrenic abscess perforated the diaphragm, establishing a bimucous 
fistula between the bronchial tree and the intrahepatic bile capillaries and 
ducts through the intermediate agency of a suppurative pneumonitis. 
Prompt relief from symptoms followed the expulsion of bile and pus 
through tlie bronchial tree. It would have been instructive to have 
obtained a picture of the two connecting cavities oi lung and liver with 
iodized oil, but the attempt to introduce the oil through the lung was 
unsuccessful. A study of the literature shows that this procedure was 
attempted by Oltiker.- with negative results. A study of the roentgeno- 
grams showed clearly the pulmonary lesion at the time of the acute 

symptoms and the clearing up of the pneumonic shadow after the bile was 
expelled. 


2. Oltiker, quoted by ilorton and Phillips (footnote 1, page 737). 


ENDOMETRIOMA OF THE TERMINAL ILEUM, 
APPENDIX AND CECUM * 

F. R. G. STARR, C.B.E., M.B. 

TORONTO 

Since Sampson s ^ exliaustive article on perforative hemorrhagic 
(chocolate) cysts of the ovaiy, one finds from time to time many and 
vai ied evidences of endometriosis. I have seen several such cases ^ in 
whicli the appearance of tlie uterus closel}'^ resembles a leiomyoma, but 
in which theie aie many firm dense adhesions to the ovaries, pelvic wall, 
rectum and sigmoid. In these cases, when trying to arrive at a definite 
diagnosis, there has alwaj'S been one definite symptom of which all the 
patients have complained, pain in the rectum preceding and often accom- 
painung defecation. 

The case I shall describe is, I think, unique in that there has never 
been any menstrual disturbance, and the patient has always been con- 
sidered a strong, healthy member of her sex. 

REPORT OF A CASE 

Dr. Donald i\facGillivraj' asked me to see a maiden lady, aged 38, on the 
evening of Jfarch 16, 1927. The history was that for several days she had 
e-xperienced some discomfort in the right side of the abdomen, which had become 
more pronounced during tlie previous night. There had been some constipation, 
and associated with this there ^vas some nausea but no vomiting. On examination 
tenderness was found in the right iliac fossa, a comparative rigidity only, but at 
times a mass could be felt. When this was palpated, a peristaltic wave was 
observed to extend to the mass. There was evidence of free fluid in the peri- 
toneal cavity. I took this to mean a slowly leaking appendicitis, around which 
omentum had become lapped, and as the inflammatory reaction increased a partial 
obstruction had developed. The leukocyte count was 14,000. 

When the abdomen was opened, a considerable amount of turbid serum was 
evacuated. When the cecum was brought into the wound, accompanied by the 
terminal ileum, no appendix could be seen, nor was there any omentum around 
the mass, A careful inspection was made to ascertain if the appendix was buried 
in the posterior wall of the cecum, but none could be found. Because of the 
almost complete obstruction, a resection was decided on. The terminal ileum 
about 6 inches (15.24 cm.) from the ileocecal valve, the cecum and part of the 
ascending colon were removed, and an end-to-end anastomosis was done over 
the rubber tube.’ The convalescence was uneventful, the tube being passed per 
rectum on the seventh day. The patient has continued in perfect health. 


* Submitted for publication, Feb. 11, 1929. 

1. Sampson, J, A.: Perforating Hemorrhagic (Chocolate) Cysts of the 
Ovary : Their Importance and Especially Their Relation to Pelvic Adenomas of 
the Endometrial Type, Arch. Surg. 3:245 (Sept.) 1921. 

2. Shirer, J. W.; Canad. M. A. J. 18:151 (Feb.) 192S. 

3. Starr, F. N. G. : Tr. Am. Surg. Soc. 40:260, 192.2. 
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The pathologist, Dr. W. L. Robinson, reported as follows : The gross speci- 
men consisted of a portion of bowel, measuring 15.5 cm. in length. Its lumen 
was narrowed by a thickening which involved about two thirds of the circum- 
ference of the bowel for a distance of about 2.5 cm. at its longitudinal axis. On 
one side of the constriction, the wall of the bowel showed a greater circumference 
than tliat on the other side. The thickening caused a partial obstruction of the 
bowel. The lumen barely admitted the finger tip. The cut surface of the bowel 
was an opaque creamy white and was fibrous. Its margin was indistinct. On 
microscopic examination, the thickened wall of the bowel was seen. The muscle 
fibers were hypertrophied, and the fibrous connective tissue of the subserosa was 
increased in amount. The subserous and the muscle coat, almost up to the mucosa, 
were invaded by glands typical of endometrium along with stroma precisely like 
that of endometrium. Some of the glands were large and contained red blood 
cells and epithelial cells with hemosiderin. There was no inflammatory infiltration 
and no evidence of malignancy. The appendix as such was not recognized, prob- 
ably being drawn up into the fibrous tumor mass. 

The diagnosis was endometriosis. 

The extraordtnan- feature of this case is that apparently the uterus 
and adnexa tvere normal and there was no sign of a chocolate cyst of 
the ovary. The inference, of course, is that at some time the appendix 
had been in contact with the fimbria and thus some endometrial cells had 
come in contact. Possibly it may have become adherent and as the 
obstruction increased and peristalsis became more vigorous, it was 
detached, although there was no sign of a recent adhesion on the part 
removed : however, her first discomfort a few davs previously mav have 
been caused in this way. 
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MISCELLANEOUS 

The Adult Cripple. — O’Reilly, ■''* in his chairman’s address before the 
Section on Orthopedic Surgery of the American Medical Association, 
selected for his theme the problem of the adult cripple, and pointed out 
the all imjxirtant role of orthopedic surgery in helping him to attain 
economic independence. He urged all orthopedic surgeons to bend their 
efforts toward improving the standards of treatment and providing better 
and increased institutional facilities. In order to secure the greatest 
degree of vocational I'ehabilitation, it was necessary to obtain the maxi- 
mum physical rehabilitation. Not only humanitarian motives but eco- 
nomic principles justified the establishment of adequate hospitals manned 
by expert staffs dei^oted to the treatment of the adult cripple. 

[Ed. Note. — We believe that O’Reilly has called attention to one of 
the greatest needs in caring for the sick. Adequate provision in the way 
of hospital care has been made for the acutely ill patient, and a good 
beginning has also been made in proi’iding facilities for the treatment of 
crippled children. The problem that is as yet almost untouched is that 
of the adult patient with chronic disease. With proper institutional 
facilities, the wage earning ability of many of these could be restored. 


49. O’Reilly, Archer: Adult Cripple, J. A. AI. A. 91:137 (July 21) 1928. 
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and this would relieve society not only of the burden of their care, but 
of that of providing for those dependent on them.] 

Osicochondriiis Dissecans.— Reporting on a study of patient.s with 
osteochondritis dissecans, Gejman^" pointed out that the condition was 
found chieflv in young adults, and that the sites most commonly involved 
^Yere the mkial condyle of the femur and the external condyle ot the 
humerus. Of the various theories that have been put forward to explain 
the origin of the disease, he thought that trauma was the most likely 
cause. 

Wolbach and Allison obtained the entire knee joint of a patient 
who had osteochondritis dissecans, and were able to make a thorough 
study not only of the loose fragment, but of the bed from which the 
fragment came and also of the underlying bone. They found that the 
fragment had been produced by a fracture into a cystlike cavity that liad 
developed in the underljdng bone. That the cystic degeneration found 
in this specimen accounted for all cases of osteochondritis dissecans was 
not claimed, but it probably offered an explanation of certain cases. 

Damage fo Bone Growth Resulting from Exposure to Roentgen 
Rays. — Beck made a report of six patients in whom a marked limita- 
tion of bone growth was noted after repeated exposure to roentgen rays 
for the treatment of tuberculosis. The treatment had been given from 
five to fourteen years previously at a time when roentgen treatment 
was employed in heary doses. In one patient, the shortening amounted 
to 15 cm. The writer was inclined to the view that all of the cells of 
the epiphyseal region rather than only cells of specialized function were 
damaged. He based this opinion on the general changes noted in the 
roentgenograms. 


[Ed. Note. — Beck’s obsen^ations are important, if correct, but one 
would wish to be certain that the shortening resulted from the roentgen 
treatment rather than from the disease process itself.] 

Osteomyelitis Due to Monilia. — Connor described a case of 

osteomyelitis rvhich was apparently caused by infection with Monilia 
(a type of yeast organism). The patient was a girl, aged 19, who 
entered the hospital with several draining sinuses located above the 
elbow. Later, an abscess developed over the buttock, and was found 
to connect with a focus of osteomyelitis in the ilium. There was no 
ever and no leukocMosis. An organism was recovered from the pus 
nch was identified as Monilia psylosis. 


'd Gcyman, M. J. : Radiology 11-.315 (Oct.) 1928. 

Osteochondri* Dis,ec,™, 

'a heck-: Zentralbl. {. Chir. 55:2849, 1928. 

C L.: J. Infect. Djs. 43:108 (Aug.) 1928. 
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The Fimciional Importance of Equalization of the Length of the 
Lcgrj.— Tliat equalization of the length of the legs when one leg was 
shorter than the other was of great importance for the functional devel- 
opment of the shorter leg, especially in cases of paralysis and other 
conditions, was stated by Deutschlaender.'^^ The shorter leg was always 
weaker and more easily fatigued, and rendered the gait uncertain. 
Raising the sole of the shoe was never a satisfactory means of solution, 
because it never increased the locomotor power, although it did improve 
the equilibrium. The writer preferred to shorten the longer leg; some- 
times it was necessary to shorten it in more than one place. He had 
performed the operation of shortening the bone in seventy patients, and 
had been entirely satisfied with the results. The operation had resulted 
in making the legs of almost equal length and in greatly improving the 
gait. All of the patients were enabled to wear ordinary shoes. 

[Ed. Note. — The question to determine here is whether it is better 
polic}'’ to equalize the length of the legs by shortening the long, or normal 
leg, or by lengthening the short leg. Until recently, the results of the 
procedure of lengthening the bone were uncertain, but substantial 
progress has been made by Abbot in the use of an improved method 
described in a previous “Report of Progress in Orthopedic Surgery.” 

As familiarity with this technic is acquired, we believe that it will be 
preferred to the operation of shortening the bone.] 

Spontaneous Dislocation and Destruction of the Tendon of the 
Biceps Brachii . — From studies of the shoulder joint in cadavers, 
Meyer concluded that spontaneous partial or complete forward dis- 
location of the portion of the biceps tendon lying between the tuberosi- 
ties of the humerus was not an uncommon occurrence. It probably 
occurred most frequently in laborers past middle age. Division of the 
tendon in this portion might occur as the result of degenerative changes 
and of the process of wear and tear, but usually the tendon reattached 
itself to the humeral shaft just beyond the lesser tuberosity. If this 
reattachment did not occur, a marked atrophy of the lateral belly of the 
biceps muscle resulted. 

Traumatic Osteoporosis of the Carpal Bones . — Buchman ■" discussed 
osteoporosis of the carpal bones (Kienbock’s disease; Preiser’s disease) 
in respect to etiology, pathology and treatment. He believed with 
Leriche that in this disease there was a disturbance of vasomotor 

54. Deutschlaender, K. : Ztschr. f. Orthop. Chir. 51:64, 1929. 

55. Abbott, LeRoy: Reference in Thirty-Fourth Report of Progress in 
Orthopedic Surgery, Arch. Surg. 16:620 (Feb.) 1928. 

56. Meyer, A. W. : Spontaneous Dislocation and Destruction of Tendon of 
Long Head of Biceps Brachii, Arch. Surg. 17:493 (Sept.) 1928. 

57. Buchman, Joseph; Ann. Surg. 87:892 (June) 1928. 
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equilibrium; that a fracture frequently accompanied, but was not essen- 
tial to, the process; that absorption began regardless of whether a frac- 
ture was present or not, and that fracture and extensive destruction 
occurred as a result of the atrophy. Conservative treatment in the form 
of immobilization in the “cock up" position should be tried for a reason- 
able length of time, but if disability- persists, then the involved bones 
should be excised. In the hands of the author, the operative treatment 
had given good resuls. 

He reported seven cases ; in three, the process involved only the 
scaphoid; in the fourth the scaphoid and semilunar; in the fifth the 
scaphoid, semilunar and os magnum; in the sixth the semilunar, os mag- 
num, and unciform, while in the seventh the os magnum and unciform 
were affected. 


[Ed. Note. — Traumatic osteoporosis is a most baffling condition and 
sometimes defies all treatment. Its cause is obscure, but the general 
tendency is to regard it as a trophoneurosis. All surgeons who have had 
first hand acquaintance with the lesion will welcome any new light that 
may be shed on it.] 

Stowshig Fibrous Tcndovagimtis Over the Radial Styloid . — Since 
de Qiiervain’s original description of stenosing fibrous tendovaginitis 
over the radial styloid. Schneider found that 144 cases illustrating the 
condition had been reported. It was caused by excessively monotonous 
motions of the thumb in abduction and extension, these leading to a 
thickening of the tendon sheaths of the abductor pollicis longus and the 
e.xtensor pollicis brevis as they passed over the radial styloid. It 
occurred more often in women. 

In most of the patients relief was to be obtained by complete 
immobilization with the thumb in a position of abduction and extension 
o\er a period of from six to eight weeks. In a few obstinate cases, it 
uas necessary to expose the seat of the trouble by an incision and to 
split the tendon sheath. 


SURGIC.XL PROCEDURES OX THE BOXES. JOIXTS 
AXD TEXDOXS 

Spinal^ Fusion leith Osteoperiosteal Graft.— Allison described the 

cc line of spinal fusion with the aid of the osteoperiosteal graft which 
m been employed at the Massachusetts General Hospital for a number 
7’'^ operation consisted essentially of the Hibbs procedure 
flpvJn ^ ^ osteoperiosteal graft in the shape of a Ion- 

thccr removed from the anteromedial surface of 

surface of bone chips and fragmenkpro^ 

4 c.: Surg. Gynn, Obst 46:846 (June) 1928. 

' • A ison. Xathaniel : Surg. Gynec. Obst. 46:826 (June) 1928. 
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ducecl by the spinal operation. In the autlior’s opinion, the addition of 
this osteogenetic material served to stimulate the production of a greater 
amount of new bone than would otherwise be obtained and hence repre- 
sented an additional guarantee of a successful outcome. The graft was 
always removed by a second operating team and hence did not prolong 
the time of the operation or add to the shock'. 

Enlargement of Parturient Canal by Bone Graft.~A\htt reported 
that in two patients with contracted pelves he had successfully enlarged 
the pelvic outlet to permit childbirth. The technic consisted of inserting 
at the symphysis pubis a bone graft V/2 inches (3.7 cm.) long which was 
removed from the tibia. 

[Ed. Note. — W hile concerning chiefly the sister specialty of 
obstetrics, this procedure ought to be of much interest to orthopedic 
surgeons, particularly as it affects the mechanics and function of the 
sacro-iliac joints.] 

Transtrochanteric Approach to the External Iliac Fossa, in Osteo- 
plastic Operations. — For certain operations on the hip, such as the shelf 
operation in congenital dislocations, the procedure of arthrodesis and 
bone grafting in ununited fractures, Calve described a new T-shaped 
incision. The long vertical limb of the incision was made to extend 
from the base of the lateral surface of the greater trochanter to the iliac 
crest at the junction of the anterior third Avith the posterior two-thirds. 
From the summit of this incision two shorter cross incisions were made, 
one extending anteriorly and the other posteriorly following the curr^e of 
the iliac crest. The deeper tissues were then separated, exposing the 
greater trochanter but without dividing the muscles attached to the 
latter. The edges of the gluteus medius and gluteus minimus were then 
defined and separated. Proceeding carefully at this point, the operator 
exposed the arterial and venous branches of the gluteal vessels; these 
branches were then clamped and cut between ligatures. The greater 
trochanter was next sectioned by a A'ertical incision extending from its 
summit for a distance of from 1 to 2 cm., at which point it separated 
into two oblique incisions, the anterior one running forward and out- 
ward, the posterior one running backAA’ard and inward. The two frag- 
ments of the trochanter were then retracted without being completely 
separated from their femoral attachments. One thus obtained a wide 
exposure of the capsule of the joint, the acetabular margin and the 
external surface of the ilium. 

[Ed. Note: It is difficult to see how injury to the nerve supply of 
the tensor fasciae femoris muscle could be avoided by this incision.] 

60. Albee, F. H. ; Surg. Gynec. Obst. 46:845 (June) 1928. 

61. Calve, Jacques: Presse med. 36:695 (June 2) 1928. 
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Arthyo plasty of the Knee. — Campbell *•'- (li?cii??cfl tbc result? of 
arthroplasty of the knee, basing his remarks on a study of 111 patients. 
He employed an operation which remodeled the lower end of the femur 
in tlie form of a single condyle extending across the transyerse diameter 
of the bone, this articulating with a concavity in the upix;r surface of 
the tibia. Fascia was interposed between the ends of the bones. In 
tort\'-three of 111 patients whom he was able to follow, a useful range 
of motion resulted, varA'ing in extent from o."* to 120 degrees. As 
experience with the operation increased, a betterment of the functional 
results was noted. The indications, contraindications and jKistoireratiyc 
treatment were thoroughly discussed. 

Albee” described hoAv his own conservative attitude of ten years 
ago concerning arthroplasty for bony ankylosis of the knee had changed 
to one of moderate enthusiasm because of ten successful results he had 
obtained by operation since 1920. He analyzed these cases, calling atten- 
tion to the technical features which bad contributed to the favorable 
outcome. He believed that the technic of wedge-shaped arthrojilasty 
with the reconstructed convex femur fitting into the concave tibia main- 
tained mobility and at the same time prevented lateral instability. For 
interposition, he employed fascia Avhich was covered with a layer of fat. 
He did not believe that old healed tuberculosis of the knee was neccs- 
sarih a contraindication to arthroplasty. 


[Ed. Note. — The increasing number of favorable reports on arthro- 
^ast\- of the knee shows that in skilled hands the operation here yields 
tter results than in the case of most of the other joints, with the 
exception of the elbow and the jaw.] 

The Operation of Stripping the Os Colds . — Describing the technic 
his operation of stripping the os calcis for pes cavus. Steindler 
^3ted that he always used the medial incision and never the incision 
round tire heel. He emphasized the importance of thoroughly strip- 
^*^™ct;ures as far forward as the calcaneocuboid joint. In addi- 
n 0 1 e stripping of the os calcis, rvrenching of the foot or some other 
ibe h T” bones often was necessary to restore and maintain 

patients^'T analysis of the results obtained in 201 

s A' 10 had been followed for a number of years was presented. 

f(^'' Bunions . — ^IcBride described an 
s lare'°'^ correction of hallux valgus which he had employed in 

•conjoin ’Hhe operation consisted of transplanting the 

. — _ ^ tendons of the adductor muscle group of the great toe to 


63. C.: Surg. Gynec. Obst. 47:89 (July) 1928. 

M 5 Obst. 47:312 (Sept.) 1928. 

-•Arthur; Surg. Gj-nec. Obst. 47:523 (Oct.) 1928. 
ode. Earl: J. Bone & Joint Surg. 10:735 (Oct.) 1928. 
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the dorsum of the head of the first metatarsal bone. The bursa was also 
dissected out and the boii}^ prominence chiseled away. After the capsule 
was repaired and the wound closed, a light plaster casing was applied. 
McBride permitted weight bearing at the end of two weeks. 


FRACTURES 

Fractures in Industry . — From an analysis of the experience with 
several thousand fractures covering a period of twelve j-ears, Davis 
found that it was possible in simple uncomplicated fracture to predict the 
cost of treatment in the average case fairly accurately. The average 
period of time lost in this group of cases was 27.3 days. The actual 
cost to the injured employee was based on the average time lost and the 
ar'erage of the different earnings, and amounted to §6.00. The actual 
cost to the employer was $20.97 a week when the patient was not hos- 
pitalized and included the cost of taking care of the fracture plus com- 
pensation. When the patients were hospitalized, their sustenance had 
to be added, and this amounted to §31.78 a week. 'When the patients 
were sent to a private hospital, the cost was much greater and included 
the minimal ward rate of §3,50 a day, the laboratory fee and the cost of 
materials, the professional charge of the physician and compensation to 
the emplo 3 "ee. The figures indicated that the percentage of disability 
could be reduced by skilful operative procedures and careful postopera- 
tive treatment. In many instances the period of disability was pro- 
longed, and the cost both to himself and to his empIo)'er was increased 
by the poor physical condition of the patient. 

Bone Repair and the Healing of Fractures . — Cowan pi'oduced 
simple fractures in the bones of kittens and studied the reparative 
processes grossly, microscopicallj^ and roentgenologically at intervals 
varying from twelve hours to thirty-four days. He concluded that the 
periosteum was more essential in healing than the medullary tissue or 
cortical bone. Fibrous union or pseudarthrosis was more apt to develop 
following extensive destruction of periosteum at the fracture line or 
after wide separation of the fragments. If after fibrous union was 
established, weight bearing was permitted, a false joint often developed 
at the fracture site. To overcome this, it was necessary to excise the 
fibrous and cartilaginous tissue. 

Mock was of the same opinion as Cowan and cited clinical and 
experimental evidence to substantiate his claim that of all the elements 
of bone, the periosteum was the most important in bone repair. In 
delayed union or loss of bone substance, he would practically always use 

66. Davis, P. A.: Fractures in Industry, J. A. M. A. 91:69a (Sept. 8 ) 1928. 

67. Cowan, John; Ann. Surg. 88:749 (Oct.) 1928. 

68. Mock, H. E.: Surg. Gynec. Obst. 46:641 (May) 1928. 
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the periosteal graft or if the defect were too great he would prefer an 
osteoperiosteal strip. 

In experiments on kittens, Glaessner and Hass «'’^ louiul that 
thymectomy delayed the formation of callus, and that injection of an 
extract of thvmus hastened bone consolidation. In a scries of cxi^cri- 
ments on older cats, the influence of extracts of various endocrine glands 
was tested. Thymus extract was found to be the most potent in its 
effect on formation of callus. The next most potent extract was that of 
the parathyroids. These authors had employed the extract in a con- 
siderable number of patients with delayed callus formation and had 
noted beneficial results. 

Fine and Brown performed some experiments on dogs to study 
bone repair under tire influence of parathyroid extract-Collip. They 
concluded that the experiments, although small in number, showed that 
the parathyroid extract delayed the speed of deposition of calcium in 
regenerating bone in young dogs, whereas in adult dogs no clear evidence 
as to its potency" in this or in the reverse direction was obtained. In 
their opinion the practical significance of these obserr-ations was that 
the clinical use of the parathyroid extract for delayed bone union was 
not based on any sound principle, could do little if any good and, in fact, 
Might do harm. 

Robinson'^ made a study of the role of the circulation in the healing 
01 fractures and came to the conclusion that an inadequate blood supply 
rvas one of the most important factors contributing to delay and failure 
ot bone repair. He emphasized the necessity of an adequate supply of 
oe\v blood vessels for the deposition of lime salts in the callus. He 
pointed out the importance of making provision for expansion of the 
surrounding soft structures in the treatment for fractures, of avoiding 
compression by tight bandages, and of splitting circular plaster casing on 
fivo sides. 

Fracture and Dislocation of the Sfcnuim . — Three instances of frac- 
ureor dislocation of the sternum were reported by Holderman."- From 
hs found that this type of fracture represented con- 
u era h less than 1 per cent of all fractitres. It was usually produced 
^ 3. irect blow, but might also result from indirect Holence, The com- 
^nest site of separation of fragments was at the junction of the 
.'ati=:f gladiolus. In most instances the dislocation could be 

i'u5tifS°”'' closed methods, but open operation was often 

'0- ^^'^chnschr. 7:1633 (Aug. 26) 1928. 

1C2S ’ and Brown, Samuel: New- England J. iled. 198:932 (June 21) 

(5cK.)^192g^°"’ Healing of Fractures, Arch. Surg. 17:420 

'• Holdcrman, Herbert: Ann. Surg. 88:252 (Aug.) 1928. 
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Fraciurc of the Clavicle . — Funston "" described a splint for the treat- 
ment of fractures of the clavicle. It was based on the principles of the 
clavicular cross, but did away with the mechanical objections to it of 
bulkiness and of pressure against the vessels and nerves in the axilla as 
well as the loss of tension when the dressings had loosened. The splint 
was made of steel rods about 14 kich in diameter and was furnished with 
special pressure drums covered with felt which exerted a strong pres- 
sure on the front of the heads of the humeri in a backward direction. 
Steel rods passed backward from these, arching under the axillae without 
making any pressure and terminated in two pressure pads pressing 
against the back in the interscapular region. These were connected with 
a vertical member of the brace which extended down the back for the 
purpose of exerting leverage, its end being held in place by a circular 
strap about the pelvis. 

Yates and Guest recorded an unusual complication of fracture of 
the clavicle. A woman, aged 41, died of cerebral embolism due to 
thrombosis of the subclavian artery which had been caused by pressure 
of an ununited fracture of the clavicle. 

[Ed. Note. — Funston's splint is ingenious and ought to be effective. 
Unfortunately, the services of an experienced brace fitter and a con- 
siderable amount of time are required for its manufacture.] 

Vertebral Fractures . — Wilmoth presented the case histories of 
seventeen patients who had fractures of the transverse processes or chip 
fractures of the lumbar vertebrae. He was of the opinion that such 
injuries were of relatively frequent occurrence and were due to forcible 
hyperextension of the spine or to sudden muscular action. The trauma 
was usually slight, and this led to incorrect diagnosis as the injury did 
not seem sufficient to justify roentgen examination. As far as treatment 
was concerned, it ought to be the same in chip fractures as in other types 
of fracture, namely, rest and immobilization. 

[Ed. Note.— The chief feature of interest in this article is the sug- 
gestion that hyperextension of the spine may cause a chip fracture of the 
spine as well as hyperflexion. The observation needs to be confirmed.] 
Kiiiuutell’s Disease. — In a thorough article reviewing the liteiatiue 
and what is known of the pathology, Cardis, Walker and Oliver 
reported fourteen cases of KiimmeH’s disease. They were able to study 
the lesion in a patient who died from an intercurrent disease. Examina- 

73. Funston, Robert: J. A. M. A. 91:794 (Sept. IS) 1928. 

74. Yates, A. Gurney; and Guest, Denton: Lancet 2:225 (Auff. 4) 1928. 

75. Wilmoth, Clifford L. : Fractures of Lumbar Vertebra Due to Hyperex- 
tension and Extreme Muscular Action, J, A. M. A. 91:6 (July 7) 19-8. 

76. Cardis, J.; Walker, G. F., and Oliver, R. H.: Brit. J. Surg. t5:616 (.April) 
1928. 



WILSON ET AL.-PROGRESS IN ORTHOPEDIC SVRGER) 163 


tion of the specimen showed no signs of injury of the spinal cord, i 
evidence of tuberculosis or abscess, no bone necrosis and the absence ot 
pathologic changes in the intervertebral disk. The second lumbar ^crtc- 
bra was wedge-shaped. The margins of the bone were intact, excep 
for a small fracture in the upper anterior part. The spongiosa showed 
multiple small hemorrhages. On microscopic examination the bony 
framework showed marked atrophy Avith a changed appearance of the 
marrow, tlie cells of Avhich were decreased in number and stained poorly. 

Fractures of the Pelvis —Stxtv '• made a study of fifty-one patients 
with fractures of the pelvis. He classified these as follows . fractures 
of the ilium, twelve; fractures of the pubic arch, twenty-five, and frac- 


tures invobing the acetabulum, fourteen. In fractures of the iliuiu 
without lesions of the abdominal contents, treatment gave good results. 
Acetabular fractures were of two tr’pes : first, those which merely 
showed fissures in the acetabulum as well as those with slightly greater 
invohement, that is, where there had been a little protrusion of the inner 
\rall or a spicule broken off from the inner table ; second, those which 
showed protrusion of the whole acetabular wall or even a penetration of 
the femur into the pehis. 

In the first class, good function and little or no disability resulted. 
In the second class there was always some disability, often considerable, 
with some limitation of the motions of the hip. Treatment might modify 
this eventual disability somewhat. The age, occupation and habits of the 
patient might modify it more. There was the possibility that secondary 
changes might develop in the course of time and still further affect the 
function of the joint. 


[Ed. Note. — ty'e have observed marked interference with function 
after deforming fractures of the acetabulum, especially those in which 
the femoral head penetrates the acetabulum. We believe that everj^ 
effort should be made to correct the deformity in tlie early stage. The 
method described by Putti of two way skeletal traction would appear to 
offer an effective remedy.] 


Dhlocaiious and Simple Fractures of the Elboiv . — Geist and Henr}' 
ce\iewed 150 consecutive cases of simple fractures and dislocations 
3 )out the ejbow joint. The ages of the patients varied from 4 months to 
n rears; 54 per cent of the cases occurred before the age of 16. and 20 
tyc cent occurred between 21 and 30. 

tfie posterior variety was the most common, con- 

occurT^i • injuries. Backward dislocation with fracture 

present a dislocation was 

per cent of the patients. In 2 per cent a dislocation of 


'll 5) 1528. 

•• S.. and Henry, O.: Minnesota :Med. 11:309 (Aug.) 1928. 



164 


ARCHIVES OF SURGERY 

the head of the radius occurred. 7 here were no cases of anterior or 
divergent dislocation. 

The fractures were divided as follows ; the lower end of the humerus, 
61.4 per cent ; the upper end of the radius, 10.7 per cent; the upper end 
of the ulna S.6 per cent; explosion fracture (shattering of all bones), 
6 pel cent. The ulnar nerve was injured in several of the fractures of 
the internal condyle. The prognosis was considered serious in fractures 
of the head and neck of the radius, and it was often necessary to remove 
the radial head. The authors advised operative suture in all cases of 
fracture of the olecranon with displacement. They considered the prog- 
nosis bad in all patients with shattering fractures of the lower end of the 
humerus. They obtained better I'esults by conservative treatment than 
by operative treatment in this type of fracture. They advocated immo- 
bilization of the elbow in a position of 75 degrees flexion with early 
active and passive motion. 

Fractures of the Upper End of the Femur. — By experiments, per- 
formed on the cadaver, Shaw was able to refute the contentions of 
Stebbing based on clinical observations that intertrochanteric fractures 
of the femur were due to indirect violence and that direct violence on 
the trochanter caused a fracture of the acetabulum, rather than an inter- 
trochanteric fracture. Shaw was able to produce intertrochanteric 
fractures b}'^ the application of direct m'olence to the trochanter and also 
by outward leverage on the shaft of the femur when the head and 
trochanter were fixed. Axial force applied to the femur (hammering on 
the lower end of the shaft) did not cause an intertrochanteric fracture. 
He was unable to produce a fracture of the acetabulum, although 
increasing powerful pressure on both trochanters caused fractures of 
the rami of the pubis and ischium. 

Skeletal Traction in the Treatment of Fractures. — Groves described 
his technic for applying skeletal traction in the treatment for fractures. 
He preferred transfixion pins to nails, ice tongs or Finochietto’s stirrup. 
He transfixed the femur above, not through, the cond)des to avoid the 
synovial sac of the knee joint and to obtain a pull from the dense bone 
of the shaft rather than from the cancellous bone. For fractures of 
the lower third of the femur and those involving the knee joint, he 
transfixed the crest of the tibia just below the tubercle. He employed 
traction force of from 20 to 60 pounds (9 to 27 Kg-)? with counter trac- 
tion obtained by raising the foot of the bed 12 inches (30.5 cm.) and 
passing padded perineal bands round each thigh and tying them to the 
upper posts of the bed. In treating fractures of the tibia and fibula, he 
transfixed the posterior process of the os calcis as far back as possible in 


79. Shaw, J. J. M.: Brit. J. Surer. 16;]20 (July) 1928. 

80. Groves, E. W. Hey; Brit. J. Surg. 16:149 (July) 1928. 
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order to counteract tire pull of tire tendo achilHs ; in fractures through Uie 
upper third of the leg bones or in fractures of the ankle with separation 
of the tibia and fibula, however, he preferred to transfix the inallcoh. 
He seldom used skeletal traction in the upper limb, although occasionally 
he found it necessarj^ to transfix the olecranon, using a 10 pound 
(4.5 Kg.) weight, in severe fractures of the humerus just above or into 
the elbow joint. 

Living Sufiirc Grafts in the Repair of Fractures and Dislocations . — 
Allen reported that he had employed strips of fascia lata for the suture 
of fractures of the patellae and olecranon in a series of patients who 
had been followed oA'er a period of several years. The technic consisted 
in passing the strip through holes drilled in the fragments, crossing the 
ends on the anterior surface of the patella by passing one through the 
other and suturing the ends to the fascia or tendon above and below 
the fracture. The lateral tears in the aponeuroses were repaired with 
chromic gut. The advantages of the method were its strong mechanical 
fixation and the ability- to stand the strain of motion begun at the end 
of one week. Splinting was not required. In the patients followed, 
there were no refractures and functional recovery was obtained at an 
earlier period than when the fragments were sutured by the usual 
metliods. 

Allen also successfully employed fascia lata for securing dislocations 
of the sternal end of the claricle and for fixing the radial head in a 
patient with recurrent dislocation of tlris bone. 

[Ed. A'ote. — Allen developed his method of fascial repair of frac- 
tures of the patella and olecranon on the Fracture Sendee of the Alassa- 
chusetts General Hospital, and the method has appeared to have so much 

advantage that it has been generally adopted by the other members of 
the staff.] 




Fracture Dislocation of the Shoulder. — Gerard-AIarchant made a 
study of fracture dislocations of the shoulder, including only those cases 
m which there existed a complete interruption in the continuitv of the 
bone between the head and the upper part of the shaft. His conclusions 
uere based on an analysis of 353 cases. 

He found that the anteromedial type of dislocation was almost the 
involved the surgical neck in 51 and the ana- 

differerc? ”Ote any 

of iracturr articular lesion accompanying the two varie- 

Fractures, Arch. Sur^. 

5-A Gerard-Marchant, M. P,: J. de chir. 31:695 (May) 1928. 
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Reviewing the different methods of treatment and their results, he 
called attention to the fact that reduction might be accomplished in a 
certain number of patients by closed methods irrespective of whether the 
fracture involved the surgical or the anatomic necks. Complete functional 
recovery was obtained in about one half of the patients in whom reduc- 
tion was accomplished by this means. Of the open methods of treat- 
ment, I'esection — that is, the excision of a larger or smaller entirely 
detached fragment — when performed soon after the injury, yielded on 
the whole imperfect results. The results of late resection were better. 
Replacement of the dislocated fragment by open operation performed 
soon after the injuiy gave results superior to those obtained by other 
methods. Late reductions gave varying results. 

Actually, the methods of choice were, first, closed reduction and, 
second, open replacement. In fractures of the anatomic neck, these 
two methods appeared to be of about equal value; in fractures of the 
surgical neck, open replacement seemed to be the better method. Against 
closed reduction were the dangers of nerve injury or vascular rupture 
but, on the other hand, opening the articulation by surgical incision was 
not without danger. The open method ought not to have absolute 
priority over the closed method except in case of neurovascular lesions. 
In fractures of the surgical neck, one ought never to resort to resection. 
In fractures of the anatomic neck, resection might be indicated under 
certain conditions. In fractures involving the upper end of the humeral 
shaft, replacement could be the only aim. In the comminuted fractures 
in which the head escaped from the capsule in fragments, it was neces- 
sary to be sparing in the resection of the fragments. 

Discussing the treatment for fracture dislocations of the shoulder, 
Taylor®® described a method of treatment which he had successfully 
employed in several cases. Instead of inanipulating or performing an 
open operation, he applied traction with the arm in abduction and the 
patient recumbent. He reported one case in which reduction was 
effected in four days. The fracture \Vas reduced by increasing the 
degree of abduction of the arm to 120 degrees. Union was sufficiently 
solid in three weeks to allow immobilization in a plaster casing. 

[Ed. Note.— O f the various bony injuries, we know^ of none in 
which treatment is more difficult or prognosis more unceitain than frac- 
ture dislocations of the shoulder. When the fracture involves only the 
greater tuberosity the problem is relatively simple, and reduction can 
generally be accomplished by the closed method. Gerard-Marchant s 
conclusions as to the superiority of open replacement over resection 
are in accord with our own observations, although the operation is 

S3. Taylor, R. T. : Fracture Dislocations of Shoulder, Arch. Surg. 17:475 
(Sept.) 1928. 
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attended bv much greater difficulty. Even then, complete functional 
recover}- cannot be expected. \Ye shall be interested to try the method 
described by Tavlor. In obese patients, or when for any reason open 
operation is contraindicated, we think that there is something to be saul 
for the old method of waiting for three to four weeks to allow the frac- 
ture to unite before attempting closed reduction.] 

Dislocatiou of the Carpal Scuuhiiiar Bone. ^Ettorre""' preferred the 
term traumatic enucleation of the semilunar bone to dislocation, pointing 
out that the cases fell into two classes, one which he called a perilunar 
luxation in which the displacement was between the semilunar and the 
os magnum, the former maintaining its nonnal relation to the radius, and 
a second class in rvhich the semilunar was dislocated anteriorly in rela- 
tion to botir the os magnum and the radius. He considered the second 
class as the true enucleation. He believed the type of luxation to be 
detemrined by the shape of the semilunar bone which had a variet}- of 
forms, and also by the strength of the ligaments as well as by the direc- 
tion and force of the trauma. The author advised closed reduction in 
early cases in which the rotation of the bone was not complete. He 
warned of the possibility of injury to the median nerve in the manip- 
ulations. 

AMPUT.\TIONS 

Formation of the Gritti-Stokes Stump . — In thirty Gritti-Stokes 
amputations, Oehlecker stated that he had fixed the patella to the 
femur by wedging it into an especially prepared mortise. He removed 
the cartilage from the under surface of the patella and shaped it into a 
square plug by means of a jig-saw. He then fitted this plug into a 
similarly shaped depression in the end of the femur. This method 
yielded a firm, painless end weight-bearing stump. 


RESE-\RCH 


ineesligation of Adolescent Kyphosis . — ^Having been interested for 
several years in the subject of adolescent kyphosis and having published 
prenous articles on the subject, Man undertook to reproduce the con- 
ation experimentally and reported the results. He sewed the end of the 
s wrtened tail of young rats beneath the skin, making a marked curve, 
he animals were killed and examined after different inteiwals. He 
tound that definite changes developed in the epiphyseal cartilages- on 

irregular proliferation and limitation of 
nna endochondral bone. The bony framework of the bodv 

enrent change and showed new formation of bony trabeculae with 


V r^ "'ovimento 12:153 (March) 19^8 

Oehlecker, F.: Zcntralbl. f. Qhr. 55:2250 (Sept. S) 1928. 

^ • -la'i, C: Ztschr. i. orthop. Qiir. 51:106, 1929. 
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the development of marginal proliferations such as are seen in arthritis; 
the body itself became wedge-shaped, with the apex toward the concave 
side. As a result of pressure atroph}^ the margin of the epiphysis bor- 
dering on the concave side disappeared completely. Parts of the epiph- 
yses showed necrotic changes. The author considered that the whole 
process was one of functional adaptation to a habitual curve and that the 
mechanism of these changes, which so closely resembled those seen in 
roentgenograms of pateints with adolescent kyphosis, was one of cir- 
culatory interference. 

Experimental Study of Muscle Atrophy . — Lippmann and Selig®*^ 
produced muscle atrophy in rabbits by various means: immobilization 
of an extremity, section of a nerve, tenotomy and the production of an 
irritative arthritis. They found that atrophy due to immobilization alone 
was relative!}'’ small in degree and slow in onset as compared to that 
which followed arthritis, nerve section or tenotomy. They inferred that 
although arthrogenic atroph}’’ had to be considered as an atrophy of dis- 
use, it was not the result of immobilization but was caused by a reflex 
mechanism. 

87. Lippmann, Robert; and Selig, Seth,: Surg. Gynec. Obst. 47:512 (Oct.) 
1928. 
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Cl edited to them. All that the laboratory did was to furnish them with 
the material for the stud}’. It is my opinion that in these papers they 
have presented new, interesting and, I trust, correct pictures both of 
the natuie of osteitis fibrosa and the giant cell tumor and of the nature 
of saicoma, which not only will be valuable in the practical diagnosis and 
treatment of these lesions of bone in their earliest stage, but will form a 
basis for future progressive investigation. 

I do not wish to anticipate in this introduction any of the statements 
made in the pajjer ; I wish onl}’’ to emphasize here and there some of 
the more im[)ortant conclusions. 

MALICKANT GIANT CELL TUMOR 

Although the authors are firmly convinced that osteitis fibrosa and the 
giant cell tumor are either identical or of natures closely allied, they 
have been unable, in the series of cases studied or in the literature, to 
find a proved case of malignancy arising in the benign bone lesion called 
osteitis fibrosa, which is situated in the shaft of bones of )’oung persons. 
In spite of the fact that the age incidence of Ewing’s sarcoma and of 
osteogenic sarcoma is the same as that of osteitis fibrosa, except that 
more cases of the malignant t3'pe are observed in persons more than 
20 3'ears of age, there is no evidence that these sarcomas develop in bone, 
the seat of osteitis fibrosa. 

In the literature, there seem to be reported a few authentic and 
verified cases in which malignancy developed in a tumor involving the 
epiphysis of an adult which must be looked on as a benign giant cell 
tumor; that is. later in this benign giant cell tumor tissue, malignant 
sarcoma cells apixiared, and gave rise to metastases in the lungs, in which 
also the giant cells were present. Together we studied all the cases in 
the literature and all the cases in our own series, and this research will 
be published later. 

In the cases in which we haA'e the material for study there occurred 
but one death from metastasis from a possible giant cell tumor 
of the epiphysis. In this case, the restud}' of the sections of the original 
tumor classified it with the malignant variant of the giant cell tumor, of 
which we have had eight cases and onl}' one of which metastasized. The 
other seven reacted as any giant cell tumor does. I think we can sa}' 
here in anticipation of this publication that the danger of malignancv 
in a central tumor of the epiph3'sis which microscopical!}’ belongs to the 
giant cell group is so remote that one is justified in the conservative 
treatment b}' curetting or b}' x-ra}' radiation. 

The histologic studies and illustrations presented in this paper by 
Geschickter and Copeland, I hope, will give surgical pathologists and 
pathologists a greater confidence in their abilit}' to diagnose the giant 
cell tumor and to place it in the benign group. I have just visited a 
modern and thoroughly scientific surgical clinic in which the chief 



GESCHICKTER-COPELAXD-OSrEiriS El BROS. I 1/1 

sureeon is a well-trained surgical pathologist. Nevertheless, he pre- 
sented to me a case in which, because of the microscope sections, he 
feared malignancy in a giant cell tumor. The case offered a clcarcut 
clinical and x-rav picture of a central tumor with an intact bone shell 
involving a condyle, or a little more, of the lower end ot the lemur. 
There had been an injury with a pathologic fracture, which had heakd. 
and the curettement of the central tumor had followed some weeks after 
the healing of the fracture. The x-ray photograph therefore, showed a 
little formation of bone outside of the bone shell, and the microscoiiic 
section pictured in addition to the typical giant cell tumor, shown in the 
accompanying illustrations, young granulation tissue with cells of the 
morphologic t\‘pe of the sarcoma cell, near islands of new hone forma- 
tion. the result of the fracture. Unfortunately, the fear of malignancy 
in the giant cell tumor is still too prevalent, and only studies of this 
character will ultimately allay that fear. There should not be an}’ 
difficulty in differentiating the variations in the typical giant cell tumor 
from the malignant variant (fig. A) and the fully developed sarcoma 
(fig. 21). It is important to emphasize here that the malignant tumors 
of the epiphysis are sarcoma developing in chondroma or myxoma. 
Ewing’s tumor inr-olves the epiphysis only secondarily from the shaft. 
The osteogenic sarcoma involving the epiphysis has an entirely different 
.<-ray and microscopic picture. The metastatic tumor of the epiphysis 
is rare, hut there should be no difficult}' in differentiating giant cell 
tumor from metastatic carcinoma. The majority of bone aneurv’sms 
recorded in the literature were simply blood cysts with zones of giant 
cell tumor tissue in the epiphysis. In our series of cases there are but 
two bone aneur}’sms in which the tissue outside of the blood cavit}’, 
lining the hone shell, showed no evidence of the giant cell tumor. We 
have not observed a malignant aneurysm for more than twentv-five 
.\ears,* and the tissue in the two cases is not sufficiently well preseiwed 
to allow an exact histologic diagnosis. Both these patients died of 
metastases. Their tumors way belong to the group we have designated 
us the malignant variant of the giant cell tumor, of which we have eight 
case.s. ill one of which death was due to metastasis. 

This malignant variant of the giant cell tumor (fig. A), as stated 
more, can be easily recognized at the biopsy from the frozen section, 
have no evidence that it should be treated any differently. The facts 
are i ; One curetted in the upper end of the humerus eight rears 
not recurred ; another has not recurred in three years; two'have not 
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iccunccl on rocciu obscrvalioiih of one and two years since tlic curetting, 
in one case in which ;in amputation was done in 1905, tlie ])alient was liv- 
ing" twenty-three years later. 1 wo recurred. One was in the lower end of 
the fil)ula, wliich was resected in a few months, and the patient at the time 
of writing has heeii well for five years, J he second was in the lower 
end of the femur; it recurred two years after curetting. The limb was 
amputated anrl the patient is living at the time of writing, six years 
afterward. 



Fig. A . — The mahgnant variant of the giant cell tumor Four large and several 
small giant cells are seen in the field Among the small round cells of the stroma 
are larger cells with more cytoplasm and vesicular nuclei simulating sarcoma 


I am rather inclined to the view that if one finds a malignant variant 
of the giant cell tumor in the frozen section, it is wiser to resect and do 
a transplantation of bone, except in the lower end of the femur or the 
upper end of the tibia, where resection does not give as useful a limb 
as amputation and an artificial leg. Here one can try thorough curetting 
with chemical and thermal cauterization and irradiation to be followed 
h}' amputation if the tumor recurs. 
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To repeat, this small group of eight cases of the malignant variant 
of the giant cell tumor contains our only case of a supposed gimit cc 
tumor which metastasized, and also shows a larger percentage nt recur- 

rcticcs 

These eight cases of the malignant variant among 226 giant^ cel! 
tumors were recognized by the authors when they first studied the micro ^ 
scopic sections udthout *any knowledge of previous diagnosis nr of 
clinical results. 


RECURREXCE IK THE GIAKT CELL TUMOR .\ETER CUKETTINC. 

We have no record of a recurrence after resection. The only record 
of a recurrence in the stump after amputation was found in the litera- 
ture, and in this instance the patient died of metastasis. 1 he observation 
was made by Finch and Gleave of England and was reported in the 
Journal of Pathology and Bacteriology in the October. 1926. issue, 
page 329. We have thirty-two cases of recurrence after curetting. I 
presented the results of an investigation of the latter before the 
American Orthopedic Association in Alay. 1928. and the paper will be 
published in the Journal of Bone and Joint Surgery. From my studies, 
the chief factors in recurrence after curetting are; first, incomplete 
removal of the tumor, either because of hemorrhage or because of the 
inexperience' of the operator; second, the failure to use chemical or 
thermal cauterization ; third, attempting curettement when the bone shell 
IS perforated or too much destroyed. There has been recurrence in the 
group Avith the latter condition in spite of thermal and chemical cauteri- 
zation and in spite of preoperative and postoperative irradiation. I. per- 
sonally. have had two cases which I have made the basis for my 
communication. The authors feel that in patients of more than 30 years 
^f age, the danger of recurrence is greater than in younger persons, 
because the bone shell has lost its power to react and ossifv. 


RADIATIOK IK THE TREATMENT OF GIAKT CELL TUMORS 

Since my publication in the Journal of Radiology in Alarch. 1920. I 
laye repeated in every publication that it is vAuser to put the doubtful bone 
esions at rest and give x-ray treatment than to perform a biopsy, unless 
t le operator or his pathologist has sufficient experience to make a differ- 
entia diagnosis from the frozen section, and the patient is Avilling to 
an amputation should the tumor prove malignant Each vear’s 
expenence confirms the truth of this. It is far safer to submit the 

'vhile diagnosis, employing radiation 

diagnosis ■ “ ^ 

r increasing that persistent 

^ant ce ultimately, in many instances, controls 

•s-'nt cell groAvth. The tumor itself shrinks, and the x-i 
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])lu)l<>,q:ni])li .sliows increasing ossification. \Vc arc not yet prepared to 
make fin exact comparison of the re.sults after irradiation with those 
after cnrelling in properly selected cases. When we eliminate from our 
rectirrc'fit cases faulty curetting when the hone shell was intact and 
attempted curetting wlien the hone .shell wa.s de.stroycd, curetting has 
to its credit recoveries with perfect function in practically 100 per cent 
of the cases, and even if .x-rays or radium could accomplish the same 
residt in this group with intact hone shell, it would he more costly and 
take much more time. When the hone .shell is destroyed, there is no 
([ucstion that irradiation should he tried first. Irradiation for recurrence 
after curetting is not so succe.ssful as irradiation without operation, nor 
has irradiation after recuri'cncc following curetting prevented metas- 
tasis in the cases re|)orted in the literature, notably the one reported by 
lowing and Stone in the .‘\uciiives ok Surgery in 1923, page 289. 

J'hc question is. ^^’hat is the danger of irradiation should the tumor 
he a chondrosarcoma or niy.xosarcoma ? We hai’C sufficient eiddence to 
indicate that we may expect little or nothing of irradiation of the 
myxoma, or the chondroma, or the chondrosarcoma. The possibifity of 
these tumors occurring in the epiphysis with x-ray pictures not unlike 
that of the giant cell tumor makes the problem difficult. In this malig- 
nant tumor of the epiphysis, the bone shell is usually partially destroyed. 
Therefore, from an .x-ray standpoint, if the tumor is of the giant cell 
variety, the first treatment should be irradiation. I am not prepared to 
make any definite statement, but I am inclined to the view that, 
in doubtful cases, the nature of the lesion should be positively settled 
b}’ a biopS}', jirovided the operator or his pathologist is 'competent to 
make a diagnosis. If not. irradiation should be the first method of 
treatment. 

In conclusion. I Avant to call .attention to the original view of the 
authors that osteitis fibrosa and the giant cell tumor are phases of bone 
repair ; the first a healing reaction, the second an active vascularizing 
phase. In osteitis fibrosa, the tendency is to spontaneous reossification or 
healing. In the giant cell tumor this is not the case. Here the process 
leads to the formation of a mass of vascular tissue, in which giant cells 
predominate. The authors explain these different results with knoAvl- 
edge drawn from embryologic investigations of a new order. 

Osteitis fibrosa and the giant cell tumor are specific lesions of bone 
and, in mv opinion, are fundamental in all pathologic conditions of bone, 
just as chronic cystic mastitis is fundamental in all pathologic conditions 
of the breast, and, on the whole, is not unlike these benign lesions of bone 
in that it is a reaction of the parenchyma to some insult which, apparently, 
is not necessarily trauma, although trauma seems to be the starting point 
of osteitis fibrosa and the giant cell tumor. The authois also e.xplain 
why osteitis fibrosa predominates in the shaft of l)ones in young persons 
and the giant cell tumor in the epiphysis of patients of a later decade. 
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Since (he time of 
aiKl i^iaiU coil tumor 
of epulis, a tumor of 
coucernintr ctiolo/^y, 1 
tumor in 1H60. rind 
I S/6, has failed to 
pallioloude ])rocesses 
prof^ress made. 


Grilen ’ a form of lesion related to osteitis fibrosa 
lias been known to medical writers under the term 
the alveolar border, Jiiii the increased discussion 
)e.t,o‘nnin£^ with Nclaton’s * contribution to giant cell 
Virchow's ‘ description of a solitary bone cyst in 
furnish a unilied concejition of the underlying 
of this group of lesions, despite the constant 


In this paper an attempt is made to show that a single gioup of 
jiathologic ]irocesses concerned in the rejiair of injuied bone is respon- 
sible for this grou]) of clinical entities. The classifications, therefore, of 
osteitis fibrosa, giant cell tumor, epulis of the alveolar border and giant cell 
tumor in the tendon sheaths of the xanthoma type have been regrouped 
on the basis of a fundamental relationship established by the observa- 
tions reported in (his article. The material on which this report is based 
was made available by Dr, Joseph Colt Bloodgoocl in the Surgical 
Pathological Laborator}- of the Johns Hopkins Hospital, and this group 
of o\er 400 cases comprises an accumulation of gross specimens, micro- 
scopic sections, x-ray pictures, clinical histories and a system of case 
follow-ups for which his personal efforts during the past thirty-five 
years aie laigcly responsible In addition to the references noted else- 
where, we wish to make special mention of the recent and larger series 
of cases contributed b}’’ Stewart,* Simon,'’ Bloodgood,® Ewing,' 
Kolodny.'' Coley.’’ Bairie.*" Lewis,** Codman,*-" Christensen,** and 


1 Galen, cited by Simon, \V \’ Die iCnocliensarkome, Ergebn d Chir ii 
Ortbop. 16:364, 1923 

2. Nelaton, E : Tuineurs benignes des os. Pans, 1860 

3 Virchow, R,- Ueber die Bildung von Knocliencj sten, Jilonatsb d kgl 
preusz Akad d Wissenschaften zu Berlin, 1876, p 369 

4 Stewart, M J The Histogenesis of Myeloid Sarcoma, Lancet 2:1106, 


1922 


5 Simon, V. Die Knociiensarkome, Ergebn d Cbir ii Ortbop 16:364 

1923 

6 Btoodgood, J C The Conservative Treatment of Giant Cell Sarcoma, 

Ann Surg 56:210, 1912 _ 

7, Ewing, } ■ Neoplastic Diseases, ed 3, Philadelphia, W. B Saunders Com- 
pany, 1928, p 314, % 110 

8 Kolodny, A ■ Bone Sarcoma, Surg Gynec Obst 44:1 (pt 2) IJ-/ 

9. Coley, IV B • Prognosis in Giant Cell Sarcoma of the Long Bones, Ann 
Surg 79:321, 1924 

10 Barrie, G Haemorrhagic Osteomyelitis, Am J Surg 35:253, 1921 

11 Lewis, D D Primary Giant Cell Tumors of the Vertebrae, J A. M A 

83:1224 (Oct 18) 1924. . , e 

12 Codman, E A • The Nomenclature Used by the Registry of Bone Sar- 
coma, Am J Roentgenol 13:105, 1925 

13 Christensen, F C. Bone Tumors. Ann Surg 81:1074,1925 
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^^lacOuire and J^IcWhorter on giant cell tumor and by Silver’’ 
KnaJs,«Elmslie/^ Bloodgood.^* J.Iorton''' and Konjctr.ny - on osteitis 
fibrosa from which valuable corroborative data were obtained. 


BONE CYSTS 

Clmical Era/ ifr«.— Although the limits of o.steitis fibrosa have been 
widely extended since the time of von Recklinghausen to include a 
mnltiplicit}’ of entities, the solitary bone cyst, which is a form of osteitis 
fibrosa found usually in the shaft of the long bones of young adults, 
presents certain uniform characteristics which allow this group of lesions 
to be discussed separately from a pathologic standpoint. 

Von Mickulicz '■ was among the first to observe that the age of a 
patient with a t}'pical bone cyst is usually less than 21. Rloodgood,’^ 
writing on this subject in 1910, called attention to the fact that the 
patient was generally less than 18, and Silver,''’ in his review of ninety- 
seven cases in 1912. found only eighteen cases in which the ])atients 
were past the age of 20. In a review of bone cysts. Eimslie.'’ in 1914. 
found a similar age incidence. In 175 cases of bone cysts in this series, 
tlte average age of tire patients is between 10 and 15. although in about 
20 per cent the patients are more than 21. This age distribution is one 
of the outstanding clinical features of the disease. 

^lore noteworthy than the age incidence is the location of these 
tumors, for in the large majorit}' of cases of solitarv- bone cyst the 
lesions are confined to three favorite sites, the upper shaft of the 
femur, the humerus or the tibia. In Silver’s table of ninetv’-seven 
cases, the tumor was found in the femur in thirty-one cases, in the 
humerus in twenty-five and in the tibia in fifteen. Elmslie ’’ was 


14. MacGuire, C. J.. and McWhorter. J. E.; Sarcoma or Bone: .\n .-\nalysi? 
ot F^fty Cases, Arch. Surg. 9:545. 1924. 

15. SiKer, D. : The So-Called Benign Cvst of the Bones, -\m. J. Orthon 
Surg. 9:563, 1912. 

rr-m ’ b- : The Inflammatory and Toxic Diseases or Bone Xew York 

u illiam Wood & Company, 1926. 

1914^ ^'™^^'^’ fibrocystic Diseases' of the Bones, Brit. J. Surg. 2:17, 

Osteitis Fibrosa, Ann. Surg. 52: 
‘■^MSIO: .bid. 56:210, 1912; ibid. 69:345. 1919. 

Sure v " Generalized Type of Osteitis Fibrosa Cvstica. .Arch 

1.C04 vMay) 1922. 

"Lokalisierte Osteitis fibrosa.” Arch f. 
deformierende Osteitis die Osteo- 

22 Von \r 1° Carcinose, Festschr. zu Rudolf Virchow, 1891 

3G.1523. i9or ''' Discussion of case of Hans Haberer, Centralbl. f.’chir. 









Table 1. — Ty[>ical Bone Cysts — Continued 
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....pressed rvitli the fact that the upper part o( the ieim.r and '>>= 'M>l'er 
part of the humerus tvere the prevafent locations lor tins type ol IcMon. 
L hgures in our series are in accord tvitit tl.e ohservat.o.ls ol these 
authors. In 135 cases of solitary hone cysts. htl>-livo tvere m the 
femur, forty-five in the humerus and thirty m the tibia. 1 he hbul.i is 
next in frequency with eight lesions. In the cases in which the c>-st was 
in the femur, thirty-two oi fifty-two were present in tlie upper end. most 
of these being in the region of the greater trochanter. In the huinenis. 
lesions in the upper end of the bone predominate, thirty-six of tlie fort_\ - 
five cases in our series being in that locality, while in the tibia there is .i 
similar predilection to involvement of the upper end. In all. nhout /5 
per cent of these lesions showed a metaphyseal location in these thiee 
bones. 

At the age and in the locality in which these tumors occur there is a 
relationship to an unossified epiphyseal line. I he bone involvctl is 
therefore typically an area of new bone in a metajihyseal region. 1 his 
fact would appear to relate the pathologic process involved to new hone 
formation, and in the microscopic study of these lesions, an attempt will 
be made to trace this relationship. 

It is important to point out here that while the majoritv’ of bone cysts 
show this metaphyseal location, there is a fair percentage of them 
(16 per cent) which are found toward the region of the midshaft. This 
variation in site is explicable by the duration of the clinical symptoms. 
As will be seen from table 1. the average duration of symptoms is two 
and one-half years. In one fifth of the cases, the duration averaged ten 
years, and in several cases the patients had symptoms dating back from 
twenty to forty years. This long latent period preceding the diagnosis 
ol the disease allows ample time for the affected area to progress 
gradually toward the region of the midshaft as the bone grows. In 
extreme cases in which from ten to forty years have elapsed, tlie reason 
for the occurrence of the bone cysts in patients more than 20 years of 
3ge is evident. Here the lesion takes the fonn of the so-called latent bone 
St discovered late in life as the consequence of some clinical incident 
leadiiig to a roentgen examination, the previous presence of the tumor 
remaining unsuspected because of the absence of sraiptoms. 

In accordance with this, a review of the histories shows that pain 
P ay.s a mild role as a syiuptom of onset and that trauma with pathologic 
racuire or swelling is a more frequent cause in bringing the patient to 
Je piysician, pathologic fracture occurring in 45 per cent of the cases, 
for impressed with the mildness of the clinical features. 

extreme pain or marked bending deformity. The 

in uianTcTes Y protracted 
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A -Roy I'colurcs. — The (y|)ical x-ray jjictnrc of a hone cyst t'/npha- 
.sizes many of the clinical features, the umiiiitefl epiphysis near the 
diseased area iiidicatinsr the youthful a.t^e of the ])aticnt ami the 
metaphyseal location of the lesions (lif,'. 1 W. /} and C). A central area 
ol hone destruction, which occurs most frefjtieiuly in the upper part of 
the femur, humerus or tihia. casts little or no shadow in the roentgeno- 
gram and is crossed here anrl there hy one or more traheculations. 
About this area the cortex is tliin and expanded to form a s\’mmetrical 
and fusiform swelling. (3ften the hone is fractured at this site and 
along the margins of the fracture new hone formation casts a dense 



Fig. 1 (nos. 3.S253, 34174 and 37796).— X-ray pictures of typical bone cysts in 
the localities most frequently affected : yJ, upper part of tibia ; B, upper part of 
femur, and C, upper part of humerus. The lesions are near or at the metaplwsis, 
and tlie ununited epipiiysis in A and C indicate the youth of the patients. A 
pathologic fracture is shown in the upper part of the humerus. 


shadow. These fractures tend to heal, and witli healing the lesion.= fre- 
quently will ossify and disajjpear. When the diseased area persists for 
an}' length of time, however, the condition progresses toward the region 
of the midshaft. 

The shell of bone about the affected portion is rarel}' perforated 
e.xcept hy fracture. Often this portion of the hone is bowed or thick- 
ened. The new bone formation is then subperiosteal and cortical and 
produces no periosteal spicules, either parallel or radiating. 

Gross Appearance . — The bone overlying tiie cyst varies in thickness 
according to the duration of the .symptoms, the thicker shell encountered 
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in oM cases iudicaling that a healhtg reaction is taking place ( lig i ). A 
connective tissue lining is usually beneath the hon ™ " 

.oward the interior is the cavity tvhieh tnost trcqnently contants a .ennt. 

”’''Eiootlgood>» has ably given a classification of the variatioiis m the 
gross pathologic changes in these cavities or cysts. 'ey may 
not have a connective tissue lining, ami fluid or solid fibrous tis.Mie may- 
be found beneath. Calciinn spicules like snow may be lonnd on the inner 
side of the lining, or the remains of tissue resembling the grnmons giant 
cell tumor may be disclosed. 



F'g- 2 (no. 8324). — Gross specimen of a large bone cyst of ten and one-half 
>cars duration in tlie lower end of tlie femur in a woman, aged 21. There is an 
unibualK large amount of fibrous tissue and new bone formation in the cyst wall 
because of the age of the lesion. 


1» .'iny event the contents of the cavity explored in the gross give 
lutle or no clue to an area ot new cartilaginous bone such as the clinical 
icatures of age incidence and location would lead one to expect. In the 
^'bell of bone overlying the cavit)-. there is frequently a thickness and 
hnniiess e.xtending into the fibrous lining which suggests the formation 
of new bone, but the locatiotr indicates that this is proceeding from the 
cortical region of the shaft rather than from a central metaphyseal 
f^cation. Aside from this cortical reaction the gross specimens suggest 
^ process of hone destruction rather than one of new bone formation, 
.l/jfrorro/-i£- Analysis .— microscopic analysis of the bone cyst, 
'o«?h adding much to our infonuation concerning the pathologic 
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changes, tails to disclose in most instmices a bone destmctive process 
which would explain the cavit>- formation. Most ot the tissue compos- 
inc^ the cvst wall is fairlv uniform and consists of spmtlle cc Is and 
fibroblasts among which there is much clear intercellular substance 

(fig. 3 A). 

The tissue varies in relation to special areas. 1 hese special areas are 
of tliree main types; (1) cysts %vith or without old hemorrhage, (2) 
hone islands or bone trabeculae and (3) vessels in areas of fresh hemor- 
rhage. Attention is first directed to the cyst wall. About the cyst wall 
there is a condensation of connective tissue to form a fibrous lining 
(fig. 3 B). Behind this lining layer embryonic fibroblast.': are lay- 



F'g. 4 (no. 19179 ). — A low and B high power of new bone formation in 
osteitis fibrosa. Osteoblasts derived from fibroblasts are laying down osteoid 
tissue. These spicules of new bone are characteristic of the process termed 
noro-ostosis in this paper. 


uig down intercellular substance, with the formation of osteoblasts 
and the direct proliferation of new bone. Occasional!}', along the 
r>st wall or where two cysts walls meet witlr rupture in tire wall, giant 
cell areas with round cells will be seen. Within the smaller cysts the 
remains of old hemorrhages are often found. In the larger evsts this is 
less likely to occur. 


In regard to the substance around the bone spicules, the first or 
proMmal row of cells is an actively proliferating layer of osteoblasts 
numerous gradations between these cells and the fibroblasts 

nlmn., V there is generally a loose fibrous tissue, 

H)xomatous m appearance. Apparently, the process is from 
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.spiiullc cell to librobIai.t to osteoblast and iben to bone formation, the 
bone at first bcinf,'- osteoid tissue jirevious to calcification. 

.\reas of fresh hemorrhatje or new blood vessels pre.sent interesting 
features. ]M-equently an area with fresh blood will have a mixture of 
round and siiindle cells in the neighborhood, or proximal to a new vessel 
will be seen a sprinkling of large giant cells of the epulis t\-pe (fig. 5). 
J his relation of round cells and giant cells to spaces of red blood cells is 
most significant, and while some pathologists feel tliat giant cells are 
called on to absorb these hemorrliagic deposits (Konjetzny it is impor- 
tant to em()hasize that the giant cells arc as'sociatcd onh- with new vessels 



Fig S (no. 28609).— Photomicrograph from a bone cjst showing a newl} 
formed cyst containing red blood cells and surrounded b> a sprinkling of giant 
cells. 


and fresh hemorrhages rather than with the old blood seen witlnn the 
cysts. For this reason it is more probable that the ordet of pathologic 
events so far as microscopic analysis can disclose them is . ( 1 ) the 
formation of giant cell areas followed by new blood vessels and hemoi- 
rhage; (2) the absorption of hemorrhage with cyst formation, and (o) 
the lining of the cyst by fibrous tissue which is gradually transfoimed 
into bone. In any event the three processes of hemorrhage. c>st 
formation and new bone construction which represent the special aieas 
in osteitis fibrosa seem to be related and to have a definite influence on 
the character of the adjacent .stroma. 
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Minute areas of calcification are often seen in the new hone Inul 
down in osteitis fibrosa. Bone via the cartilaginous route ns .>=cen ui 
osteogenic sarcoma, however, has not been obser\cd, ncit K’r las true 
myxomatous tissue. Although much has been spoken about myxomatous 
degeneration in osteitis fibrosa, the interpretation placed on such areas 
here is that thev are loose embryonic connectir e tissue. 

Adfarc of Osteitis Fibrosa.-— The foregoing analysis of the histology 
of the evst wall in osteitis fibrosa leads to the conclusion that the [irocess 
involved is essentiallv one of fibrous proliferation and new hone forma- 
tion and therefore a repair or healing process. W e do not see in this 
tissue evidence of an inflammatory reaction, although repair in bfinc fol- 
lowing a medullarr' abscess may show the same healing phase typical of 
osteitis fibrosa. 

In keeping with this view of the nature of osteitis fibrosa tissue, is 
the experimental work of ^lacewen in his studies on the growth of 
hone. He found as we do in sections taken from numerous areas in tlie 
bone, that regeneration takes place independently of the periosteum. 
The patients suffering from the lesions considered here are in the 
younger period of life when (as Macewen has pointed out) the jiro- 
literating power of the bone cell is at its height. The bone involved by 
the disease reacts vigorously, and we find bone formation taking place 
through the activity of osteoblasts in a medium of fibrous tissue, without 
the transitory stage of cartilaginous calcification. The photomicrographs 
illustrated in this article, and indeed most illustrations of osteitis fibrosa, 
show an exact duplicate of the process depicted in Macewen's book 
on new bone produced experimentally, growing inside of glass tubes. 

The conclusion that areas of osteitis fibrosa represent a healing reac- 
tion in bone, attacks seriously the claim of osteitis fibrosa to consideration 
‘IS a pathologic entity. In accordance with this view are the records of 
the grading files made during this study. Here diagnosis in the osteitis 
tihrosa group showed the largest percentage of error. Abscess walls, 
hits of cai^sule from central sarcoma of bone, or secondary metastatic 
ftmior. and periosteum overlying ossifying hematoma or exostosis were 
^11 inadvertently placed among the sections classed as typical osteitis 
'i' 0 >a. Prom a standpoint of microscopic diagnosis, it was a veritable 
' iiinpmg ground. The reasons for this are to be found in the non- 
Jiwitic nature of the tissue reaction, erroneously termed osteitis fibrosa, 
not an mflamniation in fibrous tissue or in bone but a process of 


PI eiubryomc connective tissue as pointed out by Leriche and 
Iva ^ ^ 192S) is a pre-osseous 

ill this tissue the first step in bone forma- 

1r'aV28. and Sons. 



•-/A'C////7i.V ()J.- surghrv 
'•q):iir conslitutiiiK a .L.r . .• 

conical bone and jjcnostcnm ‘^■‘"ccllous bone, 

so/nai\ bone cyst under 



picture and ^ 

by a niere f fl'-"* from the same case. Tl,e patient was struck 

Thp c • Z eighteen months previously, the steel entering the hand 

a he surperficial wound Jiealed. Fourteen months later, swelling and pain occurred 

Th ° x-ray picture shows the cyst about the foreign body. 

P 10 omicrograph shows fibro-ostosis (new bone and fibrous tissue) sur- 
rounding an area of granulation tissue. 
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discussion shows such an area of bone destruction in the form of an 
enclosed cavity, and about it is the typical healing reaction which we 
believe is best termed fibro-ostosis (indicating new bone formed directly 
from fibroblasts). The reparative nature of this reaction of fibro- 
osteosis is evidenced clinically by the benign course of the disease and 
the tendency of the lesions to undergo spontaneous healing, Clinicallv 
and pathologically too. it would seem that the bone destructive process 
soon becomes arrested or often progresses without noteworthy svinj)- 



“■ > EwUrsarami "ti’ ' “T'’ from the natgin 

A .ee. — I ss 

or 'Itwr '!!' ‘he diag- 

' Ph-o Practicallv ahvavs 

Of repa healing phase. This fibeoid 

■'««. and then a latent hnne . “ “S forh-five 

'■«' this healin, reaction is ‘he 

e IS due to nature's difSculte in collapsing 


l''() 


.■iKcnirns or sorghry 


.1 i.uity witli ri.L:i{| uvills, ;iii(l when fracture or a crushing' j)roce(Iiire at 
operation .aids in collapsinf,^ (his cavity, the lesion heals. 


IllS'IOt.OCIC VAItI.\NTS OK TIIK llONIC CYST 

I lie (jHe.slion aiises as to what js tlic orifjinal Iione destructive process 
ill the hone cyst. Jn the ai’eraj^e case the lesion is of two and one-half 
year.s duration when first observed, and at the end of such a jieriod the 
condition responsible for the area of hone (lestritction has disappeared. 
W hen hone cysts are ^,M'onped according to the duration of symptoms, 
however, and when the !,M'oup in which the .symjitoms average six months 
are examined, we are able to discover by microscopic examination the 
nature of the proce.ss which forms this cavitv in the bone. This group 
of early cases shows in the .x-ray picture a metaphyseal location and a 
])olycystic structure, d'wentj’-ninc in (he .series of one hundred and 
seventy-five ca.ses of bone cysts were in this group. Microscopically, 
they were all classed as giant cell variants of osteitis fibrosa. this is 
meant that areas of large multinucleated giant cells embedded in a 
stroma of round cells, a tissue typical of a giant cell tumor, were always 
found in earli- cases of bone cysts e.xamined pathologically. This con- 
firms our microscopic analysis of the typical bone cyst, for as pointed out 
in the foregoing, there were histologic grounds for assuming that the 
giant cell areas preceded those of osteitis fibrosa. 

In other words, we are inclined to the belief that the bone destructive 
phase of osteitis fibrosa is characterized by t}'pical tissue of a giant cell 
tumor. More broadly stated, the average solitary bone cyst in the long 
bones is a healed or healing giant cell tumor. Not only do twenty-nine 
early cases of 175 cases of osteitis fibrosa show marked giant cell areas, 
but sixtv cases of giant cell tumor of a series of 226 cases show a 
healing change toward osteitis fibrosa, most marked at the margins of 
the tumor but also infiltrating toward the center. 

This does not mean that all bone c\'sts are healed giant cell tumois. 
nor is it true that giant cell tumors will all progress toward a healed 
state of osteitis fibrosa. In bone cysts 2 per cent of the cases can be 
shown to have a bone destructive phase due to a foreign body (fig. 6) oi 
an abscess, and in about 20 per cent of the cases rather loosely classed 
as osteitis fibrosa some primar}' disease such as osteomalacia, Paget s 
osteitis deformans, fragilitis ossiuin, or osteo-arthritis is responsible foi 
this evst formation. The majority of solitarj'' bone cysts (78 per cent), 
however, show their relationship to a preceding" giant cell tumor phase 
( 1 ) Iw the persistence of giant cell areas most frequent in the youngei 
cysts with a shorter duration of symptoms, and (2) by the fact that 
these lesions are on the inetaphj'seal side of the epiphyseal line, bordei- 
ing on the epiphysis in which giant cell tumors occur. 
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The polvcvstic group ot osteitis fibrosa also emphasizes the relation 
„i .1 bon" V t .0 giant cell tumor tiseuc. lor in these le.ons the s.na 1 
™1:; c«.s c’an be Teen arising in giant cell areas anti tus.ng together ... 

tonu the larger cavities. . - 

Detailed consideration of the lesions grouitetl nnder the ear, ants 

osteitis fibrosa in the metaphyseal ends ot the long bones {ta ) c _) mn 
under the classification ot polycystic osteitis fi!)rosa (table 3) brings on 
more forcibly the basis on which these conclusions rest. 

Giant Cell rnnanf^ of the Bone Cyst in thc^ Metaphyseal hiuls ot 
the Long Boae.r.— Clinically, these lesions are of shorter duration than 



S (no. 17121). — Giant cell variant of osteitis fibrosa near an epiphysis. 
The x-ray picture, A. shows a lesion in the region of the greater trochanter which 
u inclined to be polycystic. There has been a pathologic fracture. The photo- 
aiicrograph, B. from the same case shows numerous giant cells embedded in the 
'iroma ot osteitis fibrosa. 


the tipical bone cyst. The average duration in the group of cases 
hi minted in table 2 (with two exceptions) is six months. None of these 
csions IS found in the region of the midshatt. their location being 

epiphyseal line, close to the area in 
tumors occur. A favorite site for these hybrid 
rt.sth is the region of the greater trochanter in the femur, in which 
condition occurred in six of the sixteen cases listed in the series 

line in ’ recalled there is a separate epiphvseal 

> 'nub fill patients, which would seem to indicate that the trans- 



Table 2. — Variants of Osteitis Fibrosa in the Metafhyscal Fnds of Loiuj Banes 
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Lesions similar to tl.osa in this table but with marked polycystic structure are sho,vn 3. 
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formation of cartilage to hone taking; place in this locality has some 
hearing on the pathologic i)rocess involved. 

In the x-iay picture and in the gross this group of lesions is inclined 
to l)e more subcortical than central in location, and the structure is most 
fie(jncntly mnltilocular. When this jmlycystic character was ])articularlv 
marked under the microscope, the lesions were gronjicd sei)aratelv under 
(he ckis.silication of ])olycystic osteitis fihro.sa. 

On miciawcopic exaiuination the ))rescnt group of cases of osteitis 
fibrosa contain giant cells which are smaller, have fewer nuclei and are 
more si)arsely distributed than one would expect for a t 3 ’pical giant cell 
tumor located in an epiphvsis. In the stroma, too. there are more fihro- 





Fig. 9 (no. 34990). — A giant cell variant of osteiti.s fibrosa in the metaphysis 
(.x-ray picture and section from the same case). A, the lateral and anterior .x-ray 
views showing the typical fusiform lesion of the bone cyst extending to tlie 
epiphyseal line. The duration of symptoms was four months. B is a photomicro- 
graph of one of the numerous giant cell areas found amid the osteitis fibrosa tissue 
in this lesion, demonstrating the tendency of the bone cyst to assume a giant cell 
structure when it borders on the epiplu’-scal line in an early stage of tlie disease. 


blasts, more intercellular substance and more bone islands. Howet'cr, 
small areas of larger giant cells surrounded by a narrow zone of round 
cells are met with here and there in the sections (fig. 9 A and B). 
Hemorrhages are a rather prominent feature of these lesions, and here 
the giant cells are apt to dispose themselves about the hemorrhage and 
aiiout the evst wall, ^'he hone islands are the same as those found in 
osteitis fibrosa and are surrounded by osteoblasts. 






GESCHICKTER-COPELAXD-OSTEITIS FIBROSA VE 

The relation of this histologic picture to the relatively brief duration 
of the symptoms is again brought out by the recent cases reterred to 
the surgical pathologic laboratorr- for diagnosis. Since patients hare 
been consulting the physician more promptly during the last dccarle than 
ever before, sections from exploratory operations on bone cysts have 
shown, almmst without exception, the inclusion of giant cell areas in the 
osteitis fibrosa tissue. 

Polycystic Osteitis Fibrosa . — Two views may lie taken concerning 
these lesions which are generally referred to by the name of polycrstic 
osteitis fibrosa. One view is that they are an early stage of osteitis 
fibrosa, assuming a structure characterized by an aggregation of small 
cysts because a fusion of these small cavities at a later date represents 
the mode of origin of the large solitary cysts. The second view would be 
that such lesions are a more progressive form of bone cysts, and that their 
continued growth bv the apparent budding of small cavities represents a 
transition between the solitary bone cyst (which is an arrested lesion) 
and the multiple form of osteitis fibrosa which is undoubtedly progres- 
sive. Some truth resides in both these views. 


A survey of the cases in our series and those from the literature 
shows tliat in a large portion of cases the multiple bone cysts take on the 
structure of polycystic lesions. Hence, this peculiar multilocular struc- 
ture is associated with the invasive nature of generalized osteitis fibrosa. 
On the other hand, when this polycystic structure is observed in a single 
bone (fig. 10 A and B ) , these lesions occur near the epiphyseal line in 
the metaphysis indicating an early stage in the transition from giant cell 
tumor to an arrested evst. The most important feature, however, of 
this polycystic structure is that under the microscope these small cysts 
are surrounded by tissue rich in large multinucleated giant cells (fig. 31). 
This microscopic structure shows that elements of the bone destructive 
lesion of giant cell tumor persist and that the arrested stage character- 
ized by fibro-ostosis and a scarcity of giant cells has not yet been 
reached. This lack of complete healing is explained on the one hand by 
the short duration of the symptoms and the proximity of the lesions to 
the epiphyseal line and on the other hand by the presence of multiple 

bone involvement indicating a generalized disease of the skeleton 
(table 3). 


knaggs.ii in his excellent review of osteitis fibrosa, stated that he 
'■■as convinced that there is an earlier bone destroying stage in the 
10 ogle process of bone cysts which is responsible for these lesions 

stage nor a 

_ ption of It in the literature. This early stage, we believe, is seen 

«cmpStr "o^'here is it better 

P'fied than in this particular group of polycystic lesions known to 





■■IRCIiniiS OF SURGIikY 



Fig. 10 (no. 28609) — A, polycystic osteitis fibrosa invading the epiphysis of the 
fibula : B, photomicrograph showing beginning of fusion in several small cavities 
Note the association of red blood cells with the cysts. 
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,l,e literature for over trventy-five years. Tile failure of the iiatholouic 
changes in this lesion to show its earliest stages has not been in the Utmor 
but rlther on the part of the pathologists in failing to rcrognizc the sig- 
nificance of the histologic picture. This conclusion is justified hy the 
appearance not only microscopically but also clinically. Ihe duration of 
snnptoms in this group of lesions when they occur singly near an 
epiphvsis averages about five months compared to two and a half \cars 
for the tvpical bone cysts if one or two unusual cases arc oinittc<l. In 
the x-rav picture too. these lesions are found most often to he situated 
in a subcortical location rather than centrally, and this asymmetrical 
position is characteristic of both early giant cell tumors and early bone 
cysts as will be demonstrated later. From a histologic standpoint, the 
picture of multiple small cr-sts frequently filled by hemorrhage and sur- 

T.able 4 . — Location of Tyfical Giant Cell Tumors 
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* -til the lesions listed were in an epiphysis. 


rounded bv giant cells exhibited by this group of tumors has all the char- 
acteriitics essential to the interpretation of it as a transitional fonn 
lelweeii the giant cell tumor and the bone evst. 


GI.A.NT CELL. TUMOR 

bitice an examination of the giant cell variant and polycystic forms 
ot osteius fibrosa leads to the conclusion that giant cell tumor tissue is 
^ w earliest phase in the pathologic process of bone cyst, an analysis of 
^0 topical giant cell tumor is in order. From its relationship to tlie bone 

a din r 

with a tendency to involve bone newly 
'le^tniciilT epiphysis), and that it is primarily a bone 

“fibro-o-to.-'^” slighter degree of healing reaction of the same 

-rnTT’ confirmed by an analysis 

an _00 giant cell tumors reported in the following tables. 

^ progressive, 

. ^ esion occurring at any age m the epiphysis, where osteo- 




ti tc t( aa a a 
c c s c c c c 


5 ^ 


OK oooooy;5o 


• C • ff 

: o :o 

. tf t£:s 
:£®« 


c C5 * es C— ® « — K C C3 C e c *5 £ o ,S.s 

w c^-wwir i: ^*- 

wO •:;4^vi4>>o>.u 2^0 w— «-» ^ 

• aSc, :§•£ = £•£« = §£;s SS&eag g£gg 

‘33X •®"3c;3X*rfi^5sK SS — C»2 Cji-'S 

:oow :<ocsowxft:<ow o<o<j^o psj^cio 


oo 


A cc S 

oeoo^coo l'o<»oec>30.«i'oceooo oo©« 

•M W ^ 




I 


I 


tf 

c 

o 

A 


P*> 






(/- tfj — 


oo<^' i 

EE.e.5S 

— cr .“r » 


55 




•men 
;•“ o o 

:^SS 

I ^oooo 

• *'“ S C5 

ioiiS 

• 5 c: S 

••g£S 2 


S S 
00 Ci 


A <2 A m 

a'^cS 
c c o c 
c: 2 s c 

C5 s rt'^ 

ES£S 

3 3 3c 
« SJ « 2 

r’CHr^c-f 




•3 

C 

a 

■3 S/3 
, G &0 


o "-'E r* 

•• f2 

-:=^ « 2 
cESS 

— -H M ^ « rJr-tMl'? CO 

C4<MCO»“*C^^C^C‘l r-i-rC^^^C^ Ct — 


J3 • 15 S 
C» o S S 

22£^ 

Pw 


SSSlioS geSgSEgSo 

•ji»jii?C^jCOC?C5 c^5C5C>3COOOCOOOC*3CO 


SSgggl 


S^if 


CC 05 ^ f 5 ^ 05 05 05 05 






Table S . — Typical Giant Cell Tumor — Continued 
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genesis proceeds until late in Hie. The maxi.nuni nnnther oi cases 
(40 per cent) occur in the third decade between the ages ot -.1 and nl 
years, or about a decade later than the average bone cyst. I his s? tu 
keeping witli the difference in locality of the areas ailectccl. Wha'cas 
the bone cyst favors the metaphyseal ends of the u])ircr part ot the 
Inunerus. femur and tibia, the giant cell tumor selects most frequently 
the epiphysis of the lower part of the femur and radius ami the upper 
part of the tibia (table 4). Ossification in the epiphysis persists later m 
life than in the metaphvseal regions and accounts for the age difference 
between these tu'o tumors. 

Although die giant cell tumor is typically benign, case follow-ups 
show tliirtA'-two recurrences in a series of 226 cases indicating that the 
tumor is usually progressive and must be eradicated by projKjr treat- 
ment. Omitting five cases which gave the unusual history of a duration 
of from six to nine years, the average time when the patient first came 
under obsen’ation was fourteen months after the onset, as compared with 
the average for tlie tr'pical bone cyst of thirty months. The usual 
sequence of srauptoms was trauma, pain, tumor and fracture — trauma 
Iieing present in 42 per cent of the cases and pathologic fracture in 14 per 
cent (table 5). 

X-Ray Features. — The x-ray pictures of this tumor emphasize its 
bone destructive character. The lesion generally assumes an as\'m- 
metrical position in an epiphysis, a comparison of early and late lesions 
showing that the area of bone destruction begins in a subcortical location 
at one side of the epiphysis and works its way toward a more central 
location at the expense of cancellous bone (figs. 11, 12 and 13). The 
expanded bony shell of the tvunor is extremely thin and, in slightlv less 
than 100 cases examined roentgenologicaliy in this series, was found per- 
lorated in 60 per cent of the lesions. Trabeculae traverse the diameters 
of the tumor when the shell of bone is intact, but as the tumor becomes 
larger, the trabeculae and then the bone shell disappear, the tumor 
extending into the soft parts. Such extension is aided by pathologic 
tracture when it occurs (fig. 14 ^ and 5). In even relatively advanced 
esions there is no periosteal reaction, and central areas of new bone 
formation are wanting. 


Gross Appearance . — ^The gross appearance of the U-pical giant cell 
iiinor shows the same bone destruction featured in the x-rav pictures. 
Hh demonstrates more clearly the limited but definite healing reaction 
the nuargin of the tumor. The gross appearance of the tumor 
u^nalK-tw in nature. As Bloodgood stated, it is 

do,nl'h occa- 

• bleeds, oozing like a sponge, ^^q^en crushed, it is friable like 



Fig. 11 (no. 25778). — /i, anterior, and B, lateral x-ray views of a giant cell 
tumor in the lower end of the femur. Note the asjTnmetrical location of the lesion 
and the extreme thinness of the bone shell. The trabeculae have almost disap- 
peared. 



Kig. 12 (no. 32277). — A, anterior, and B, lateral x-ra 3 ' \’iew of a giant cell 
tumor in the upper end of the tibia. The bone shell is still intact; trabeculae are 
present. 



GESCHICKTER-COPELAXD— OSTEITIS El BROS. I 


203 



Fig. 13 (no. 3770S). — Giant cell tumor in the lower end of the right radius. 
The bone shell is perforated on the lateral side, and the trabeculae there are 
disappearing. 
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chccsc. iMhrous areas may he palj)alccl in the j^iajss, extending inwardly 
like partitions from the ca])sule. These are the trabeculae seen in the 
x-jay pictine, and imdcr the n?icroscope the}'' arc Tihrotis septurns 
resembling osteitis Tdirosa. 

J he encapsulation of the tumor mass is sometimes efTccted by a con- 
nective tissue envelope, resembling in main' resj^ects the leathery fibrous 
ca])sule of the hone cyst. In the gross, the reaction of fibro-ostosis is 
most pronounced in the cortical hone on the shaft side of the epiphysis. 
Here the cortical hone thickens and extends downward from the shaft 
toward the epiphysis preceded by fibrous tissue. The cancellous hone 
extending across the medullary cavity on the .shaft side also la 3 'S down a 
fibrous harrier to the tumor which ma}' result in a capsule visible in the 
gross, hut more often di.sccrnihlc only under the microscope when sec- 
tions arc made from this region. 

Ill the cpiphvsis itself, in which the tumor is situated, the lateral 
margins present contrasting reactions. Because of its as 3 'mmetrical 
position the tumor borders on cortical hone on its outer side in early 
lesions, while inwardl}', cancellous hone is infiltrated. The border of 
cortical l)one resists longer and more efi'ectivcly the advances of the 
tumor. Its reaction consists in the laying down of new bone and fibrous 
tissue (fig. 15 A and B). The natural structure of cortical bone, how- 
ever, is extreniel}' thin in this region of the epiph 3 'sis as will be seen 
froni figure 16, and ultimate perforation through its wall is by no means 
rare. The supcviovhy of its defense over cancellous bone is demon- 
strated. nevertheless, by the fact that the tumor expands centrally to the 
opposite side of the epiphvsis in most instances before the cortical shell 
gives wa}'. The joint cartilage, to which ])oint the lesion general!}' 
extends because of its epiph}'seal location, resists successful!}' the inva- 
sion of the joint cavity. Its defense is by means of calcification of its 
alread}' compact substance, the calcified tissue being transformed into 
bone (figs. 17 and IS), 

Thus it will be seen that everywhere about the tumor normal struc- 
tures are endeavoring to stem tlie invasion. When this reactive tissue is 
examined microscopically, it shows a histologic structure typical of the 
fibro-ostosis seen in the wall of the bone cyst. Indeed the micioscopic 
structure of the giant cell tumor differs from that of the bone cyst, not 
in kind but only in degree. Here there is more giant ceil tumor tissue 
and less fibro-ostosis. while in the bone cyst there is a prepondeiant 
fibrous proliferation and new bone construction with little or no lemnant 
of giant cell tumor tissue. Microscopically, these giant cell areas icpie- 
sent the fundamental pathologic change underlying these lesions, and a 
careful study of them discloses tlie nature of giant cell tumor. 
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Microscopic Analysis . — The tumor mass proper, of the tyi)ical giant 
cell tumor, which is responsible for the bone destruction observed in this 
lesion and also in the bone C3-st, is composed essentially of large multi- 
nucleated giant cells embedded in a mass of smaller round cells ( fig. 
19 A and B). The giant cells average over 30 cells per field under the 
low power, with the number of nuclei in each cell varying from 15 
to 200. The cells range in size from 10 to 100 microns and mav or 
may not have distinct borders to the cytoplasm. 

The number of giant cells present varies from field to field, being 
more numerous about areas of hemorrhage, about spicules of old bone 
or about the walls of minute cysts. The typical giant cell tumor, how- 
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nuclear wall and a nucleolus. 'J he micleus is generally from 3 to 7 
inicions in size with ;! fairly large anioiint of chromatin cvenl}' dis- 
tributed, and the borders of the cytoplasm are usually indistinct, 

J hej’c is, apparently, a de/inite relationship between the round cell of 
the stroma and the giant cell. Jn the first place, when the giant cell pre- 
dominates the tumor by its numbers, the round cell prevails in the 



Fig. 20 (no. 32013) .—The giant cell variant of osteitis fibrosa. Note the small 
size and scarcity of the giant cells and the large number of spindle cells and 
fibroblasts in the stroma. Microscopically, the tumor is benign. 

stroma. Moreover, the nuclei of the giant cell always have the same 
general form and staining characteristics as the nuclei of the round cells. 
The only important variation is the tendency for the giant cells to have a 
more acidophilic cytoplasm with occasionally a greater concentration of 
chromatin in the nuclei and other signs of early degeneration. This 
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could be accounted for by a seniority in the age of tlie giant cell, the 
inference being that the giant cells are formed by agglutination of the 
round cells in the stroma. 

Conspicuous in the histologic structure of giant cell tumor is hemor- 
rhage. Red blood cells in a Avell preserved state infiltrate the tumor 
more often unenclosed by endothelial walls than otherwise. The tvpical 
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S])iciilcs of hone arc frequently hniiu! near the marf[in of the ttiinor 
or at Its capsule. Some of these spicules are uiuloiibtcclly surviving 
portions of old hone undergoing destruction (fig. 22), to he recognized 
hy llie giant cells applied to their surface, the condensation of calcium 
salts at the margins, the frayed and worn edges, and the small size of 
the hone cells included in the matrix of the spicules. Other s])icules with 
osteoblasts aiiplicd to their surface arc new hone resembling those fre- 



Fig. 22 (no. 14229).— Spicules of old bone being attacked by giant cells. Tiie 
margin of the spicules shows condensation of lime salts, worn and broken edges, 
and giant cell osteoclasts applied to the surface. The bone cells within the spicules 
are small, and fine linear markings are still present in the matrix. 

quently seen in osteitis fibrosa, and represent a healing reaction rather 
than bone of tumor origin. 

The spindle cells conspicuous about the new bone spicules are found 
elsewhere in the tumor among the round cells of the stroma. They are 
oval and slender in form with a nucleus rather well defined and a cyto- 
plasm elongated but sparse, without definite outlines. Fine fibrils sur- 
rounding these spindle cells indicate their fibroblastic tendencies and 
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ideiitifv them with the same type of cells seen in osteitis fibrosa. W hen 
tliese spindle cells predominate the stroma m giant cell tumor, the} 
indicate a healing process and mark the section as a variant (the spindle 
cell or osteitis fibrosa variant) of the giant cell tumor. 1 his important 
group of hvbrid tumors demonstrates a transitional phase between giant 
cell tumor and osteitis fibrosa. 


TRAXSITIOXAL LESIONS BETWEEN THE GIANT CELL TUMOR 

and the bone cyst 

The so-called spindle cell variant of the giant cell tumor and the 
group of multiple giant cell tumors and multiple hone cysts demonstrate 
bv their transitional structure the unity of the pathologic process undcr- 
Iving both the bone cysts and the giant cell tumor. These two transi- 
tional tomis will he considered separately. 

The Spiudlc Cell Variaiif of the Giant Cell Tumor . — It has been 
shown that the encapsulation of the giant cell tumor is accomplished by 
a healing reaction at its margin resembling in morphology, osteitis 
fibrosa. This healing reaction of fibro-ostosis predominates in sections 
taken from the margins of giant cell tumors, and for this reason twelve 
of the sixty cases graded as spindle cell variants of the giant cell 
tumor were found on further study to be taken from such areas in 


otherwise tt-pical giant cell tumors. In this group of twelve cases a 
single section under the microscope would often show a giant cell area, 
a border of spindle cells, a further outlying zone of osteitis fibrosa and 
a final region of proliferating cortical bone, demonstrating clearly the 
nature of the healing reaction and the attempt by nature to lay down a 
defensive wall (fig. 23). 

A special investigation was undertaken to verify this interpretation 
of the spindle cell tissue as a healing reaction. Blocks for sectioning 
were taken from various portions of the tumor margin in thirty gross 


specimens and examined. Sections taken from the region of cortical 
bone on the shaft side of the giant cell tumors always showed a marked 
protective reaction, histologically resembling in every respect fully 
de\ eloped osteitis fibrosa. The same was true of sections taken from a 


)\ell formed connective tissue capsule, particularly where the periosteum 
joined in the formation of the capsule. When other sections were made 
irotn the region of cancellous bone either in the epiphysis or in the 
uicdullary cayit}- on the shaft side of the tumor, the defensive reaction 
\\ as less pronounced but evident, and the infiltrating areas of giant cells 

histologic picture ta-pical of what has been 
led the spindle cell variant (fig. 24). Even when sections were taken 
perforated and infiltrated into the soft parts 
c r\as the same fibrous reaction, although under the microscope 




Fig. 23 (no. 17706). — Section taken from the periosteal margin of a giant cell 
tumor. New bone formation preceded by a layer of fibrous tissue is attempting 
to wall off the tumor. 



Fig. 24 (no. 11855). — A giant cell tumor showing spindle cell variation near the 
tumor margin. Spindle cells are infiltrating about the large giant cells. 
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„em,es tad been opened np in this tissnc Ihrongh tvhich giant cells 
* /'ficr Even on the cartilage side ot the tunioi 

Tar^gin toivard^he j'oint. the reaction was evident, calcihed cartdage with 

transition to compact bone abutting on tumor area. 

In thirtv-seven cases showing this spindle cell vanation under the 
microscope' (tables 6 and 7). the fibroid change was lairly iniilorni 
throughout the tumor. This group of cases was ot unusual interest 
because histologically it was practically impossible to make the distinc- 
tion betrveen giant cell tumor and bone cyst. Clinically. tlie\- were all 



Fig. 25 (no. 26091). — Giant cells perforating the new bone of the tumor capsule. 
The channel in the lower portion of the picture is the line of perforation. The 
giant cells are deeply stained, and no definite structure is visible. The poor staining 
IS due to the age of the specimen from which this particular area was selected for 
sectioning. 


located in bones other than the long pipe bones, eight were in the 
vertebrae and twenty -nine were in the small bones of the hands and 
or in the flat bones. The interpretation placed on these lesions was 
at they represented giant cell tumors in which the healing reaction 

The clinical follow-up on this group of cases 

one Tr ' ‘ mav except 

bich proved inoperable when a laminectomv was attempted on a 



Table 6. — Spindle Cell Variants of Giant Cell Tumors in the S/nall Bones j 
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tumor near the sacral region. With this exception, the other patient.^ are 
well witlwut signs of recurrence whereas in the typical giant cell tumor, 
there is about 20 per cent of recurrence following similar treatment. 

This group of lesions raises the question as to why the giant cell 
tumor oAhe epiphysis fails to heal and is a progressive lesion, while a 
similar tumor in the small or flat bones progresses partially toward heal- 
ing and the bone cyst arising in the metaphysis of the long bones presents 
a predominately healing reaction. The explanation lies in the difler- 
ences in the anatomic structure of the bones involved. The epiphysis is 
to be associated with the giant cell tumor, the metaphysis with the hone 
evst and the small or flat bones with the spindle cell variant of giant cell 
tumor. The epiphvsis in which the Pi'pical giant cell tumor occurs lacks 
the defensive mechanism represented by the thick corte.x of the 
metaphysis and diaphysis of the long bones and the overlying periosteum 
which as Macewen and Poland -* have pointed out. is equipped in the 
shaft and the metaphysis with a rich and vascular osteogenic layer 
which is lacking in tlie epiphysis after the age of 3 years. Hence, the 
giant cell tumor progresses in the epiphysis, whereas the bone destructive 
lesion in the metaphysis is reacted to effectively by the cortical bone in 
that region, and as the bone grows, the cyst or tumor area in the 
metaphysis is pushed toward the region of the midshaft within the pro- 
tective confines of the thick cortical bone as a walled-off cavit}’ (fig 16). 
On the other hand, in the small bones, spacial limitations bring the 
developing tumor almost immediatelv into relation with cortical bone 
on all sides of the growth. An active defensive reaction against a giant 
cell tumor occurring in tlrese bones is. therefore, set up early, and 
microscopically exhibits itself as a fibrous proliferation resulting in the 
so-called spindle cell variant. This early stimulation of compact bone on 
all sides of the lesion to produce fibro-ostosis makes it hard to find a 
region in a giant cell tumor of the small bones that is not invaded bv 
young fibroblasts (figs. 26 A and B and 27 H and 5). This tendency 
toward repair, however, although invoked early is not so marked as in 

the shaft of the long bones in which the cortex is thicker and more 
active. 


The fact that lesions with characteristics of the giant cell tumor 
>0 small bones ate often diagnosed as bone cysts demonstrates their 
lealmg tendencies. We feel, however, that the maintenance of two 
ratagories for diagnosis of these lesions in the small bones is unjustified, 
^■or years cases showing this type of tumor in the small bones have been 
- 1^1 fi^st with bone cysts and then ^yith 

independent classifications being 

are mant ^ ^"‘ity. It is clear that these lesions 

___>^ell tumors, showing a fair degree of healing reaction when 


■i. Poland, J.; Traumatic Separation of the Epiphyses. London. 


1898. 
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they lit’ivc the rippcaniiicc of ;i .s])iti(l!c ceil vavimil and a further degree 
of healing reaction when they a])i>car as osteitis fibrosa with giant cell 
areas. Certainly they are not the mythical entity of a cyst in the small 
hones secondarily invaded by giant cells. 

Dean Lewis ” in his ]iaper on “Giant Cell Tumor of the Vertebrae” 
approaches this jioint of view. In this contribution Lewis reviews seven- 



Fig 26 (no. 17436) Giant cell tumor in the os calcis. The x-ray picture, A, 
shows 'mottling and bone destruction. The shell of bone is intact. The niicio- 
scopic structure, B, shows a spindle cell variant of the giant cell tumor. 

teen cases including one of his own. pointing out that recoveiy aftei 
partial removal or exploration onl}", has been noted in thirteen of the 
seventeen cases, ossification occurring relatively frequently. In Ins 
series, the condition in two cases was located in the transverse processes 
of the lumbar vertebrae, two in the lamina of dorsal A'ertebrae and the 
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maioritv ot the remainder (as far as can be determined from the case 
reports) in the lateral portions of the vertebral body next the lamina. 

rvill be seen from figure 28 the site of these vertebral tumors m the 
region of compact bone and the early defensive reaction of fibro-ostosis 
produced, accounts for the healing emphasized by Lewis. Fortunately, 
sections from one of Lewis’ cases are in the laboratory, and like the six 
of our own (fig. 29) the sections show spindle cell variation. Perfora- 
tion and extension into neighboring bones occur more frequently in giant 
cell tumors of the spindle cell group (twelve of seventeen in Lewis 
series), but this is onlv because they so frequently occur in small or flat 
bones in which the cortex is always thin and other bones are in close 



1^'g- 27 (nos. 26953 and 17536). — ^The x-ray picture. A, shows a giant cell 
tumor of the terminal phalanx of the midfinger. There is involvement of both 
' 'tilt and epiphysis in this small bone, and the tumor has perforated at the distal 
ini The photomicrograph. B, shows a giant cell tumor in the phalanx of a toe. 

ortions of trabeculae of cancellous bone are undergoing absorption, while the 
P 0 1 eration of fibroblasts in other areas shows a healing reaction. 


approximation (fig. 30). Extension is not due to increased virulence of 
lie tumor, as some pathologists claim who consider the spindle cell 
(^lant of the giant cell tumor a malignant form of tliis lesion 

esiui ^ff^^ted is seen to be an 
tiniior atll f " the pathologic process of giant cell 
H'ld thinner c '^'if ^ epiphysis ivith its less active periosteum 

cortex allows the bone destructive giant cell tumor to 




I'ig. 28 (after Triciicl-Brcsiau : Anat. Hefte 25:209, 3904). — Cross-section of a 
lumbar vertebra showing tlic relation of cancellous to compact bone. As is 
explained in the te.Ht, tlio most frequent site of giant cell tumors is in the region 
of the laminae in the body, in the transverse process or in the lamina itself. This 
brings the tumor into contact with compact bone at an early stage. 



Fig. 29 (no. 38530).— Giant cell tumor of a vertebra. The giant cells arc 
embedded in a stroma in which there are many spindle cells. 
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progress, while the thicker and more resistant cortex of the nictaphysis, 
rrith its vascular subperiosteal layer promotes healing and makes for an 
arrested lesion, the bone cyst. 

There is another factor of great importance. howe\ er. namely age. 
Bone growth and a hone cell with great proliferating potentialities are 
characteristic of vouth. This power to heal a bone destructive lesion in 
the early rears of life accounts for the fact that the arrested lesion, the 
bone erst, is tliree times more frequent before the age of 20 than the 



—Gross specimen shorring the inrolvement of the third and 

T'oee-:. extension of the bone destructlre 

^ to sereral bones 


1'olea t^ ' T'"" of 

? senes in the epiphysis in patients under 

I'^ienK „nd f observed in 

:T,r ' "t ^ 

""1 .rl. “led "tn ^ 'PiP'’'-ses 

«’'»<= «alier agee by the active 
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I'igure 31 emphasizes how the age period innuences the physiologic 
factors underlviiig the di/lcrciiccs between giant cell tumor and bone 
cyst. Jn this cliart it will be seen that giant cell tumors do not occur 
until after the age of 5 when the periosteum of the epiphysis has lost 
much of its rc])arati^’c ])owers. J he healed bone cyst is the ])redominant 
lesion during the active growlli period when the regenerative power of 
bone is at its height. To state it brieOy, within certain age limits, as the 
healing jjowers of bone decline the frequency of the bone cyst decreases, 
while the frequency of the giant ceil tumor increases. 

Multifile Giuiit Cell 7 uiitor cud Multiple Osteitis Fibrosa . — A 
perusal of the contributions to this subject shows that a clinical and 



Fig. 31. — The age incidence of giant cell tumor compared with that of bone 
Cysts. Within certain age limits (from 10 to 25 ) as the healing powers of bone 
decline, the freqiiencj" of bone cysts decreases while that of giant cell tumors 
increases. 

pathologic overlap has long been recognized in this group of multiple 
tumors between bone cyst and giant cell tumors. Morton,^® in leview- 
ing the literature of multiple bone cysts, divides the lesions into gioup 1 
without giant cell sarcoma and group 2 with giant cell sarcoma. In a 
similar manner, Alexander and Crawford divide multiple giant cell 

24a. Both Henderson (Minn. Med. 11:542, 1928) and Meyerding (J. A. M. A. 
83:1323 (Oct. 25) 1924) recognized a relationship between these two tumors in 

their reports on solitarj' giant cell tumors. 

25. Alexander, E. G., and Crawford, W. H.: Multiple Giant Cell Tumors, 

Ann. Surg. 86:362 (Sent.) 1927. 





222 AKClIIl’IiS OF SURGERY 

minors into two .t,n-oups. those without and those with associated fibro- 
cystic osteitis. 

A review of our series of cases (tabic 8) emphasizes that in females 
past the a.e:e of ])uberty the condition predominates and that the males 
affected are usually under 12 and in these j)atients the condition is fre- 
cpiently associated with other juvenile diseases such as rickets, congenital 
syphilis, osteogenesis imperfecta and fragilitis ossium. Thus at the 
beginning of this discussion, it is important to realize that in cases of 
either multiple giant cell tumors or multiple bone C 3 'sts. there is 
frequently an associated disease, such as is not found in the single bone 
cysts and local giant cell tumors. Silver implied this when he excluded 
from consideration in his article evsts occurring in seven different grou 2 :)S 
of associated diseases. This fact of a complicating disease, however, 
is not sufficiently emphasized in the reports on this group of tumors, and 
it must be borne in mind in the following discussion. 

Multiple Giant Cell Tumor . — Many important features of 
the multiple giant cell tumor are illustrated in the following 
case (path. no. 37250, figs. 32 B and C and 33). The patient 
observed in 1922, was a white woman, aged 21, and the condition 
was of nine years’ duration. The patient was well in 1928. The 
lesions were in the right tibia, the left radius and both humerii, all 
occurring just on the diaphyseal side of the epiphyseal line. In addition 
to this there was a tumor in the left antrum. The specimens illustrated 
were from the right tibia. In the gross the tumor was polycystic, and 
under the microscope even smaller cystic areas were present in large 
numbers. Giant cells predominated in the tissue about the c 3 'St wall, and 
among these giant cells were numerous round cells. Elsewhere the 
stroma was composed of spindle cells and fibroblasts and further out 
there were islands of new bone and t 3 'pical osteitis fibrosa. There was 
much hemorrhage in the tissue, and some small cysts were occupied b 3 '^ 
blood. 

There were too man 3 ' giant cells in the sections for the tumors to be 
classed as simple C 3 ^sts. Similarl 3 % we have never observed a case of 
t 3 ^pical bone C 3 'st in the uiaper jaw. Yet, the tumors in the long bones 
are all on the shaft side of the epiph 3 '^sis, and the patient was only 15 
years of age when these lesions first appeared. These two facts and the 
po! 3 'C 3 ^stic nature of the tumor favor osteitis fibrosa, and the sections 
show numerous areas to this tissue. How is a combination of giant cell 
tumor and bone cyst to be explained in the same case? 

Usually, the single bone cyst is an arrested lesion as we have shown, 
an arrested giant cell tumor. When it is multiple, and particularly when 
it is poh'cystic, we har'e reason to believe that the general rule has been 
broken and that the lesion has become progressive. In the above case 
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llu- :in(' (»f ousel .-md ihe loe:ilio!i of the liimor.s in tlie inel.-ipliy.si.s of the 
Ion,; hones would seem lo indieate that had tliis Innior Iieeoin’e arrested, 
it would liave !)een a lypieal hone eysl. Instead it had heroine i)ro,,n-es- 
sive, slaiwed niiilli[i!e hone involvement, jiolyryslir strnrtnre .•ind a jire- 
dominanre of ,,d;ml rells, the experlefl e.\|)I;m:ition for this failure to he 
arrested l)ein,^ iliat there was an assorialed diseiise in the skeleton that 
prevented tlie nsnal proteetive <iver,{r<iwth of (ihro-ostosis from takin,^ 
place. When we review all the midliple rases in the literature, and those 
in onr rollerlion, we are impr<‘ssed with two farts, that the patients are 
either f(‘males ;it the a,^e dnrin,^ whirli osteonialaria orriirs or males and 
yotin,^ twirls at the a,;;c“ in whirh juvenile hone diseases ,'ire rommon. ’I'lu' 
.'issori.'ited skelei.al diseases vary, hot some romplir.'itin,^ f.artor is iisnally 
pi'esent (li,^. d-| ./ .and /»') surli as osteo,^enesis imperferta. rirket.s. ron- 
penilal syphilis, fra,;ililis ossinm anri osteonialaria. 


hroni tile farts already mentioned, the roiirliisions follow that most 
ninitiple /^iant cell tumors would, without a eompliratin,;; factor, develo]) 
rlinir.ally into a hone ryst and that their failure to heroine so arrested 
and the |iersislenre of [(ianl rell areas in them indicate a j)ro,fressive 
lesion. 'I'Ik' ,'iant rells present indirale the more primitive and ori,,dnal 
strnrtnres of these lesions, and ordinarily they disappear from tlie heal- 
ing solitary hone rests hy the lime lhat the lesion comes under ohsorva- 
tioii. 'J’liese mulliiile juianl ceil minors, llierefore, llirow considerahlc 
lijLihl on ihe earlier sla,;e.s of <i.sleiiis f'lhro.sa. 

Mitlliplr Hoik’ Cysis. — ,'\ review of mnltiple hone cysts in the litera- 
ture and in onr own series emphasizes the fact that the lesions de.srrihed 
under this head represent a ron,;lo!neratioii of patholo,i,dc entities. 


i.'i.i Altlionnli in this rase \vr had a( oiir dispusal only tlir hislory, x-ray.s 
and niiriosroiiir niali'ii.al, :m<l altlionnh \vr weic niiahlr to verify the eonelnsion 
by nielabolir studies, the fimdaniental roneeplion advaneed here lias been reeently 
eoninmed by evidenee jilaeed at onr disiiosa! Iliroiinli the eonrtesy of Dr. Ih M. 
Wilder of the Medieal Division of file Mayo (.’linie. ’i'lie ease, lliat of a wliite 
woman, aned .12, studied liy liini over a iietiod of four years (to lie reiiorled in 
I ndot I iii<il(i<iy) dn|)lieales in its I'ssential etinieal featnies the one already oiit- 
b'ned, and in addition sliow’s .’ibnoiinal ealeinin and iihosiibonis values in the blood 
serniii whieli nlliinately proved dependent on a hy|ieriiarathyroidisni associated with 
a beiiipn adenonialons tnnior of the iiaralhyroid pland. Giant cell tniiiors ocenrred 
ill the lower part of llu' femur, Ihe upper jaw and at Ihe site of the riplil lowei 
bienspid (epulis). 'Pile serniii ealeinin was elevated lo ll.-l nip. per Innidred enbie 
eendinelers, and the piiospliorns loweied to I.-t nip. per hundred enbie eeiitiiiieleis. 
As a result of this reinov.al of lime salts from the hones, the pelvis showed laie- 
faelion and distoiliou similar to osteonialaria tnid the sbnil and spine areas of 
absorption. Improvement followed removal of the jiaralhyioid Innior, it diet 
hiph in vitamins ami ultraviolet lipht therapy. 'Phe st'rinn e.alcimn had retmned 
to d,.? mp. per hnndred enbie eenlinielers .and the pliosphoiais to I.<S inp, [ler hnndied 
enbie eentimeleis wdien the p.atienl w.as last evaniined in /Niiril, l‘t29. 





32 C TliP ^ ^ ^'-30) Low magnification of the c>st shown oartialK in 
n^agnification^ThT broken feptilm^ 7 ^ ^*5^" 
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When .selected on a inicro.scopic ha.sis, these lesions show under the 
niicro.sc<j|)e a predoniinanee of osteitis tihiajsa, fewer, hut some giant 
cells, .'ukI less of the polj-cy.slic stntctnre. Clinically, this group is to he 
di.stingiiished from multiple giant cell tnmors hy the higher age limits 
and the longer rlnration of the symiHoins. This is whal would he 
exjjected if multiple hone cy.sts repre.sentcd a later stage in the same 
pathologic process as multiple giant cell tumors. When (jutspoken cases 
of Tagel’s osteitis deformans, osteomalacia, osteoarthritis and similar 
diseases are e.xcluded, all the evidence is found to support this view. 
When the cysts were large and the tissue spar.se in giant cells, we found 
the avenige age of the patients to he higher and the duration of the 
symptoms to he longer (table 8). Ultimate healing without surgical 
intervention occurs in multiple hone C 3 'sts, the process rcsi)onsihIe for 
the multiplicity of the lesion apparently suhsiding, although the c 3 -sts 
themselves may remain maii}’^ years as latent lesions. In such cases it 
will not he possible to line! an associated disease when these lesions come 
under olwerwation at a late date. 

In pa.ssing it is well to note here certain observations made in this 
grouj) of multijdc hone tumors. In the majority of the twenty cases 
in this series studied in this lahoratoiy the urine was e.xaminecl for 
Bence Jones bodies. In all cases the re.sults of the examination were 
negative, an interesting diagnostic point in view of the frequency of 
Bence Jones bodies in the urine of patients with multiple myeloma 
(65 per cent), and the association of these bodies Avilh other multiple 
hone tumors (Geschickter and Copeland-'*). 

THE NATUEE OF THE GIANT CELL 

It has been pointed out that the giant cell tumor under the micro- 
scope shoAvs a typical structure characterized hy many large giant cells 
embedded in a round cell stroma. Ihe spindle cell variant of this 
histologic picture and indeed, the microscopic structure of osteitis 
hhrosa and its variants were shown to he due to a healing reaction or 
fihro-ostosis in most instances superimposed on the original giant cell 
picture. In this waj' and also h}^ pointing out transitional lesions, it was 
shown that these various forms of disease of the hone in all prohahiliy 
originate from a single underlying pathologic process charactei ized 
histologically by the proliferation of giant cells. A fundamental impoi- 
tance, therefore, attaches to the elucidation of the nature of the giant 
cell and the causes for its proliferation. 

In contrast to the hone formative tissue of fibro-ostosis, giant cell 
areas in the skeleton are associated with hone destruction. Ihis is well 

26. Ge.schiclc(cr, C. F., ninl CopelamI, M. M. : Multiple Myeloma, Arch. Surg. 
16:807 (April) 1928. 
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illustrated bv figure 35 which shows a bone spicule lying at the margin 
of a giant cell tumor occurring in the lower epiphysis of the femur. At 
one end. the spicule is enlarged and club-shaped and in contact with it 
are numerous osteoblasts applied to its surface. Surrounding this 
enlarged end. beyond the osteoblasts, are numerous spindle cells and 
fibroblasts. At this end there is little doubt that new bone formation is 
taking place. At the other end the spicule is narrower, and the margins 
are frayed and worm eaten in appearance. Xear at hand arc giant cells 


• vtV' 
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svtu.s a pnililtM-alidii of osteoclasts as pointed out by Stewart of Lccdsd 
Mncli work has been expended in nu endeavor to determine whether the 
.Uiant cell erodes bone. The- question has not been conclusively settled, 
althont,di a well delmcd distinction has been drawn between giant cells 
of the heinoj)oietic series. ,giant cells in tnalignant tumors with rapid 
mitoses, tind foreign body giant cells. '1 he so-called osteoclast or giant 
cell of the ei)ulis type found in giant cell tumor is undoubtedly related to 
the foreign body tyi)e. It repre.sents a formation of cells characteristic 
of a jdiagocylic ])rocess, and as Lewis has shown, these larger elements 
are formed by the fusion of smaller ceils, with occasionally a further 
multi])lication of nuclei by mitotic division. Giant cells of this phago- 
cytic t}’pe arc found when agar-agar is introduced ijito muscle, about 
foreign bodies introduced into wounds, about gummas and tubercules, 
epithelial jiearls in squamous cell carcinoma and about necrotic fibrous 
tissue in other tumors. The ]>rescncc of these cells in such a miscel- 
laneous group of lesions is i>robably to be explained on a basis of a 
chemotaxis to a collagen-like substance present in all of these condi- 
tions. It is important to recall in this connection that Leriche and 
Policard have recently shown that a collagenous matrix is fundamental 
to the formation of all bony substances. 

But though related to the foreign body type in formation and phago- 
cytic nature, the giant cell of giant cell tumor with its typical retinue of 
round cells is by no means to be confused with the foreign body giant 
cell embedded in granulation tissue. No particular histologic training 
is necessary to distinguish between these two t}‘pes of tissue, and the 
current tendcnc}- to regard giant cell tissue everywhere as granulation 
tissue and to interpret all tumors of this form on such a basis is unjus- 
tifiable despite the contentions of Malloiy,'-® Konjetzny and many 
others. 

Histologically the giant cell in granulation tissue is a smaller cell, 
with fewer nuclei, peripherall 3 ' rather than centrally placed. The sur- 
rounding round cells are leukocytes of various types and aie relatively 
small. The giant cells although clumped rarely aveiage as man} as 10 
or 15 cells to a low powered field. In typical giant cell tumoi tissue the 
giant cells are larger, have more nuclei (from 15 to 200) centialiy 
placed and average over 30 to tlie low powered field. The accompanying 
round cells are not of the infectious leukocytic type but are larger, more 
uniform in size and structure, and their nuclei correspond in morphology 
to the nuclei of the giant cells. 

27. Lewis, W. H.: Mononuclear Blood Cells, The Harvey Lectures, 1925- 
1926, series 21, p. 83. 

28. Mallory, F. B. : Giant Cell Sarcoma, J. M. Research 74:463, 1911. 
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Fundamentallv there is a difference, and while recognizing the giant 
cell of tlie epulis type as related to the foreign body series, we view it as 
a specialized form and propose to demonstrate the osteoclastic nature of 
all giant cell tumors and their inherent relation to bone even when occur- 
ring in the soft parts. 

Such a view of the osteoclastic giant cells interprets them as phap- 
crtic elements which exhibit the property of giant cell formation 
when bone or calcified cartilage is being resorbed. The .question of 
whether the giant cells directly or indirectly, mechanically or chemicalK 
are accomplishing the bone destruction is irrelevant to this discussion. 
Suffice it to say. that thev are an early manifestation rather than an end- 
product of bone destruction as claimed by Arey,-'' and they ma\' be 
taken as an index that the process is active, since when this type of tissue 
proliferates the process increases. Embryologic studies emphasize this 
point. 

The Relation of the Histogenesis of Intracartilaginous Ossification 
to Giant Cell Tumor. — Although works on embryology since 1890 
(Quain^’) give the histogenesis of the long bones in some detail, the 
importance of this process for giant cell tumor made a reconsideration 
of the whole process essential. For this purpose we were fortunate in 
having the privilege of studying a most valuable collection of human 
embtyos in the Carnegie Institute of embryolog}’ placed at our disposal 
through the courtesy of Professor Streeter, director of tlie institute. 

In the long bones, the process of osteogenesis is similar in botli the 
shaft and the epiphysis, the two being formed by intracartilaginous 
Ossification. There are usually three centers of ossification, one for the 
dinphysis and one for each epiphysis. The center of ossification of the 
shaft develops first, new bone extending in two directions toward each 
metaphysis. The two epiphyseal centers develop much later (fig, 36). 
Hence, the areas in which new bone formation persists in the child and 
the >oung adult are in the metaphysis of the bones on the shaft side of 
die epipliyseal line and in the epiphysis. As we have seen, these per- 
■ isting centers of ossification are the sites of the lesions of bone cysts 
•T’ giant cell tumor. The histologic processes going on in these regions 
or centers explain how these growths arise. 

nia cartilage and later replaced by per- 

process may be said to take place by transformations 
prinnn-" (1) the calcification of cartilage to form 

___^^^Jweolae; (2) the invasion and resorption of the areolae and 

Fate of Osteoclasts. Am. J. Anat. 26:315, 1919- 


'■ E. a.. .-,„d Thane. G. D. : 

■ h part 2. pp. 2r>S-2S4. 


Quain’s Elements of Anatomy, ed. 10, 
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tlicir walls; (3) llu' layinj; down of iKTiiiaiiciU pcricliondral bone. Both 
IoM,i,MltidMiaI and (|■ansvcI•se seclion.s are necessary to a clear conception 
ol these three stap:es. and both arc iHustrated here (fij^s. 3G to 41). In 
tile ions,dttidinaI sections the ends of the bone are still primitive cartilage. 
I owaid tlie cenfei of tlie shaft, llie cartilage cells line up in rows, enlarge 
.ind seciele an increased lywdin malri.x which become.s calcified to form 
a honey-combed arrangement. The cartilage cells within these calcified 



Fig. 36 (no. 40936).— The femur of a monkey fetus at term. The photograph 
illustrates the persistence of cartilage in the epiplo’sis and the formation of new 
bone in the metaph 3 'sis. The marrow cavitr' is not j'et fulh’ formed. 

compartments next shrivel and atroph^^ their nutrition being cut off b}’ 
the calcified walls which form the primart'^ areolae. All this occuis in 
the regions that are the future medijllury cavity. In the subperichondral 
region (what is to be subperiosteal) along the margins of the shaft, 
osteoid tissue is being laid down by the perichondrium. In the next 
stage, this perichondral osteoid tissue is perforated by blood vessels that 
proceed inwardlj^ to the primary areolae (fig. 40 A and B). 
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This sta^'e in which the calcified areolae are iin-acled b}' blood vessels 
avid resorbed is the most significant phase tor the understanding of gtant 
cell tumor and is best seen in cross'sections taken from the long bones ot 
voung human embryos. It is just this phase that is most {X)or _% 
described in the textbooks, and the cross-sections illustrated here are 
usually omitted. In the transverse sections it will be seen that the 
primary areolae are invaded and resorbed by buds ot tissue proceeding 
from the outlying mesenchyme surrounding the perichondral bone. The 
manner in which these buds perforate the perichondral bone, invade the 
calcified areolae and absorb them is most important. Mesenchvmal cells 



tp. 37 (no. 40936). — Piiotomicrograph of the epiphyseal line ol the- femur 
co'r" Cartilage has calcified to form the primary areolae. Giant 

'll' 1!**^ o-'lcorlasts are eating their way into the calcified cartilage followed by 
iKi \cv>els. preliminary to the formation of permanent bone. Cells of tlve newly 
•'riu ninrrow cavity are seen at the bottom of the picture. 


- .li nuclei darken and the cells agglutinate to form giant 

I or osteoclast.s. These giant cells are first to perforate the peri- 
and the first to force entrance into the compart- 
unvlv 7 ‘ (figs. 37 and 38). In their wake come 

IVhui osteoblasts and other mesenchymal elements. 

cartilage is at its height, and 
:m , . ' •- . formed, a cross-section of a voung bone in 

' ‘TO ov trom 90 to 100 mm., taken from this region, will show a 
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vofitjihlc {^iaiu cell tmiior. 'J'lic* cavih- of the hone will be filled with 
i^iaiU celKs, round cells, small blood vessels, hemorrhage and osteoblasts. 
Laid the osteoblasts j)ersist near the margin of the medullary cavity to 
aid in the formation of cancellous and then compact bone, while the 
marrow cavity itself becomes filled with young hone marrow elements. 

J bese cmhryologic studie.s cmphnsi/.c the association of the giant 
cells with the perforation of new perichondral bone and the resorption 
of calcified cartilage. ’J'he si)ecimcns show clearly that the giant cell 



Fig. 38 (no. 40936) —Higher magnification of the same area shown in figure 
37. Three priniar 3 ’' areolae formed b^' calcified cartilage with a portion of tw'o 
others are shown in the photomicrograph. One areola is still intact, and m it two 
degenerating nuclei of cartilage cells are seen In the other areolae giant cells are 
seen forcing their entrance through calcified cartilage. Note that the nuclei of the 
giant cells are entirel)' different in morphology from those of the degenerated 
cartilage cells, and that they outnumber the cells in the calcified area. This dis- 
proi'es the statement of Are} that giant cells are rareh" seen when calcified 
cartilage is undergoing resorption and that the giant cells are formed as a 
by-product of degenerated dissolving bone by the agglutination of the nuclei of old 
bone cells. 
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proceeds imvardlv from outside of the shaft of the bone and that these 
multinucleated elements may arise in the primitive periosteal tissue It 
is not necessary to presume that they arise from the marrow reticuluni 
as manv histologists believe (Maximow nor that they are derived 
from the endothelium of capillaries. The only distinct evidence is in 
favor of the view that they are fonned from primitive mesenchyme and 
that such mesenchyme exists periosteally. 

Giant cell formation, therefore, marks the beginning of bone perfora- 
tion in the embr 3 ' 0 , and in the wake of these cells new blood vessels and 
osteoblasts follow. Over and over again in both giant cell tuinoi and 
osteitis fibrosa, particularly of the polyc\‘stic varieU'. we have observed 
■giant cells on the outward borders of new blood vessels and vascular 
spaces (figs. 5, 45 and 57) showing that the giant cells in these lesions 
retain the same histologic function as the osteoclasts seen in human and 
other mammalian embr}'os.^^“ 

Other points of interest in the embrr'ologic processes of bone are the 
formation of perichondral osteoid tissue directly from the mesenchvmal 
osteoblasts without the medium of cartilage which parallels exactly the 
bone formation described in this paper as fibro-ostosis. and the resem- 
blance of -calcified cartilage in the embryo to analogous tissue seen in 
osteogenic sarcoma. 

Turning now to the consideration of giant cell tumors, the location 
of these lesions (and also the healing form of bone cysts) at the sites 
and at the ages when intracartilaginous bone is being formed relates 
them to tins process. INfore specifically and convincingh’ the bone 
<lestructive character of these lesions and the prevalence of giant cells 
or osteoclasts in them relates them to the process of resorption of tem- 
porary bone characterized by the proliferation of osteoclasts or giant 
cells whicli has been described in the foregoing review of histogenesis 
ui the long hones. From this we conclude that the giant cell tumor and 
the related lesion of bone cyst are the result of an abnormal hyperplasia 
of osteoclasts preceded by a normal stage in which osteoclastic prolifera- 
tion is taking place as a phase in the histogenesis of intracartilaginous 
mne. From this point of view, the term progressive osteoclastasia is 
s'l'ggested for the process underlying the giant cell tumor and the term 


.'1. Maximow, Untersuchungen fiber Blut und Bindegewebe, Arch f 
.-Xnat. 76:1, 1910. ' ’ 

v.Kclh function of the osteoclasts as forerunners of the 

'’f temporarj- calcified structures holds for repair 
’’ experiments of Pollock and 

hcrcin'evn ^’■^"splanted bone (Arch. Surg. 18:607 [Feb.] 1929) 

'-"..planter w"' r"" that giant cells attacked the 

, •■"cd hone prehnunary to its vascularization and the formation of new 
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regressive osleoclastasia for hone cysts, 'I'liese terms show their rela- 
tionships .one to the other and also to the normal process of osteoclastic 
])i oli fei ation that goes on in the histogenesis (jf the long hones. 

(:i.\XT Ci:i,L TL'MOKS OF TMK SKULL 

d'lie validity of the liyj)othe.sis whicli relates giant cell tumor to tlie 
ixusoi'inion of temporal-}’ hone or calcified cartilage is to he proved hy the 
elucidation and the prediction of the facts in regard to these tumors 
wherever they are found. So far as giant cell tumors and hone cysts in 
the long hones arc concerned, this conce])tion holds, for hy age incidence, 



Fig. 39 (no. 40978). — High power field of an epiphysis of a child 11 months 
old showing calcified cartilage attacked by giant cells. This shows a similar 
process which is more clearly illustrated in figures 37 and 38. 


location and histologic structure these lesions are related to osteogenesis 
via cartilage. However, tumors of the giant cell variety occurring in the 
skull, along the alveolar border in the form of the giant cell epulis, and in 
tendon sheaths and soft parts offer greater difficulties in the establish- 
ment of this relationship to the resorption of temporary bone. To 
predict such a relationship for giant cell tissue in this divei'sity of lesions 
is to bring the conception of giant cell tumor thus far advanced to a 
crucial test. In order to carry out this test these various types of lesions 
will now be examined in detail. 
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The Clwndrocraiiiiuii in Relation to (iiant Cell Tumors of the Shull. 
— It the intimate association of the pathoif)qic changes in triaiu cell 
lesions to the resorptive process in cartilajiinons hone is a fact, then the 
bones of the skull and face should furnish vahiahle evidence to suppimt 
it. For it is known that certain hones of the cranium— particnlarlv the 
frontal, parietal and tabular portion of the oceijulai — which enmpo-e 



% 40 (no 40934) 

The upper seciion ‘he humerus of a human embrvo of 

by mesencln-mal elements perichondral o'steoid 

P ’mitive periosteum. The calcified **°'"^* Proceeding inwardlv from die 

» d'l ^ r«orp,i„„ t 

”S‘: .t:r 
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the calvarium arc formed from membrane rallier than cartilaj^e, as are 
most of the bones of the face. 1 liesc l)ones slionld be immune to direct 
involvement by either osteitis fibro.sa or i^iant cell tumor. It is true 
that they are provided with periostenm and that this tissue retains osteo- 
clastic as well as osteoblastic potentialities, but in such instances, the 
lesion sbotdd be jicriosteal in.stead of central and present other 
])eculiarilies. i\ review, therefore, of the exact bistolop;}’ and location of 
f^iant cell tumors of the head becomes of special sif^nificance. 



Fig. 41 (no. 409,14). — Iliglier nmgnification of the section sliown in figure 40 A. 
Tlie pliotoinicrograph illustrates the first step in the resorption of calcified cartilage. 
A giant cell proceeding from the priinitiv'c periosteum is perforating the perichon- 
dral osteoid tissue and attacking the primary areola. In its wake is shown a small 
blood vessel and other mesenchymal elements arising from the primitive peri- 
osteum. The picture disproves the assumption by numerous embryologists that the 
giant cells of an osteoclastic nature arc formed from the reticulum in the marrow 
cavity, for here we see that the giant cell is entering the future marrow cavitj' 
from the periosteum outside of the bone. 

Excludinjr the epulis of the alveolar border the records of the stirgical 
pathologic laboratory of the Johns Hopkins Hospital extending over a 
jicriod of thirty-five years show only twenty-two cases of giant cell 
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tumor occurring in the head. Bone cysts did not occur in this locality. 
Two ot the giairt cell tumors were found in the temiroral fossa, six arc 
recorded for the upper jaw and fourteen in the lower jaw. In the 
purely membranous portion of the calvarium (the frontal and parietal 
bones), not a single instance of these lesions is recorded (tables 10 
and 11). The three sites of tlie lesion.*:, the tcinjioral fossa, the ujiper 
jaw and the mandible, it is true, arc in regions of membranous hone. 
The squamous portion of the tem{K)ral hone, the sujierior maxillae* and 
a large portion of the mandible arc formed from membrane. l>nt there 
are also cartilaginous centers of ossification in the neighborhood of the 
temporal fossa, the maxilla and the mandible. It becomes necessary, 


T. 1 B 1 .E 9 . — RcJatioiishlps of Centers of O.cci/inidVin of tlw C l:oni{rocrori!'.im * 


Cbondrocranial Rfgion? Centers oi O-silVaticiii 


Occipital. 




J*.arl« f>I .\<liiU SVtill 
lla'ilar iiroe<'" oI nrril'll.al lintj'* 
Occipital conilylot 
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Ix’lovt the v|ii»Tli)r mjHinl liti'' 


Sphenoid. 
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Lingulae 
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1 
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(.lliddlc conchae 
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.. Criblform platc= 
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.. Inferior conchae 

— 

(Sphenoidal conchae 

conc!iao 


CoiBpapy™ip”g'^'’“ Kindred: TestbooV of Embryology, Xew Yorl;, D. .\i»pIelon vt 


therefore, to delineate carefully the areas of bone derived from cartilage 
111 the skull and to examine the twenty-Uvo lesions recorded to determine 
ether their locations coincide with such cartilaginous areas. 

Table 9 from Jordon and Kindred summarizes the essential points 
t e histopnesis of the chondrocranium. The same information is 
deri*''^r^ ^iagrammatically in figure 42, Here the portions of the skull 
11^1^4^^?'” cartilage are represented by areas in black, and in 
aLrd- ^^’en^’-two lesions occurring in the skull have been plotted 
tumorsln r seen at a glance that the giant cell 

of the skull —7 frequent site for these tumors 

______^^comcide in locality with centers of intracartilaginous ossifica- 


Tork Kindred, J. E.: 

’ -•'PPkton & Company, 1926 . 


A Textbook of Embrj-ologj-, New 





Fig. 42 (after Tolclt). — The areas in black show the portions of the adult skull 
formed from cartilage: see table 9. 



Fig. 43 . — Diagram illustrating the location of twenty-two giant cell tumors of 
the skull. Compare with figure 42. See also tables 10 and 11. 
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tion tor the mandible. The two Icbioii'' in the temporal 
dated with the wing of the spiienoid (which is dernul 
projecting into this locality. 1 hesc facts me further s 
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Tablf 11 — Giant Cell Tiniiors of the Shull and Jaxx* 
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Multiple tumor" m other bones 


the mandible most of 

giant cell tumors occur at the s\mph}sis w'here Meckel’s cartilao-e 
panicipates ur the formation of this bone. The others are located at 

Tahiri'r ^ separate center for cartilaginous ossification, 

also correlates the origin of the lesions in the temporal fossa 
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with cartilaginous centers in the sphenoid bone projecting into this 
region. The only discrciiancy is apparently in regard to the six lesions 
of the upper jaw. In table II, however, it is seen that all of these 
tumors found their way cither into the antrum or into the orbital fossa. 
The ethmoid bone which is entirely derived from cartilage is in relation 
to both of these cavities as is shown in figure 44 /i and B. 

The fact that neither bone cysts nor giant cell tumors can be found 
in the j^ortions of the slcull which are entirel_v of membranous origin and 
the fact that the}' always occur at least in proximitv to areas of cartilag- 
inous ossification is more than suggestive if not convincing. Such 
evidence is worthy of scrutiny in more detail. 

Giant Cell Tumors of the Temporal Fossa . — The histor}’’ of tAvo 
such cases arc on file in the surgical pathologic laboratory. Only the 



Fig. 44 (from Lothrop: Ann. Surg. 38:233, 1903).— /t, horizontal section 
above the level of the ostium maxillare. Within the figure, A indicates the 
antrum with arrows indicating the position of the ostium maxillare and lying in 
the infundibulum; U, uncinate process; the cavity just external to the letter is the 
infundibulum; a, a, anterior ethmoid cells; p, posterior ethmoid cells; septum 
nasi; O, orbital fossa; vi.t., middle turbinates. The posterior half of each 
turbinate is horizontal ; the anterior half is vertical, and each instance 
the turbinate contains a cell (c). The dark space external to these 
turbinates is the n;iddle meatus, and the long, dark area internal to the 
turbinates divided by the septum is the general cavity of the nasal fossa. The 
anatomic specimen shows the ethmoid bone which is formed from cartilage out- 
lined in black and demonstrates the relation of this bone to the antrum and orbit. 
B (after Frazer : The Anatomy of the Human Skeleton, p. 245) is a diagram 
illustrating the position of the labyrinth of the ethmoid in relation to the orbit and 
antrum. 

first is reviewed here because the records of it are complete in every 
detail. The patient was a white woman, aged 52, with pain near the 
right ear of three )'ears’ duration, and dizziness for six months. Exami- 
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lation showed deafness ccrchro- 

right. swelling over the ng it eini • pariiallv rcni'»vi-d i>y e\ci- 

5 pinal fluid. At the operation ^ ' V ' ,va- deenu-d 

Sion. There was extension about the hast o ti c ^ .levclnpcd 

inoperable. Four years after operation t k ^ Pehiiid. Vndcr 

haniplegiaduetothecontniuedgroiithot hcuu^ 
the microscope sections of the tumor sho^^od a t>,iical .n 



Fig. 45 (no. 37914) .—A giant cell tumor arising from the body of the sphenoid 
and presenting in the temporal fossa. Attention is directed to the relation of 
the giant cells to the newly formed blood cavity. 


(fig. 45). Careful inquirt* into tlie operative notes shows that the 
origin of the lesion was from the posterior body of the sphenoid extend- 
ing into the great wing around the carotid groove. This definitely 
relates the tumor to a center of cartilaginous ossification. 

Giant Cell Tumors of the Upper Jazu . — All six of these tumors of 
the upper jaw presented into the antrum and one involved the floor 
of the orbit as well. Two of the six were multiple lesions occurring also 
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ill other lioiies as will he seen from table 11. 'I'issue taken from the 
antrum was examined micrn.scopically in every case except in tlie two 
multiple lesions, where ti.ssue was taken from other hones (in one 
case the lower jaw. in the other (he tibia), the histolo{,^ic nature of the 
antrum tumors heinjj inferred. In every case, the tissue was graded as a 
spindle cell variant of giant cell tumor, microscopically. In all of them 
careful search, where tlie records were suflicicnlly detailed, related these 
lesions to the ethmoid hone which would account for their origin from a 
cartila.ginous center and the tendency of these tumors to present in the 
antrum or the floor of the orbit (fig. 44 -d and B). Interestingly 
enough the illustration from Nelaton's work on giant cell tumors 
published in 1S60 shows a lesion of the upjjer jaw, and the picture 
demonstrates clearly the relation of the tumor to the ethmoid hone and 
the inferior nasal choncha. W'c have re])roduced this illustration in this 
article (fig. 46), 

Gifijit Cell T'anior.'i of ihc Lower Jaw . — Lesions in the mandible 
show a ])refercnce for tlie area between the symphysis and mental 
foramen. Occasionally one is located at the ramus. This unique dis- 
tribution of these tumors is readily comprehended when the process is 
related to intracartilaginous ossification. 

Unfortunately little regard has been paid in either the literature or 
the clinics to the exact location of giant cell tumors in the head. All the 
available cases studied by us support the belief that the origin of the 
pathologic process involved is at the sites of bone formed from cartilage 
and related to the normal resorptive process of bone by osteoclasts 
which takes place in the histogenesis of these bones. The predominant 
location of the giant cell tumor in the epiphysis of the long bones, :t was 
seen, was in favor of this view. The fact that the membrane bones of 
the skull are not involved by either bone cysts or simple giant cell tumors 
confirms it. 

EPULIS 

The giant cell epulis of the jaws affords a strenuous proving ground 
to the concept of giant cell tumor advanced in this paper. For appar- 
ently in this group of benign lesions which occur on the gums and about 
the teeth there is no temporar}’’ bone undergoing resorjition to stimulate 
the osteoclastic proliferation. Yet the characteristic giant cell in giant 
cell tumor is often described by the name of epulis, and under the 
microscope the basis of such terminology is plainly evidenced by the 
numerous large giant cells found in these growths. 

Varieties . — Under the low jrower, the presence of stratified epithe- 
lium growing downward into the tumor from the mucous membranes of 
the gum must be relied on to differentiate many of these growths from 




Fig. 45 (from X^aton: Tumeurs benignes des os, I860).— Illustrations of a 
tumor arising in the ethmoid bone and presenting through the antrum into the 
tua.\illa. The resection of the jaw shows nicely the location of the tumor in the 
turbinates, which are derived from cartilage. (The capital letters of the alphabet 
"ere used by Xelaton to refer to normal structures, the smaller letters to the 

neoplastic features. Their kevs have been omitted because of their irrelevancy 
here.) 
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the typical <,nant cell tumor 47 A anrl B). The giant cells are of the 
usual muitinuclealed ty])e and differ from those in the giant cell tumor of 
the long hones in no ituportant detail. In the stroma of the epulis there 
is a tendency for a filn-ou.s modification or a leukocytic infiltration to 
take ])Iacc. and in special areas new hone fonmlion ot the fihro-ostosis 
type, such as is seen at the margins of the giant cell tumor and in the bone 
cyst, arc frequently seen. These islands of hone are typical osteoid 
spicules with osteoblasts applied to their surface. 



Fig. 47 (nos. 26824 and 36458).— Epulis of the giant cell type on the upper 
alveolar border. A illustrates the gross, and B, the microscopic. The giant cell 
areas are some distance from the mucous membrane and do not show well in this 
picture. 

The foregoing description, however, is varied markedly in the 
so-called fibroid epulis. Here under the microscope, the tumoi is prac- 
tically always without giant cells. When these occur, they are spaise and 
small (fig. 48). The stroma is spindle and fibroblastic and in some 
places it is loose and edematous forming small evacuated cysts. In other 
places the fibroblasts are being transformed into osteoblasts which are 
laying down the intercellular substance of osteoid tissue. At points this 
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osteoid tissue is converted into true bony Hnc. t 1 

in osteitis fibrosa. Organised beinorrltage is a -o prc lit. 

Microscopic analysis, tbereiore. divi.les e|inbs into .1 gi.iit . . 

which is nracticallv iiidistingnishaiile in its linidaiiiciniil Instolo.y iron 
giant cell minor and a fibroid variety, rvliich is .be evac, ' 

osteitis fibrosa. There are only .iiinnle rariations s„cl, .o s i . 
modification in the niorpholo-y ot the itmm cell in t le tir-t i a- 
and the tendency of the second cla- ot epuh*. to he a M.hd ^tnutnn 



48 (no. 23768). — Photomicrograph illustrating the fibroid t>pe of epulis, 
^ote the resemblance to osteitis fibrosa. 

father than a thin tvalled cyst. The conclusion that ^ve are dealing tvith 
the same t>-pe of pathologic process here as in the cyst and the giant cell 
tumor in the long bones is unavoidable. Clinically and in the gross, 
however, the epulis is found only along the alveolar borders of the upper 
and lower maxillae which are membranous bones, and it is a periosteal 
father than a medullary lesion. 

These two facts constitute an apparent exception to the rule that 
?ant cell tumor and its healing phase, osteitis fibrosa, always occur in 
4 le medulla of intracartilaginous bone as a consequence of a dysfunc- 
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lii)n ill llic iKinn.'il ostcochistic resorption of this type of hone. The 
belief that tlie t^ianl cell tiiiiior is an cxaj(/^eratioii of such osteoclastic 
activit}’ in (he resorption of temporary bone, aclcanccfl throughout this 
]>a])er, contests such an exception to (he general rule, and demands that 
epulis be brought into intimate relationship udth a normal osteoclastic 
liyjierplasia. 

Origin . — At the outset it is necessary to exclude from a diagnostic 
standpoint a large number nl the cases usually classed as epulis. Many 
extraneous lesions such as hemangioma, fibroma, fibroheinangioma and 
lungating ulcers of infectious origin are erroneously placed in this 
category on the insufficient grounds that they occur on the gums. When 
this group is restricted on microscojiic grounds to the lesions already 
de.scribcd under (he giant cell and fibroid ejiulis, a clinical entity is 
obtained which is more readily analyzed. 

Epulides of this restricted category have been shown beyond per- 
adventure to be iieriosteal in origin. Bloodgood has shown that the 
lesions arise from the alveolar dental periosteum. They ma\' arise 
either under the mucous membrane of the gum immediateh’ surrounding 
a tooth or from the interior of the root socket itself. Besides this close 
association with the ijeriosteum of the teeth, they occur only at the 
alveolar borders of the maxilla in the regions extending from the first 
molar on the one side to the first molar on the opposite side. An 
epulis practically nc\’er occurs behind or fastened to the root of the last 
molar and rarely at the site of any of the permanent molars. 
This point was emphasized b}’ Scudder*^ in a review of 17S 
cases compiled from various clinics. They are most frequent near the 
canine and bicuspid teeth. Clinically, this relation to the teeth is further 
emphasized by the symptoms of the patient who gives a historj' of a 
carious tooth or some other dental irritation. The patient generally 
refers to the. growth in its early stages as a gum boil, but the advanced 
stages may show a tremendous overgrowth of tissue protruding over 
the jaw and outside of the oral cavity. The growth of the epulis is out- 
ward and practically never invades the bone but pushes upward through 
the gums in the crevices about the teeth or in a fossa where a tooth has 
been pulled. The overgrowth and increase in size is never rapid until the 
tumor has escaped the confines of the alveolar border and is proliferating 
over the margins of the gum. The patients are most often children or 
young adults. 

It is a consideration of these clinical features of epulis that gives a 
clue to the pathologic changes in this disease. First, they arise only 

33. Bloodgood, J. C.. on Epulis, Brj'aut and Buck; American Practice of 
Surgery 6:818, 1909. 

34. Scudder, C L. : Tumors of the Jaws. Philadelphia, IV. B. Saunders Com- 
pany. 1912. 
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about the periosteal borders oi certain teeth. Second, they pr.-ictu-;i!!y 
never occur at the site of the tnolar teeth. 'rhir<l. they expand outcvardly 
and proliferate onlv after escaping the alveolar h<ir<Ier. lomrth. they 
occur most frequently in children (not infant.s) and young a<hdt.v 
Again the age incidence and the site of the lesion arc invaluable in dis- 
closing the nature of the pathologic process. I he unique fe.iture'- of 
the age limits and the failure of the epulis to occur about the \nol.irs 
relates these lesions to the deciduous teeth. I'or unlike all the other teeth 
the molars make only one apitearance an<l that is a jtermaneitt one. 
If epulis can be related to the normal process of shedding the <lecidnou'- 
teeth which begins at the age of G and extends li> the thirlccitlh year, tlie 
histogenesis of this process should explain the nature of the epulis and 
correlate the pathologic changes in this lesion with those in other giant 
cell tumors. This expectation is fulfdled when a study is ttiade of the 
embryology of the teeth and the histologic process hy which they are 
shed. Here the hvperplasia of osteoclasts seen in giant cell minor is 
duplicated by an analogous process, in which there is a proliferation of 
odontoclasts that are instrumental in loosening and dissolving ilie roots 
of the deciduous teeth. 

In more detail the histologv is as follows; *l'he anchorage of the 
deciduous teeth is by means of a thin layer of dental cement or cenientum 
which surrounds the roots and is invested hy a periosteal coat (or ]X'ri- 
cementum) which forms at once the outward coal of the roots and the 
periosteum of the jaw uniting the one to the other. 'I'he pericementnni 
stops at the neck of the tooth and forms an annular thickening in con- 
junction with the dense connective tissue of the gum that is known as 
the circular dental ligament. The cementnm itself is menihranous hone 
and differs in no essential respect from this type of hone found cdse- 
where in the body. At about the age of 5 years odontoclasts arising 
trom the pericementum or periosteum of the root proliferate and absorb 
the cenientum of the roots of the deciduous teeth and thus open the wav 
for the eruption of the permanent teeth (fig. 49). 

About the roots of the deciduous teeth, therefore, there is a peri- 
osteum which is nonnally endowed with the power of osteoclastic hyper- 
plasia. This osteoclastic hyperplasia is a normal occurrence after the 
ot 5 and is nature’s provision tor shedding the deciduous teeth. The 
process is analogous to the osteoclastic hyperplasia that occurs in the 
en s ot the long bones and in the cartilaginous hones of the skull and is 
natural method for the absorption of cartilaginous bone. The 
eci nous teeth, therefore, are in part like cartilaginous bone in that 
^enipora^- bony structures and tiie pathologic process of giant 
tumor arises m connection with either, in one case crivino- 


is and m the other the typical giant cell tumor of the Ion 


g hones. 


.ih'ciurHs or .srHCJ-rv 


TIk« fad lliat llu-rc is a lihnml (y])c of epulis just as (here is osteitis 
lihrosa in relation to f,n’am ceil imiior courirnis this view. 'J'he fibroid 
epulis is the evidence of the healinj^ reaction of the periostenin about the 
lesion. 'I'his healinj,^ reaction, like that everywhere in (he periosteum 



I'iK, 49 (after Arey . Am J. Anat. 26:.tlS, 1919-1920).— Giant cell osteoclasts 
about ibc roots of the cleciOuoiis teeth of young pigs. od. indicates giant cell 
osteoclasts; mix, matiix of teeth loots and obi, o.steoblasts. 


tuid .subperiosteal lathers of bone, is an efiieient defense against osteo- 
clastasia or gitint cell ttnnor. We have seen tliat it is capable of arrest- 
ing a giant cell tumor or bone cyst in the .siiaft of a bone. At the 
cpi]ihysis, however, where periosteum and cortical bone are deficient. 
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the ?wiit cell tumor i. progre-Mt c and break- thrmmli. In the -anu- u a> . 
m regard to epulis, the fibroid reaction (or as we chno-e to call it liliro- 
o^tos'is) i^: an efficient barrier to the tumor. It piacticallr ne\er in\adcs 
the bodt of the jaw.unless there has iieen tnidne tranina or -onu- other 
factor. The abilitc of the epulis to progre- and to prolilerate our the 
gum. houerer. is due to the fact that periosteum cea-es at the -urface oi 
the tooth, and it is through this gap about the teeth that the eimhs erupt-. 

There are few other places in tiie iioih. to our knowledge, in which 
the periosteum is endowed normalh with such osteocla-tic proliferation 
as it is here at the aheolar border, although it i- true a- i- demon-tratid 
in the absorption of callus after fracture that all jierio-tenm ha- -onie 
osteoclastic pow er. The unique situation, therefore, of epiili- i- readily 
comprehended. These tumors are connected with the -he<lding of the 
deciduous teeth, and the age incidence of them i- related to the eruption 
of the permanent teeth as is shorvn in table 12. 

Tmr 12 — Aoc Ittctdcucc of ntiilis in Rclnlton lo hruftion of Prririrrrnl Ti-itl, 


tge of Eruption of Permment T«tli ‘ 


tis’ Inriil<’:ir' of I pi I ‘ t 


Fir«t molars 
Ttvo central inci-ot' 
Two lateral mci'orc 
Eist premolar- 
Second premolar' 
Canine' 

Soiond inolar' 

Third tnolat' 


.. . rth voar 
Ttli \ear 
Sth 

otli \ear 
irttii rear 
•llth and ]2tli year 
12th and iSth year 
iTtb and 25th \ear 


■>to 10 i. 'Tr- 
io to 20 ao ir- 
20 to .!0 j c ir- 
y> to tJ > 0.1 r- 


( • 
IT n‘o. 


* Gray'- rnatomv, ed 21, 102t, p 1134 

' yt.Pntient' wero over year- and rmler 4". \eir- of rge 
'ite of the third molar 


No )i -Ion- oniirrnl .it tto 


It Will be seen that there is a latent period or lag between the appear- 
ance of epulis and the shedding of the teeth. In other words there i- an 
elapse of time behveen cause and effect which is due to the slow and 
benign course of these lesions. But the important point is that the 
epulis does not occur before the age of 5. and this is due to the fact 
tbat the permanent teeth do not begin to erupt until the age of 6 Instead 
of being an exception to the rule that giant cell tumor follows on a 
oonnal proliferation of osteoclasts, the epulis, therefore, presents 
valuable eridence in confirmation of this riew. These lesions are related 
to a normal proliferation of the odontoclasts, and the process is best 
tonned odontoclastasia which avoids the confusing miscellaneous group 
01 conditions that for years have been carelessly thrown together under 
the term of opnbs. 

XAXTHOAI \ 

Tl * 

the o-T slant cell tumor arises as an abnormal phase in 

^irate^iu rT cartilaginous or temporaiy- bone demon- 

«11 tumor. pathologic changes in the giant 

the xanthoma group. For here this conception enables 
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iis to disprove (he current endothelial and j^rannlation tissue theories of 
titese iri'owtlis and to split oiT for the first time a clinical and pathologic 
entity from this chaotic .i^ronp of lesions. 

/ (iiicfirs. Since Lehert,''' in 1845, introfliiced!lhe term xanthos to 
denote a j,M‘onp of yellow fihrons tumors, a larj^e and mi.sccllaneons col- 
lection ol entities has accnmnlated niifler (hat headini^. A jt^ronp of .skin 
lesions under the names of x'anthoma palpehranitn. xanthoma diabe- 
(icoinin and xanthoma multijilex may he set aside here because giant 
cells are absent and untypical ol this series. While containing lipoid 
pigments, blood pigment is usually wanting in these lesions. The 
xanthomatous tumors connected with the joints and tendons, however. 
tre(|Uently contain tyincal giant cell areas, and arc related to the group of 
skin lesions mentioned onlv hv their characleri.slic vcilow color which has 


been shown dermitely to he due to blood pigment or lipoids and hence 
nonspecific. Cells related to the.sc lipoids and containing cholesterol 
have been referred to in the literature as foam cells and occur just as 
indiscriminately in this series of tumors as does pigment, being less fre- 
quent, hut e(iually nonspecific. The.sc foam cells also accompany at times 
typical giant cell areas in this collection of growths, and the presence of 
these cells in otherwise typical giant cell tumors of the long hones has 
led to the connotation of xanlhosarcoma of hone hy some authors. 

W'riters on the subject of xanthomatous tumors are agreed that this 
grouj) compri.ses neither a clinical nor a pathologic entity. But since the 
giant cell areas have been \’iewcd as nonspecific granulation tissue and 
both ])igmcnt and foam cells have been proved to he nonspecific, a crite- 
rion has been lacking wherewith to begin the analysis of this group of 
lesions into separate entities. 

Xevertheless, since the time of Chassaignac in 1852 and Billroth"' 
in 1868, clinical peculiarities in regard to giant cell tumors of the tendon 
sheaths have repeatedly caused them to be set apart in this xanthoma 
group. More recentiv Tourneux in 1913, Beekman in 1915, 
Broders in 1917, Garrett in 1924 and Itlason and Woolston ■*" in 


35. Lebert: Physiologie et pathologie. Paris, D. Bailliere, 1845. vol. 2, p. 120. 

36. Cliassaignac ; Gaz. d. hop., 1852, p. 185. 

37. Billroth, cited by Beekmaii : Giant Cell Tumors of the Tendon Sheaths, 
Ann. Surg. 62:739, 19l'5. 

38. Touriieux, J. P. : Lcs sarcomes dcs gaines tendineuses, Rev. de clnr. 47 : 
817, 1913. 

39. Beekman, F. : Giant Cell Tumors of the Tendon Slieaths, Ann. Surg 62: 
738, 1915. 

40. Broders, A. C. : Benign Xanthic E-xtraperiosteal Tumor of the Extremities 
Containing Foreign Body Giant Cells, Ann, Surg. 70:574, 1919. 

41. Garrett, C. A.: Tumors of the Xanthoma Type, Arch. Surg. 8.c - aj ) 

1924. ^ , 

42. Mason, M. L, and Woolston, W. H.; Isolated Giant Cell Xanthomatic 

Tumors of the Fingers, Arch. Surg. 15:499 (Oct.) 1927. 
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1927 have emphasized the tendency for these tumors to occur on tlie 
hand about the fingers and on tlie foot and aI)OUt tlie aiikdc. Although 
the exact limits of the group were pathologically ill defined. Mason and 
Woolston^- were able to collect 144 cases including eight of their own. 
placed in this class with reasonable assurance on the grounds of their 
characteristic location and peculiar histology. The clinical sunimar} b% 
these authors shows that the sexes are about evenly aflfected. that adults 
with an average age between 35 and 40 predominate, and that the size 
of these firm vellow tumors ranges between that of a pea and that of an 
egg. The course of the disease is tyjMcally benign but protracted 

Table 13. — Giant Cell Tumors of Tendon Sheaths 


Path. Race. Sex, 

Xo. .Age Location Tr.amna nitration 

W. JI. 2S Little finger, flexor surface <; years 

4nf*3 W. P. 5fi Infiex finger - 

tlOSa W.M. Finger 

.'Mis W. F. Ring finger, fle.xor surface 4 years 

SfijCS W. F. IG Thumb, ulnar side 

W. F. 13 Ring finger, flexor surface Xes ittuiontiis 

ll'M W. M. ss Inde.x finger, extensor surface.. Yt>s years 

O.VR3 W. JI. 17 Sliddie finger 

■MAU W. JI. Index finger, flexor surface i years 

Finger 

3I- 5-’ Index finger, flexor surface Yes 1 year 

•iltsS W. if. 7 Great toe, medial side twontlis 


ios W. F. 31 
2*!r>7 W. F. •■’7 
■SsSa W. JI. in 


-<ih w.r. IS 
2'712! W. F. 
■21SS W. JI. “>( 
■-'•Ut W.JI.lo 


Index finger, flexor surface 

Jliddle finger, flexor surface 

Index finger, flexor surface, ring 
finger 

Ankle 

Jliddle finger, multiple 

Ring finger, flexor surface 

Foot, metatarsal 


Itoja 

i>77;i 


r;37 

un? 

lirO! 

‘'137 

.".i'/i 


W. JI. 

W. F. 5S 

w. JI, 

w.r. 

W. r. 36 
w. JI. 23 
w. JI. 3(1 
w. JI. 10 


Hand 

Foot. instep, tarsal bones 
eroded 

Ankle 

Finger 

Index finger 

Foot 

Thumb, flexor surface 

Ankle, medial side 


." years 
10 weeks 
1 year 


Yi-s .’.years 
Yes ~i .vea rs 
SO years 


14 years 

Yes 2 years 


Yes IS years 
s2 years 


Jliero-eopic 

Typical giant c Il are.a. 
Tynical p'ant cell area- 
Typical giant cell area*- 
Typical giant ei'll area*. 
Typical giant ceU an a*. 
Tvtdcal giant cell areas 
Typical giant (i*ll areas 
Typical giant cell areas 
Typical giant ivll ar>‘as 
Typical giant cell areas 
Typical giant (oIl areas 
Hone and giant tvll 
a rea s 

Typical giant cell areas 
Typical giant ceil areas 
Typical giant cell areas 

Typical plant coll areas 
Tvpical gi-iit c'H nreas 
'I'ypical giant (ClI areas 
Cartilage anti giant 
cell areas 

Typical giant cell areas 
Typical giant cell ureas 

Tvpical giant cell areas 
Typical giant celt areas 
Typical giant cell areas 
Typ’cal giant cell areas 
Typic.al giant cell areas 
Typical giant cell areas 


(aierage duration four and one-fourth years), while trauma as an 
etiologic factor is present in from 30 to 60 per cent of the cases. 

A e have restndied this group of tumors and have had the privilege 
ot checking the studies made by Garrett « in this laboratorv in 1923 
w 10 reviewed 196 lesions of the joints, bursae, tendons and of the sub- 
cmaneous tissues. Our restudies with over 100 additional cases in the 
accumulated since that time permit a segregation of tv\-ent>'- 
arca! ^ xanthic color composed of fairly tj-pical giant cell 

histologically restricted presents more forciblv 
clinical and pathologic peculiarities. 

t"-e"A-seven lesions were 
the fingers at the metacarpophalangeal or interphalangeal 


■iKiHirns oi- siiHuiiRy 

joints and .nc.sl „r these u-ere on the Hexor .surface. The remainder 

. . I'’"’'’'' ‘-•'•‘’‘-•"•JJcre on the hand or about the foot and 

.1 I dc. J his predilection of the tnniors for the tendons in sj^ecial regions 
onl_\ IS of more than passing significance. 

Not only are tile localities involved tinifiue. hut the histologic struc- 
ture of these lesions is equally sirik'ing. Johrosis of a marked degree 
ami to the spmdle cell variant of giant cell tumor or to the fibroid tipe 
of epuhs predominates the stroma about the giant cell areas. This 



Fig 50 (no. 42995) — Photomicrograph showing tlie high power of a giant ceil 
xanthoma of the tendon sheatlis Note the network of intercellular substance, the 
giant cells and the numerous round cells A few larger cells resembling cartilage 
cells are seen among the fibrous network 


fibious tissue takes an unusually brilliant pink stain with hematoxylin 
and eosin and forms a peculiar lattice work in special areas enclosing 
cells that resemble cartilage cells (fig. 50) Giant cells of the usual 
epulis type, large and multinucleated, are numerous, and frequently 
average more than 30 to a low powered field. They are embedded in 
the usual round cell stroma tj'pical of giant cell tumor, and conspicuously 
not the round cell infiltration seen in granulation tissue. Occasionally. 
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the foaiii cell characteristic of other types of xanthoma is present. Imt 
this tvpe of cell has also been observed in 5 per cent of the giant cell 
tumors occurring in the long bones. 

Under the microscope, pigment is a conspicuous feature of most of 
these tumors. As Smith showed by his studies in tin's laboratory, this 
pigment is old blood pigment and gives the typical iron reaction. 

Since we reject on histologic grounds the current granulation tissue 
theorv of these lesions, it is necessary for us to demonstrate a connection 
between these tumors and some bony or cartilaginous structure. Here- 
tofore attempts to establish such a relationship have failed, since tendons 
attach to the fibrous layer of the periosteum and bone only at their distal 
ends and the tumors under discussion are found not at this |K)int. but in 
a more pro.xiinal position within the tendon sheaths. 

Origin of Xantliojiia of the Tendon Sheaths . — Fortunately there was 
available in the laboratory an important clue. A giant cell tumor of the 
patella was on record (table 7). Seven such tumors of the patella 
recorded as variants of either the bone cyst or the giant cell tumor have 
been reviewed by Cole.’'* and a personal communication from King and 
Towne^^ described a similar tumor of the patella the report of which 
has been published in the Archives of Surgery. The microscopic 
appearance of these tumors of the patella resembles the giant cell tumor 
of the tendon sheaths in regard to the large amount of pink-staining 
fibroid material. Still more important is the fact that the location of 
these tumors resembles the site of origin of similar tumors in the 
xanthoma group, in that the patella is embedded in a tendon, being a 
true sesamoid bone derived from cartilage. 

The immediate inference suggested is that the giant cell tumors of 
the tendon sheaths arise in the sesamoid bones. The fact that these 
bones are derived from cartilage brings this inference into line with the 
conception of giant cell tumor pointed out in this paper and the fact that 
these sesamoid bones occur more frequently in the tendons of the fingers 
coincides with the location of these tumors described clinically. 

A Terdew of the embrs'ology and anatomy of the sesamoid bone 
occurring in the human body supports the view that the giant cell tumor 
of the tendon sheaths arise from these bones. These bones must be 
regarded according to Thilenius •*« as integral parts of the skeleton 


XanthoSrf*'’ ^ Differential Diagnosis Between 

(May) I 92 r ^fclanm Tumors from Frozen Sections, Arch. Surg. 8:90S 

<■>57 dS!’"’ ' Surg. 7: 


Patella. 

Thilenius. cited by Bradley. O. C.: Anat. Anz. 28:528. 1906. 
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!)ii_\ lof^CMCtiiiilly iiilifi itcd. J^nullcy lius shown that cnibrvologically 
these hones are carlilaj^inons hurls separating off from the joint side of 
the future hone just beneath the flexor tendon ffig. 51). The work of 
I'fitzner ''' lias shown that the sesamoid hones are most frequent on the 
first, second and fifth digits of the hand and foot at the metacarpo- 
jiliaiangeal or the metatarsophalangeal joints, hut that they may occur at 
the site ol these joints or the interphaiangeal joints in all of the fingers 
and toes. Other, hut more unusual, sites are in the tendons about the 
elbows, knee or ankle and in the tendon of the psoas muscle at the pubis 



Fig. 51 (after Bradley: Anat. Anz. 28:528. 1906).— Sketch showing the devel- 
opment of a sesamoid bone on the flexor side of a digit in a pig embryo 52 mm. 
long of forty daj's’ gestation. The sesamoid bone, preformed in cartilage, is seen 
budding from the joint side of the distal phalanx. 

or occasional!}' in the gluteus maximus near the head of the greatei 
trochanter (table 14 and fig. 52). 

In a study of the twenty-seven cases of giant cell tumors of the 
tendon sheaths in our own series and in a review of cases reported in 

47. Bradley, O. C. : A Contribution to the Development of the Interphaiangeal 
Sesamoid Bone, Anat. Anz, 28:528, 1906. 

48. Pfitzuer, W.; Die Sesambeine des IMenschen, Morphol. Arb. 1:517, 1892. 
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the literature, all of those cases having typical giatU cell arca.^ were 
found to coincide in location tvith the sites of se.^a.noid hones. _ 1 he 
occurrence of the sesamoid bones most frequently on the hexor surtaco 
of the fingers of the right hand is duplicated by thc.se tumors. Mason 
and Woolston-*- in their review of 144 cases found the flexor suriace.'- 
of the fingers of the right hand most frequently affected, sixty-four oi 
sevent}--four tumors occurring on the flexor surfaces. On the louei 
extremities there is a similar coincidence in htcation. the xanthic giant 
cell tumors here occurring about the malleoli at the ankle aiul along 
the toes at the site of sesamoid bones. In the cases reported in the litera- 
ture in which these xanthic tendon sheath tumors do not occupy the 
site of sesamoid bones, the microscopic rejHirts shr>w that they do not 
have the tvpical giant cell structures^' and that they belong more 
properly to the fibrohemangiomas. fibromas or ganglit»n class, a point of 

T.^ble 14. — Location of Sesamoid Bones in Man 


In the Upper Kxtremity 
I'.exor snrt.ice ot the hand 

Metacarpophalangeal j oint— thnmh 
Metacarpophalangeal joint— index finger 
Metacarpophalangeal joint— little finger 
Metacarpophalangeal joint— middle finger 
Metacarpophalangeal joint— ring finger 
Interphalangeal joint— thumb 
Interphalangeal joint— Index finger 


In the I.oncr Kxtrcinity 

Plantar u-pett of the foot 

lletntarfophalangeal joint— great toe 
Slftatar-ophalancoal joint — icoinl toe 
ilotatarsophalangeal joint— little toe 
Metatarsophalangeal joint— tliird toe 
Metatarsophalangeal joint- fourth io<’ 
Interphalangeal joint— great toe 
Interphalangeal joint— rarely 'egond toe 


Other Locations 

.\nn: Biceps brachii at radial tuberosity 

Leg: Patella in quadriceps, peroneus longus at cuboid: tibialis anticus at first cuneiform: 
tibialis posticus at talus; head of gastrocnemius at lateral condyle of femur: p'oa- 
at pubis; gluteus maximus at greater troelianter: ankle tontlon? at both malleoli 


View confirmed by our studies of more than 300 cases of this variety in 
the surgical pathologic laborator}-. 

The most convincing evidence that the sesamoid bones are the source 
ot origin for these growths, however, is presented by the histologv of 
the tumors themselves, for some vestige of the original structure of the 
sesamoid hones is usually visible under the microscope. 

Special study on this point reveals the fact that the pink-staining 
network of tissue observed in the sections is the remains of white fibro- 
cartilage from which tissue the sesamoid bones are known to he derived. 
The presence of this stroma containing cartilage cells confirms the origin 
ot these tumors from the sesamoid bones. In several cases the calcifica- 
tion of this cartilage and transformation to bone were observed in the 
-sections (fig. 53). 


Ro'vland on “Xantlio- 

sVull lHju ?dXTbed bO - the 

cclU ob"l. r , ' . ■" ‘he dura, and the few giant 

Prim-rv in t? P hone, and are secondary to. rather than 

'>■«, .!» o.„"f„TDrR‘T'L°' 

courtesy ot Dr. Rowland do not show giant cell tumor. 




I'ig. 52 (after Pru/ncr; Morpliol. Arb. 1:517, 1S92). — Anatomic preparations 
showing sesamoid Iiones in most of the localities in which thej’ occur on the hand 
and foot and at tlic knee and elbow. Sesamoid bones occurring about the ankle 
are not shown in tliis illustration. 



Fig. 53 (no. 31888).— Tumor of the sesamoid bone on the great toe. Bone 
derived from cartilage surrounded b 3 ^ giant cells is shown in the high powered 
photomicrograph. This tumor of the xanthoma group became infected and showed 
a healing reaction similar to osteitis fibrosa. 
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The peculiar yellow color ot these tumors that has attracted so much 
attention differs from the deeper russet color of the giant cell tumor ot 
the long bones because of changes in the blood pigment associated wit i 
age. These xanthic tumors have a much longer duration of .symiitoms 
(fiftr- months average duration as compared with fourteen months for 
giant cell tumors of the long hones), and their limited size is due to the 
small size of the hones affected and the resistance of the fibrous encap- 
sulation. derived from the tendon sheaths. A<ljacent honc.s are eroded 
on the side opposite the tendon sheaths, however, as is frequently 
recorded in the operative notes from many different clinics. In these 
small bones, compact bone, which promotes ultimate healing, is wanting, 
and a slow protracted course is the result. 

From the foregoing it is seen that giant cell tumors of the tendon 
sheaths, which have long been erroneously classed under the heading of 
xanthoma are in reality tumors of the sesamoid bones, rather than of 
soft part structures. These sesamoid bones which are derived from 
fibrocartilage when affected by giant cell tumor emphasize again the 
relation of osteoclastic proliferation in bone newly fonned from car- 
tilage to the giant cell tumor. 


The Xaiithoiua Variant of the Giant Ceil Tumor of Bone . — 
Xanthoma or foam cells appear occasionally in giant cell tumors of the 
long bones. In the series of giant cell tumors (exclusive of those of 
the tendon sheaths) reviewed in this paper, these characteristic foam 
cells were found in only nine cases (fig. 54 A). These cells never pre- 
dominated the picture and were relatively scarce, the tumor in the gross 
resembling die ordinarv- giant cell tumor. .Although a case of xantho- 
sarcoma of bone as described by Ewing ' has never been observed in 
our series, we have noted foam cells in two cases of osteogenic 
-'■arcoma (fig. 54 By Both of these cases have been reported in the 
iteramre. one by Goforth and the other bi' Stone and Ewing,"^ -with 
die diagnosis of malignancy in giant cell tumor. Xo note was made on 
t le p^e^e^ce of the foam cells bv these authors, but we observed them in 
a resuidy of the sections. 

review of the nine cases of giant cell tumor with foam cells brings 
out nothing of significance other than the fact that tire bone shell is 
I'enorated m these instances. The histologr- resembles that of tire 
^IPical giant cell tumor without xanthoma cells, and clinically there are 
m iiUKiue features. The presence of two recurrent giant cell tumors 
'_^^^J^o-called metastatic giant cell tumors in this series of xanthoma 


lt)26. -T L.: Giant Cell Tumor of Bone. Arch. Surg. 13:846 (Dec.) 

Alteration in tlie Natural His- 
I cell Tumor ot Bone. .-\rch. Surg. 7:280 (Sept.) 1923. 
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variants is to hv associated willi the perforation of the bone shell by 
such lesions and not with an increased mali,4nancy. 'J'hc xantlioina ceils 
.lie the lesnlts of the inclusion ol li|)oi(Is from the soft ])arts about the 
tendons where the tumor is inliltratiiift. and obviously it is the extent of 
l)ie flestrnclioj? of the bony site}} of {he tiunoi' and not the chance 
])reseuce of foam cells that has clinical sittnilicance/’'" 

(iiaiit Cell 7 iiniors of the Soft Parts. — ]3ccausc of their relation to 
the sesamoid bones a brief note is included here on so-called giant cell 
tumors of the soft ])arts. 1 he records of only three such cases are 
available to us at this time. Two of these cases are from the surmcal 

o 

pathologic laboratory, and one is from tiie literature. Jn all of these 
cases we were able by location to relate the tumors to ])receding bone. 



Fig. 54 (nos. 38238 and 40766).— Photoinicrograplis showing A. xanthoma celts 
in a typical giant cell tumor in the lower end of the radius, and B, xanthoma cells 
111 an osteogenic sarcoma in the upper end of the tibia. The bony shell about the 
tumor was perforated in both cases. 

The condition in the first case was diagnosed clinically as a recurrent 
mixed tumor of the parotid gland (fig. 55). The patient was a white 
woman, aged 23. with a tumor near the left ear of three years’ duration. 
An incomplete removal of the growth had been performed eighteen 
months previously, and at the second operation a tumor the size of a 

Sla. The connection between the foam cells in these tumors and the lipoids 
derived from the tendons has been confirmed by a study recently called to our 
attention and published by Kusnetzowski (Virchows Arch, f. path, Anat. 263:205, 
1927). 
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hens egg .'as tound 

diagnosis at that time u-asxanthouc showed it to be a 

this case in this lahoratop; ^\^^-Xrom the lower portion of 

giant cell tumor of the styloid ‘ ^.^rtilamnous ossification, and 

the hone which has a separate cen [ ^ Ji Thus the giant cell 

to which the stylomandibular ligament is attache . 



Fig. 55 (no. 35631).— Photomicrograph of a so-called xanthomatous tumor of 
the parotid gland. This tumor proved to be a giant cell tumor with foam cells 
arising from the styloid process of the temporal bone. 


tumor tissue was related to cartilaginous bone and tire foam cells in the 
tumor associated with a ligamentous structure. 

dhe other two cases are related by location to sesamoid bones. One 
01 these was described by ^ilallory,-® who observed. “Foreign body giant 
cells are sometimes produced in such large numbers in reparative lesions 
not connected with hone that they may suggest a so-called giant cell 
^rcoma. An illustration of such an appearance is given for comparison, 
flic giant cells followed some destructive lesion of the fat tissue over 
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the piihc.s (j)lnlc 28, lit^tire 4).” This most extraordinary^ location 
coincides with the site of a sesamoid hone in the tendon of the psoas 
nmscle where it /glides over the pnhic hone. Unfortunately, the nnnsiial 
site of the lesion did not excite the curiosity of the author. 

1 he last case is similar to this one of Mallory's in that it occurred 
in the head of the Jtastrocncmius muscle at the site of a sesamoid bone. 
Under the microscope the remains of the sesamoid hone were clearly 
visible, although the tumor had been diagnosed five years previously 
as a probable sarcoma of the .soft parts. 

While we have observed giant cells about bone displacing calcified 
necrotic tissvic in tumors of the soft parts, as in the breast, we have never 
found ty'pical giant ceil tumor in such a locality, and we doubt that this 
tumor ever occurs under such conditions. 

suaimKrosTKAL giant cell tu.mors 

Beside the giant cell tumors of the skull, of the aveolar borders and 
those of the sesamoid hones, another group of lesions assume a location 
significant for the interj)retation of the pathologic nature of giant cell 
tumor. This group is the subperiosteal giant cell tumor which occurs in 
the shaft of the long bones and which presents certain unusual features 
that bear directly on the etiology of the lesions that we have been con- 
sidering. 

The subperiosteal giant cell tumor comprises a group of extremely 
modern recognition. Although periosteal giant cell tumors are described 
in older case reports, such cases on careful analysis prove to be ty^pical 
giant cell tumors that have perforated their bony shell and grown extra- 
cortically with a fibrous reaction overling them. The major portion 
of such tumors lies within the bone. What is here described as a sub- 
periosteal giant cell tumor is a lesion beneath the periosteum that does 
not invade the bone to any significant extent. Only four such cases are 
in this collection, and lesions described of a similar nature are rarely 
reported in the literature. There is one excellent report by Cone who 
described it as an ossifying hematoma. In this contribution the author 
who has long devoted himself exclusively to the study of pathologic 
changes in bone had the perspicacity to observe that “osteitis fibrosa, 
hemorrhagic osteomy'^elitis and giant cell tumor of bone have their repre- 
sentations in the microscopic pathology of this ossifying hematoma.” 

The data for the four cases comprising this series are summarized in 
table 15. In addition to the unique location of the lesions beneath the 
periosteum of the shaft the striking features brought out are ; ( 1 ) the 
short duration of the symptoms (from two to eight weeks) ; (2) that 
trauma was the usual initial symptom and (3) that all cases have been 
recorded since January, 1926. 


52. Cone, S. : Ossifying Hematoma, J. Bone & Joint Surg. 10:474, 1928. 
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Mently tl,e diagnosis of Uala. fn 

on an early roentgen exaniination ,.„li, 

the roentgenogram the periosteum ^ - hcniatonin (lig. ?«'>)• 

or no shadow winch resembles a su pen ‘ ^ clescrihcd 1)}' 

,„e operation an eretrenrely tint. “Pf ' ° ” i,,oi,o,l a cvstic 

nrost operators as a bine donre Z cavitv’ and 

cavitr containing blood is tmind. is 
Etaaimed tinder the microscope sliorvs a striic 1 

areas intenningled rvith osteitis fibrosa. In every case lie 
tainty tvliether the condition should he termed a cyst or a „ianl 

The e.vplamtion of these lesions is illitnniiatiiig. their short duration, 
their clear relation to trauma and their appearance under tire '1 

yielding valuable information in regard to the sequence of the patholo„ic 

Table 15 - — Subl'crioslcal Osicoclaslasia * ^ 


Haw, Sex. 
Hath. Xo. .rge 

Site 

3TH2 

W. 11. IT 

remur cortical 

:S37’ 

W. F. 21 

Ulna sobperiosteal 

2?i'3 

W.F. 5S 

Hiimerus sutp^riosteal... 


TT. F. 1C 

Humerus cortical 


Duration 

Treatment 

Microscopic 

G weeks 

CuretteJ 

Giant cell areas, 
osteitis fibrosa 

S weeks 

Excision 

Giant cell areas, 
osteitis fibrosa 

2 weeks 

Curetted 

Giant cell areas, 
osteitis fibrosa 

S weeks 

E.veision 

Giant cell areas. 

osteitis fibrosa 


' All lesions irere observed since Jannary, 1926- 

events. In these cases it is clear that trauma and hemorrhage followed 
hy separation of the periosteum (with a subperiosteal osteogenic lay er 
01 tissue) are the initial pathologic events. In the cortex beneath, a dis- 
turbance in tlie periosteal blood supply must occur, and in the periosteum 
above, some sort of healing reaction is sooner or later stimulated. The 
result is the mixture of giant cell areas and osteitis hbrosa which are 
seen under the microscope. That both factors are concerned in healing 
in this region is exemplified bv callus formation and its resorption 
which forms commonly after most fractures. It is well known that an 
exuberant callus laid down by the periosteum will be eventually 
resorbed by osteoclastic activity. In the group of lesions under discussion 
the osteoclastasia that arises as a result of injury is rapidly regres- 
fwe. The healing power of the underlying cortical bone and the over- 
i.''ng periosteum is evidently sufficient to heal over any abnormal activity 
nt the osteoclasts. For this reason the duration of symptoms is short, 
sntl unless the patient comes under observation soon after injury and a 
roentgen examination is made, the lesions regress unrecognized, and 
dihappear entirely or in unusual cases persist as a healed exostosis. 
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Oiir iiUcrc.st in tlichc Ic.sions is in the relation of hemorrhage follow- 
ing Iraiinia to oslcoclastasia. Jfviclently hemorrhage and a disturbance 
of the normal blood .snppk of hone act as a stimulus to the prolifera- 
tion of osteoclasts and may in some cases lead to an abnormal osteo- 
clastasia. or giant cell tumor. 'J'his conclusion means that in the study 
of the blood sup])ly of the region of the epiphysis and in the factors that 
iiKU- disturb its normal functioning is to be found an explanation of the 
origin of the giant cell tumor. Some imbalance must arise in the rela- 



Fig. S6 (no. 38372).— Anterior and lateral x-ray views of subperiosteal osteo- 
clastasia occurring in the shaft of the ulna. The lesion is eight weeks old. 

tionship between the proliferation of osteoclasts and the leaction of 
fibro-ostosis, for apparently it is these two processes that participate in 
the healing of bone after injury and hemorrhage. 

ETIOLOGY OF GIANT CELL TUMOR 
It is much easier to discuss the etiology of tumor in teiins of 
so-called etiologic factors than it is to point out the initial event and a 
subsequent unbroken chain of histologic consequences. For this reason, 
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the literature abounds u-ith references to the etiologic factors of trauma 
and hemorrhage in the production of giant cel! tumor and hone cysts. 
Konjetzny.^'' Lubarsch and Pommer are among those of the German 
school that have attempted to trace the bone cysts to medullary hemor- 
rhage following trauma. We are in accord with these authors in placing 
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Inmm.'i in a primary po.silitm in Ihe prorliiclion of (hc.se lesions. An 
attempt will he made, liowever, on the p'roiinds of the einhryologic 
oh.servation.s pointed out earlier, to .show jn.st how trauma acts hi.s- 
tologically in profhicing the bone cyst and the giant cell tumor. 

Relation of Osleoclastaxia to the hilerniplion of the Periosteal Blood 
Supply. In the emhr^’o, permanent compact hone is laid down hy the 
perichondrium or .suhperiosteally, and, as we have seen, this cortical hone 
is a stronghold for the healing reaction of tihro-ostosis after injury. For 
nourishment, this hone is partially <Iei)endent on the periosteal blood 
supply. In 3 'oung adults, this subperiosteal region is an c.xtremely 
vascular and active tissue, and new hone formation ])roceeds here more 
raj)idly than el.scwherc. (Jn (he other hand, the most primitive cancel- 
lous hone in the medulla which undergoes reconstruction even in young 
adiths l)y osteoclastic activity to form the medullary cavity is nourished 
by vessels in the medulla, the origin of which is from the nutrient artery. 
This cancellous hone of the epiphysis is supplied from vessels which 
anastomose around the joint, the diaplp'.seal, the inctaphy.scal and the 
epiphyseal, hut as pointed out by ]\)land and .shown in injected speci- 
mens (fig. 58) by Le.xer,'’'’ the.se ve.s.sels concerned with the major 
I)orlion of the nutrition of both ejnphysis and metaphysis pursue a 
periosteal and tran.scortical route. 

'J'he significance of (his vascular arrangement in the origin of 
osteoclaslasia has been implied in the discussion of subperiosteal giant 
cell tumor following trauma, ddie evidence in that grouj) of lesions 
points to the fact that a vascular disturbance following trauma is a 
primary factor in the etiology of giant cell tumor. 

A unique observation in regard to the site of early lesions of progres- 
sive ostcoclastasia must now be recalled. Early giant cell tumors in the 


epiphysis (with a short history of trauma from two to si.x months pre- 
viously) practically always assume an a.symmetrical and subcortical 
location. In other words the giant cell tumor, and also the early bone 
cyst arise at a point just beneath the traumatized area of the cortex. 
This was pointed out in the study of the x-ray ])icturcs and the gross 
.specimens of these lesions and is again illustrated in the case shown in 
figure 59. Mere the lesion is near the .surface of the bone in one of the 
condyles of the femur. There was a definite history of trauma only 
two months j^reviously as compared to the average duration of S 3 auj)toms 
of fourteen months in giant cell tumor. The import of this subcortical 
location of the initial cpiphj'.seal lesion has apparently been over- 
looked heretofore because the giant cell turnnr daring a later singe 
enlarges centrally at the c.xpensc of cancellous bone rather than out- 


Lexer, E.: Die Kn.slelitiiip entziiiulliciier Knoclienlierde, Arch. f. Win, 
Chir. 71:1, 190.1 
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etiolog^•'of tills tumor. The site of the early lesion m relation to traunu 
su^ges'ts the cause of the imbalance in bone formation and bone dost c- 
tion already referred to and demonstrates the sequence of events leadm.. 
to progressive osteoclastasia. 



58 (after Lexer: Arch. f. klin. Chir. 71:1, 1903). — Injected specimens 
s lowing tile epiphj'seal blood supply in the long bones. The femur and tibia are 

fcpresented. 


Because of the prominence of the club-shaped epiphyseal region the 
wtical or outward edge receives the brunt of the trauma in this locality. 

I's trauma acts mainly on tlie cortex in relation to its periosteum, 
■pulsing tlie latter and interrupting the blood supply of the cortical bone. 
• omial vascular channels are thus supplanted by a subperiosteal hema- 
oma. The effect of this interruption of the periosteal blood supply is 
0 render inactive the cortical bone on this side of the epiphyseal end. 
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and the normal licaling powers of this portion of the hone arc suspended. 
Tlie mednllaiy circulation in the region of the ej)iphy.sis must take up 
an increased activity and hy establishing new channels it works its way 
around the injured area to undertake the work of rc])air. 

J his increased function of the medullary blood suppl}' during the 
intcrru])tion of the jieriosteal circulation can take place onl}' after 
osteoclasts have opened up the channels in bone for the budding capil- 
laries (for this w'c have seen is the normal order in histogenesis). 



Fig. 59 (no. 20115).— Giant cell tumor of two months’ duration in tlie epiphysis 
of the femur. Attention is directed to the subcortical location of the lesion and 
the staining of the surrounding tissue by old blood. The specimen illustrates the 
typical site of origin of the giant cell tumor. 

But this increased osteoclastic activity in an area in which they are 
already unusually active in the role of new bone construction, occuis 
just at that time when unnourished cortical bone is undergoing necrosis. 
An imbalance is thus created between bone destruction osteoclasts and 
new bone formation that would normally proceed from- the reactive 
cortex were its circulation intact. The defensive reaction of cortical 
bone, therefore, is suspended while bone destruction by osteoclasts is 
at its heighth. This imbalance results in an unchecked hypeiplasia of 
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the osteoclasts and produces a tissue characteristic ot giant cell tumor 
and the early phase of osteitis fibrosa or bone cysts. - , • , 

In the metaphysis, tire reactive cortical bone which is thick anti 
vascular, is apparently capable after a time of overtaking the osteoclasts. 
In the epiphysis, however, bone destruction seems to proceed at a faster 
rate than the tlrin cortical bone in this region can overtake. The result 
is an arrested lesion or bone cyst in the metajrhysis. and a ]rrogressivc or 
unchecked lesion in the epiphysis which is known as the giant cell tnmnr. 
Even in the epiphysis, however, the balance can be restored it surgical 
inten-ention occurs before the bone shell is too extensively destroyed. 
If the osteoclastic tissue is removed by the curet and cautery ( and we 
suggest bv aiding nature to collapse the bone cavity remaining), the 
giant cell tumor will also go on to ultimate healing. 

Thus, histologically, trauma is related to the bone cysts and the giant 
cell tumor, not as an indefinite etiologic factor but as an initial event in 
disrupting the cortical blood supply which produces an imbalance 
between osteoclastic proliferation in the medulla and reactive compact 
bone in the cortex. In the etiolog}' of these lesions individual variations 
in collateral circulation as well as the extent of the injury are important 
factors. That additional metabolic factors may enter into the produc- 
tion of this unbalance is shown by the analysis of multiple giant cell 


tumor and bone cysts presented in this paper, and the studies by 
Milder on the serum calcium and phosphorus in these condi- 
tions, It is apparent, however, from the studies recorded here that 
the age of the patient, the site of the injury, the rate and extent of 
cartilaginous ossification at the end of the bone and the nature of the 


blood supply in the affected regions are the predominant factors in 
the pathologic process of bone cysts and giant cell tumors. 

Mhen all of these factors are considered, it is apparent why both 
bone cysts and giant cell tumors are rare in comparison to the frequenev 
ot trauma. It must be emphasized tliat to have the lesions clinicallv, 
mi imbalance in two normal repair processes is necessary — an unusual 
increase of osteoclastic proliferation and a diminution or suspension of 
lien bone formation in an injured cortex. These two processes are 
nwais active after injury-. Both fibro-ostosis (osteitis fibrosa tissue) 
mid osteoclastic proliferation (giant cell tumor tissue) are to be seen 
bl'n^ fractures (fig. 60 ) and in the healing of a subperiosteal 

destructive phase of giant 
ascendency for a significant period do the 
a entities of grant cell tumor or osteitis fibrosa arise. 

in distribution of giant cell tumors and bone evsts 

xr JZTs fT" the 

preat trS, ! ' ^ near the 

anter and in the humerus near the greater tuberosity. These 
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are ])oints of trauma at tlic hip and at the shoulder. Bone cysts, rather 
than giant cell tumors foim at these sites because the epiphysis in the 
head of the femur and tlic head of the humerus are shielded from trauma 
and enclosed in the sheltered acctahulum and glenoid cavities. Trauma, 
therefore, reaches the shaft .side of the epiphysis and a more resistant 



Fig. 60 (general pathology, no 58) — healing fracture in a rib of a normal 
dog Seven giant cells to the low power field are busy reforming the me u ary 
cavity after callus formation This illustrates the phase of osteoclastic prolifera- 


tion in the normal healing process. 

and better developed cortex of compact bone arrests these lesions after 
a time. On the other hand, in the lower end of the femur, the upper end 
of the tibia and the lower end of the radius, the epiphysis is exposed and 
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frequent trauma in these localities accounts for the prevalence ol giant 
ceil tamors at these points. In the upper end of the tibia, both the 
epiphvsis and metaphysis at the tuberosity of tlie tibia are exposed to 
injur}', and in this location both giant cell tumor and bone cy.sts occur. 
That these regions should be peculiarly susceptible to the trauma recci^ cd 
is due to the active state of the bone-forming process in these localities. 
For. as Poland has pointed out. “in the tibia and humerus the iqiper 
ends, in the femur and bones of the forearm, the lower ends, are in 
tliis respect (bone growth) the most active. ’ 

That it is locality alone that accounts for the difference between bone 
cysts and giant cell tumor can now be more clearly demonstrated. It has 
been pointed out earlier that the polycystic osteitis fibrosa is an earlier 
form of bone cyst. The short duration of symptoms, the vascularity and 
the giant cell areas confirm this. More important still the subcortical 
location of these lesions demonstrates that they have an identical mode 
of origin with the giant cell tumor. The infiltration of the giant cell 
areas by fibro-ostosis shows from the outset that they are destined -to 
be arrested by a restoration of the balance between fibro-ostosis and 
osteoclastic proliferation. 

It is also clear now just how pathologic fracture helps to heal a bone 
cyst. Xot only does such an injury sen-e to collapse the rigid walls 
of the cavity, but in the area of shaft bone a fracture serves to reverse 
die process of circulaton- disturbance alreadv described. 


The severing of the continuity of the shaft interrupts the medullary 
circulation and stimulates the periosteal blood supply, at the same time 
cutting off the nutrition of the osteoclastic tissue which receives blood 
irom the medullary vessels. This process of circulatory changes fol- 
lowing fracture has been ably reviewed by Robinson.^® 

Einhryouic Histology uj Relation to Pathologic Changes . — Since the 
tune of Cohnheim''* in 1877, the histogenic relationship of tumor has 
cen inferred and speculated on, much data having accumulated in sup- 
port of this view. But unfortunately Cohnheim placed emphasis onlv on 
h'st ^ P^^ducts of embryology — cell rests — rather than on the 
eff processes in themselves. For this reason no painstaking 
of T embryonic histology of the bone with the pathology 

mo^ri ever been undertaken, to our knowledge. This 

hi ’rivestigation has remained practically unexplored, 

of infn knowledge concerning malignancy no possible realm 

riation can justifiably be neglected. The facts are manv. con- 


•'‘rch'. Suts"T7":42o’ ^ CiTculation in the Healing of Fractures, 

V- 022. Geschwulste, Allgemeine Pathologie, Berlin, 1877, vol. l, 
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nections few rind hazy. J licreforc, the correlation of the more funda- 
mental fact.s of hi.sto/^cne.si.s. anatomy and physiology of hone, although 
diflicnlt, is of first importance to the understanding of tumor formation 
in these structures. Perhajis at this stage of our knowledge it is even 
more to be de.sired than additional points in the clinical historj. We 
have attcmjjtcd here to bring the patholog\' into relationship with the 
more fundamental facts of histogenesis and physiology and to begin the 
larger undertaking of approaching tumors from this standpoint. 

1 he primitive transformations in skeletal tissue — the stage of car- 
tilaginous calcification, the stage of rcsorj)tion of substitution bone and 
the final stage of permanent sul)])criostcal com])act bone all have their 
corresponding pathologic significance. The function of direct bone 
formation from fibroblasts to osteoblasts to osteoid tissue, typical of the 
final stage of hone devclQ])mGnt, wc have found to be instrumental as a 
healing reaction (fihro-ostosis) in the rejiair of bone and significant for 
the understanding of osteitis fibrosa. The function of bone resorption 
by osteoclasts followed by increased A'ascularity and the creation of 
medullary spaces, while a characteristic phase in the histogenesis of bone 
plays also a fundamental role in the production of giant cell tumor. And 
in the same ^va}', the more primitive histogenic functions underlying the 
transformation and calcification of cartilage are reproduced in the 
pathologic process of osteogenic sarconia. This last carries us into 
the realm of malignancy and sarcoma. It will form the theme of a sub- 
sequent paper. 

SUMMARY 

In an analysis of over 400 cases of tumors in the giant cell group a 
pathologic relationship was established between the bone cyst, giant cell 
tumor of the long bones and skull, giant cell epulis of the alveolar 
borders and giant cell tumors of the tendon sheaths. The usual bone 
cyst occurring in the metaphyseal region of the long bones of young 
patients was shown to be a healing phase of giant cell tumor — a conclusion 
based on clinical, pathologic and anatomic observations and demonstrated 
by an analysis of numerous transitional lesions between these two 
entities. 

Giant cell tumors of the skull and long bones, epulides of the alveolar 
border, and giant cell xanthomas of the tendon sheaths were found to be 
fundamentally related to a transitional process characterizing the his- 
togenesis of permanent bone, via the indirect route of substitution bone. 
This transition process underi3dng all of these tumors, as sboivn bv 
embryologic studies, involves a proliferation of giant cell osteoclasts, the 
function of which is to initiate the canalization and vascularization of the 
preliminary calcified structure. 
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In the long bones the preliminary calcified structure, is calcified 
cartilage, and this is resorbed by a proliferation of giant cells in the 
epiphyseal region — a distortion of this proliferative proce>s leading to 
giant cell tumor. 

In the skull a similar giant cell hyperplasia characterizes certain 
cartilaginous centers of ossification, and giant cell tumors, it was demon- 
strated, occur onlv at such sites in the portions of the skull derived from 
cartilage and not in the membranous bones. 

In epulides of the alveolar border, the temporary calcified structures 
are the roots of the deciduous teeth, about which giant cell odontoclasts 
proliferate, attacking the cementum to bring about shedding of these 
deciduous structures. Here again this nonnal giant cell proliferation 
iorms the basis for giant cell tumors at these sites resulting in the epulis 
of the alveolar border. 

In the so-called xanthomas of the tendon sheaths containing giant 
cells, the initial calcified structures are the sesamoid bones derived from 
fibrocartilage, and giant cell tumors of the tendon sheaths were shown to 
arise only at the sites in which these small bones are implanted in the 
tendons. 

Evidence was advanced to show that the factor superimposed on this 
most important transitional giant cell proliferation, necessary to the pro- 
duction of giant cell tumor, was a disturbance of the vascular supply to 
these regions following trauma. But in each instance, the underlying 
normal histogenic function of giant cell proliferation was stressed as 
the essential factor, and it was pointed out that this histogenic basis 
necessitates the view that giant cell tumors are neoplastic and not inflam- 
niator} in origin. The importance of this histogenic conception for the 
anahsis of other tumors was also emphasized. 



TJ-JE RELATION OF THE ADRENAL GLAND TO THE 
TOXEMIA OF IN'i'ESTINAL OBSTRUCTION 

AN KXPKRIMENTAL STUDY =*= 

R. A. CUTTING, M.D.. Pit.D. 

NEW ORLEANS 

A rather consicicraljle volume of exj^erimental and controversial 
literature on the general subject of intestinal obstruction has appeared 
within recent )’ears and has served to focus the interest of the surgeon 
on this interesting, and often most trying, condition. Much of interest 
has apparently been demonstrated as to both patholog}' and treatment, 
considerably more has been surmised and hypothecated, and still more 
is as yet unknown. From a practical point of A’iew the alkalosis and 
deh}-dration Avhich occur, particularly in so-called “high intestinal 
obstruction,” and the diminished chloride content of the blood plasma, 
have served as valuable points of departure for therapeutic measures, 
but rather obviously the correction of such abnormalities partakes of the 
nature of symptomatic rather than curative treatment. The treatment 
for certain types of obstruction by the administi'ation of spinal anesthesia 
has been successfully used by many clinicians, especially in the European 
clinics, and is rational in that such anesthesia may be made to ascend 
sufificiently high to block the inhibitor control pathway to the intestine by 
way of the white rami communicantes and thus prevent inhibitor impulses 
from spreading to the splanchnic nerves, a procedure which amounts 
to an actual reinforcement of the motor impulses which are normall}’’ 
continually reaching the intestine through the motor, or vagus, nerve sup- 
ply; experimental^, the correctness of this line of reasoning has been 
partU, at least, substantiated b 3 ’’ the observation that splanchnic anesthesia 
does actually tend to overcome obstruction by increasing the number and 
force of ]5eristaltic contractions. However, even the restoration of 
normal motor power to the wall of the intestine apparently somewhat 
misses the mark, for a relatively tremendous number of experimental 
observations have accumulated which seem to demonstrate conclusively 
that the essential feature in obstruction is toxemia, particularly in those 
types of obstruction in which there is production of a closed loop or 
loops or in ivhich strangulation occurs. 

Since the latter types of ileus afford the most acute problem for tbe 
clinician, and since mild toxemia is almost undoubtedly a feature of the 
simplest of cases, the crux of the entire mechanism of intestinal obstriic- 

* Submitted for publication, Starch 16, 1929. 

* From the Department of Surgery, Tulane Medical School, Tulane Universip. 
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tion from the clinical point of view at least, seems to he the source, 
mode of production, action. naUire and neutralization ot the otlending 
toxin. Any extended study of the literature on this problem carries one 
through a veritable maze of observations unrelated or only parti}’ cor- 
related at present, some of which are actually contradictory and noiie oi 
which in the present state of information gives immediate promise of a 
complete solution of the problem. Such theories as have been advanced 
are only partly explanator}’ and are largely at ^•ariance one u ith another. 

In general, the only definite conclusions that appear to liave been 
reached at present are that a toxin seems to develop in the lumen and 
possibly also in the wall of loops of intestine proximal to an obstruction, 
that this toxin probably is absorbed into the blood stream, and that it is 
most probably responsible for the to.xemia. 

The presence of such a toxin has apparently been demonstrated liy a 
uun^ber of independent investigators, ^lurphy and \ iuceirt.' Murphy 
and Brooks,- and Gopher and Brooks’ used the fluid contents of the 
lumen of the intestine above an obstruction virtually unchanged, simply 
putting it through a strainer or diluting it with water ; the to.xicity of 
such a fecal infusion, when injected, would scarcely seem to afford 
grounds for surprise, in r-iew of its almost certain bacterial contamina- 
tion. Dragstedt, Dragstedt and Chase ■* went a step further in that they 
strained and partially sterilized such fluid prior to injection by heating it 
to a temperature of 70 C. for an hour, and they further purified it by 
filtering away the coagulum thus formed; sterility was preserved with 
chloroform and toluene which in turn were removed, prior to actual 
injection, by means of heat and filtration. Clairmont and Ranzi ’ accom- 
plished sterilization by a process of filtration through a Chamberland 
filter. Stone, Bemheim and M'hipple ® and Whipple. Cooke and Stearns ' 

, h ilurphy, F. T., and Vincent, Beth: An Experimental Stud\' on the Cause 
01 Death in Intestinal Obstruction, Boston M. & S. J. 165:684, 1911. 

^ - ^turphy, F. T., and Brooks, B. : Intestinal Obstruction: An Experimental 
audy of the Cause of Symptoms and Death, Arch. Int. },Ied. 15:392 (yiarch) 

me tel Brooks, B. : Intestinal Obstruction : An Experi- 

n Study of the Therapeutic Value of the Administration of Sodium Chloride 
Ann. Surg. 78:755, 1923. 

Prowrw'nfrf^’ y ^f^gstedt, L. R., and Chase, C. S.: The Antigenic 

_ . I Llosed Intestinal Loop Fluid, Am. J, Physiol. 46:366, 1918. 

Arch autbinto.xication bei ileus, 

■on. t. khn. Chir. 73:698. 1904. 

tionf A°sL^’ Whipple, G. K.: Intestinal Obstruc- 

7 To.xic Factors, Bull. Johns Hopkins Hosp. 23:159 lop 
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used tlic fluid contents either after lieatinj^ to 60 C. for several hours, 
centrifugating and liltrating it, or after a ])njccss of antolysis in the 
presence of chloroform and toluene for a iieriod of several days. Davis 
and Morgan used both the nnico.sa of the intestine and its contents and 
])re])arcd a toxin from the.se suhslanccs by admi.xture with sodium 
chloride in isotonic solution, addition of toluene and chloroform, 
antol 3 'sis at 37 C. for from two to ten d,'i\'s, heating to 60 C. for thirty 
minutes, centrifugation and final filtration. 

In addition to the foregoing methods for the preparation of to.xin, 
Nvhich arc admillcdly unsatisfactorv in that a conglomeration of sub- 
stances other than the actual toxic principle specifically sought must have 
been present in all of the products therein- obtained, two noteworthy 
attempts have been made to prepare the toxic agent in relatively pure 
form. 

J. W. Ellis ” described a method of preparing such a toxin by which 
he believed he had been able to obtain a relativel}- pure product; he 
considered this toxin directlv responsible for the clinical observations in 
cases of ileus. He described the preparation of the toxin by the follow- 
ing steps: (1) the collection of the contents and mucosa of the intestine 
in 250 cc. of hot water; (2) thorough mixing and straining of this 
material through gauze; (3) the addition of five volumes of 90 per cent 
ethyl alcohol and subsequent filtration; (4) the boiling of the filtered 
precipitate with 100 cc. of distilled water; (5) the addition of 1 Gm. 
of magnesium sulphate after boiling away all traces of the alcohol left in 
the filtered precipitate, and the continuation of the boiling for a few 
minutes ; (6) filtration, and the precipitation of the filtrate in five vol- 
umes of 90 per cent ethyl alcohol ; (7) the filtration of this material 
and the diying of it in a desiccator, and (S) the dissolving, before use, 
of this material in from 25 to 50 cc. of water and subsequent dialyzation 
of this solution against distilled water for two houi's. 

Sugito carried the process a step further, and was able to isolate 
a supposedly pure toxin not only from the mucosa and intestinal con- 
tents, but also from the blood serum of animals with intestinal obstruc- 
tion. His process of preparation of such a toxin from serum (which 
is virtually the same as he used in preparing toxin from intestinal loops) 
consists of ( 1 ) heating the latter in boiling water until coagulation takes 
place; (2) cooling and incubating at 38 C. with an aqueous solution of 
trypsin and a small amount of toluene until complete digestion of the 

8. Davis, D. M., and Morgan, H. S. : Natural Immunity of Animals Against 
Poison of Intestinal Obstruction, Bull, Johns Hopkins Hosp. 25:39, 1914. 

9. Ellis, J. W.; Cause of Death in High Intestinal Obstruction, Ann. Surg. 
75:429, 1922. 

10. Sugito, S. ; Ueber die Todenursache bei Ileus, Mitt. a. d. med. Fak. d. k. 
Univ. Kyushu., Fukuoka 9:229, 1924. 



CUTTIXG-TOXEMIA OF IXTESTIXAL OnSTRUCTlOX 275 

coaoitlum has occurred; (3) filtration, coagulation in boiling rvatcr and 
refittration: (4) addition of one and one-haH volumes of saturate<l tnag- 
nesiuni sulphate; (5) filtration through heavy filter paper; (6) solution 
of the collected precipitate in water and dialyzatiou in a collodion tube 
to remove the ammonium sulphate, (7) and reprecipitation with live 
volumes of alcohol. 

There seems to be a general agreement among all the investigators 
ivho have worked on the preparation of toxin from the intestinal con- 
tents of animals with obstruction that a substance can he jircjrarcd rcla- 
tivelv easily from such contents which is not present in the contents of 
normal intestine, which presents fairly definite physical and chemical 
properties and which, when injected, preferably intravenously, into nor- 
ma! animals, is capable of producing a clinical picture similar to the 
general clinical picture of intestinal obstruction itself, and ultimately 
death. 


The toxic principle under discussion has been shown to possess the 
following properties concerning rvhich most investigators arc in agree- 
ment; 1. It is soluble in water. 2. It is not destroyed by boiling. 3. 
It is precipitated by five volumes of alcohol and by about 60 per cent 
aninioniiim sulphate. 4. It is not destroyed by pancreatic digestion for 
several days. 5. It does not pass through a collodion membrane when 
dialyzed against distilled water. Other properties have been described, 
but mam- of them either have not been sufficiently substantiated or seem 
in the present state of knowledge to be of no special significance. The 
properties mentioned are not. of course, sufficiently definite to establish 
"ith certainly either the exact substance or even the general class of sub- 
stances to which the toxin belongs. IMost investigators incline toward 
\V1 ^ protein split-product ; Stone, Bernheim and 

ripple and A^'hipple, Rodenbaugh and Kilgore^- expressed the 
P ^ proteose ; \t'ilkie agreed with this idea ; Stone and 

^ histamine or histamine-like substance ; Ing- 
the Bauman and Smith.*® after careful analysis, came to 

e conclusion that it is a nucleoprotein. Other suggestions rvhich have 


Studv of Bernheim, E. and Whipple, G. K.: The Experimental 

P Obstruction, Ann. Surg. 59:714, 1914, 

Intoxicatior^’p^' F. H., and Kilgore, A. R.: Proteose 

14 Intestinal Obstruction, Lancet l:]i35. 19^7 

T’’ 0.; Bauman, L, and Smith, B. C - The 
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been made are that it is tryjxsin, a toxic amine, a bacterial exotoxin, an 
endocrine secretion similar to the i)aratliyroid hormone, cholin, an 
alkaloid or a jjtomaine. 

When injected, a toxin prepared according- to any of the methods 
jjreviously described produces a l3'pical picture which includes vomiting, 
tenesmus, diarrhea, dilatation of the jnipils of the e3’es, tremor, weakness 
in the hind legs, weak, rapid pulse, decreased blood pressure and, in 
fatal cases, death in a state of coma — a picture, as previously mentioned, 
that corresponds reasonabl3' closelv with the clinical picture of experi- 
mentally produced ileus. 


OUTLINK OF THE PKOHLEM 

During the course of some experiments on ileus previousl3^ reported, 
I had occasion numerous times in the last several months to emplo3'' espe- 
ciall3' the methods of Ellis and of Sugito in the preparation of toxin in 
both rabbits and dogs, and m3' results in general were strictl3’^ in accord 
with the published results of these investigators. However, I have never 
been able by chemical means to isolate from the blood serum of these ani- 
mals a toxin by the methods outlined by Sugito, which, when injected 
into normal animals, would cause their death, although I have made many 
attempts. Failure to accomplish this was first attributed to the rather 
inexplicit directions given b3' Sugito for deriving the substance, but 
after having devoted considerable time and attention to the matter and 
after trying many different variations of chemical technic, the statement 
made b3' Sugito with reference to his own work with the method that, 
in spite of the fact that he had derived his toxin from relativel3'^ large 
animals, he had been able to produce death onl3’^ in very small ones began 
to acquire considerable significance as offering a fairly obvious explana- 
tion for previous failure. Reflection on these facts gradually crystallized 
itself into two correlative propositions: (1) either so much of the toxin 
must have been lost during the process of chemical preparation that the 
amount Anally recovered was insufficient to kill animals of anywhere 
near comparable size, or (2) as the result of the action of the toxin in 
the animal with intestinal obstruction extending over some considerable 
period of time, certain organic changes of an undetermined nature must 
have so debilitated the animal that an amount of toxin sufficient either 
to kill it or at least to bring it to the agonal state was insufficient to kill 
another animal of reasonable size. 

At about the same time that attempts to prepare toxin from 
obstructed loops of intestine had been begun, routine histologic exami- 
nations of organs of a considerable number of animals d3dng from the 
effects of obstruction were studied, and this procedure seemed fairly 
definitely to demonstrate that characteristic degenerative changes usuall3^ 
occur in the adrenal glands of such animals. Of course, the general 



CUTTIXG-T0XEML4 OF IXTESTIXAL ORSTRUCTIOX 


In 


protective function of the adrenal glands has been recognised for a 
number of vears. Boinet.” in 1896 and 1897. w.a.s apparc.tly the first 
to observe that animals which had undergone double adrenalectnin> 
were more sensitive to toxic substances than normal anmials. and tins 
pioneer work has received confirmation at the hands of many more 
recent obsen-ers. Scott'® showed that the resistance of adrenalcc- 
tomized rats to morphine, killed bacteria, and histamine w as great!} 
reduced; Marine'® and Jafife showed the same for strindard t}phoid 
vaccine; Belding and M'}Tnan"® for diphtheria toxin, and Crivellari 
for potassium evanide. nicotine, acetonitrile and histamine. Lewis ■■ 
showed decreased resistance of adrenalectomized animals for cobra 
venom, curare, veratrine and morphine. 

Accordinglv, the problem of ascertaining the possilde role of the 
adrenal glands in protecting the body economy against the toxin of 
intestinal obstruction was not far to seek. 


OUTLINE OF THE EXPERIMENTS 


The experiments that I am about to detail concern themselves with this problem. 
The general method t\'as the ob\'ious one adopted by the authors mentioned latterly 
in their investigation of the protective mechanism of the adrenal glands against the 
various other toxins enumerated. A series of animals was prepared by double 
adrenalectomy. A similar series of normal ones was used as controls. Half the 
toxin derived from the intestinal contents and mucosa of an animal with artificial 
obstruction was injected into an animal in the adrenalectomized series, and the 
other half into a corresponding animal in the normal series. The animals in both 
senes were kept under observation until death or until the effect of the toxin 
had disappeared. 

(a) Selection of Aniwals . — Only two of the ordinary laboratory- animals are 
available for experiments involving sur-vival after double adrenalectomy, the rat 
and the rabbit, since these are the only common laboratory animals that survive 
the operation of double adrenalectomy for any considerable length of time. Further- 
more, since the preparation of toxin from obstructed loops of intestine involves 


1/. Boinet, E.: Diminution de resistance des rats doublement decapsules a 
action toxique de diversessubstances, Compt. rend. Soc. de biol. 49:466, 1897. 

IS. Scott. \\. J. y[.; Influence of Adrenal Glands on Resistance; Suscepti- 
U'hty of Adrenalectomized Rats to ilorphine, J. Exper. iMed. 38:543, 1923; Influ- 
ence of .-Idrenal Glands on Resistance; Toxic Effect of Killed Bacteria in Adrenal- 
vetomized Rats, ibid. 39:457, 1924; Influence of Adrenal Glands on Resistance; 
susceptibility to Histamine as Test of Adrenal Deficiency, ibid. 47:185, 1928. 

^ • -larine, D.. and Baumann, E. J.; Duration of Life After Suprarenalectomy ; 

inri Prolong it by Injection of Solution Containing Sodium Salts, Glucose 

and^Glycerol, Am. J. Physiol. 81:86, 1927. 

''‘b-man, L. C.: Role of Suprarenal Gland in Natural 
Vj J'® Diphtheric Toxin. Am. T. Phvsiol. 78:50 19^6 

Cmpt-'raJ diT' '’f 0 .“, loxiques, 

vena, de 1. Seances Soc. de Biol., Tan. 22 1921 
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(lie use of ciicinical nielliocls, it is readily apparent that the larger the amount of 
material available at tlic beginning of the process of preparation, the more likely 
does the obtaining of a suitable amonnl of the final product become. Also, it 
seemed highly desirable to use tbe same animals for the production of the toxin 
as for the reception of it by injection. For these reasons, it seemed desirable 
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Fig. 1. — Normal suprarenal cortex in the dog; low power sketch. 


to use the larger animal, that is, the rabbit. Rabbits weighing from 1 to 1.5 Kg. 
were obtained. 

(6) Technic of Obstruction and Preparation of Toxin . — Intestinal obstruction 
was produced in these animals by tying a piece of ordinary cotton tape 
tightly about the terminal part of the small bowel, under ether anesthesia, under 
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strictly aseptic conditions, and with the usual surgical technic. Animals thus 
prepared were returned to their cages and were kept until they became virtually 
moribund. It was soon found that animals thus treated survived rarely for much 
longer periods tlian forty-eight hours, and this was the time limit maintained for 
killing them preliminary to the preparation of toxin from their obstructed intc.stinal 
lumina. The animals were killed, the entire small intestine above the point of 




F>g- 2. Xormal suprarenal cortex in the dog; high power sketch. 
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of tlic rel.-itivelj' .small nmomU of malcrial, 100 cc. of water in.slcad of 250 cc. 
was used for llic iiiilial exlractiou, and correspoiidiuKly smaller amounts of (he 
various oilier in/frcdicuts diiriiiff the course of the preparatroii. 

(r) Pirjmratioii of the Doubly AdrcntiRctomizcd .SVnV.r.— Animals were pre- 
pared for the injection of this toxin by double adrenalectomy, the adrenals being 
removed by the ])ostcrior or kidney route, great care being taken to remove both 
glands intact in every case. Prior to the injection of the toxin, adrenalectomizcd 
rabbits were allowed to survive for a period of two or tlirce weeks, in order that 
they might fully recover from (he effects of the operation and that any abnormalities 
following the injection of the toxin might reasonably be interpreted as due to it 
and not to an^’ factor directly’ associated with the technic of the operation. No 
attempts were made to select rabbits with any particular care, either for the 
production of obstruction or in the case of the double adrenalectomy preparation. 



Fig. 3 . — Adrenal medulla in the dog following the production of ileus ; low 
power photomicrograph, showing blood vessel dilatation and pseudo clot formation. 

The rabbits were fairly large, weighing from 1 to l.S Kg. apiece. Some of them 
were angora, some were ordinary albino rabbits, while others were gray or 
yellow, many of them being piebald. During the course of the e.xperiment no 
particular effort was made to control the diet of the anijnals; this consisted in 
all cases of bread and lettuce and as much water as the rabbit desired, together 
with grain in the form of oats. 

Twenty-six rabbits were adrenalectomized during the course of the experiment, 
and of these only six survived the performance of the operation for a suitable 
length of time. 

DOUBLK ADRENALECTOMY 

Rabbit 1. — An albino female rabbit weighing 1.6 Kg. was operated on on 
Aug. 22, I92S. The operation was started at 2 p. m., and completed at 2:35 p. m. 
There was considerable hemorrhage. The animal reacted from the anesthetic, but 
died at 3 ; 30 p. m. of hemorrhage. 
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Rabbit 2— A piebald female rabbit weighing 1.5 Kg. was o^ratcd on on 
\u-. 22 1928. The operation was started at 3 : 05 p. m. and completed at 3 ; aO p. m. 
There was considerable hemorrhage. The animal did not react from the anesthetic, 

and died at 3:55 p. m. 

Rabbit 3.— .\n albino male rabbit weighing l.I Kg. was operated on on .-\iig. 22 
1928. The operation was started at 4:22 p. m. and completed at 4:40 p.^in.. and 
the rabbit was returned to his cage in apparently good condition. At 6; aO p. in., 
however, it was found dead. Autopsy showed the cause of death to be hemorrhage. 

Rabbit 4. — ^A piebald male rabbit weighing 1.4 Kg. was operated on on 
.4ug. 22, 1928. The operation was started at 4:55 p. m., and the animal was 
returned to his cage at 5:34 p. m. It reacted from the anesthetic, but died at 
6:20 p. m. Autopsy failed to reveal the cause of death (insufiiciency.'). 

Rabbit 5. — ^.An albino female rabbit weighing 1.2 Kg. was operated on on 
-Aug. 24, 1928. The operation was commenced at 2:13 p. m.. completed at 
2:52 p. ni., and the animal was returned to its cage apparently in good condition. 
It reacted from the anesthetic, walked about the cage, and survived for tlic 
remainder of the afternoon, hut was found dead the following morning. .Autopsy 
failed to reveal the cause of death (insufficiency?). 


Rabbit 6. — -An albino female rabbit weighing 1.2 Kg. was operated on on 
.Aug. 24, 1928, The operation was commenced at 4 : 22 p. m. The adrenals 
were fragmented during the course of the operation, and there was considerable 
hemorrhage. The operation was completed, and the animal was returned to its 
cage about 4 : 52 p. m. It was found dead at 5:28 p. m. Autopsy revealed the 
probable cause of death as hemorrhage. 

Rabbit 7. — .An albino female rabbit weighing 1.4 Kg. ivas operated on on 
Aug. 24, 1928. The operation was begun at 5 : 01 p. m. The adrenals ivere 
fragmented during the process of remoial and considerable hemorrhage was 
encountered. The animal was returned to its cage at 5 : 38 p. m. apparently in 
a monbund condition; it survived onli- a few minutes. Autopsy rei'ealed the 
probable cause of death as hemorrhage. 


^ Rabbit 8. — ^.An albino female rabbit weighing 1.4 Kg. was operated on on 
-cpt. 17, 1928. The operation was begun at 2:52 p. m. The adrenals were both 
removed intact without hemorrhage. The operation was completed, and the 
rabbit ivas returned to its cage at 3 : 21 p. m. apparently in good condition. It 
survived throughout the afternoon, but was found dead the following morning. 
• "topsA iailed to reveal the cause of death (insufficiency?). 


£. 10.— A piebald female rabbit weighing 1.1 Kg. was operated on on 

operation was commenced at 3:34 p. m. The adrenals were 
Kmov Intact and without much hemorrhage. The rabbit was returned to its 

ivas th fi ^ condition. It survived the operation and 

c rst animal successfully doubly adrenalectomized and used in the series. 

on OT angora albino female rabbit weighing 1.6 Kg. was operated 

were r"/- . n operation was commenced at 4: 15 p. m. The adrenals 

rkted without much hemorrhage. The operation was com- 

•’••'S 'u m if J'eturned to its cage in apparently good condition at 

Autopsf bii f afternoon, but was found dead the following morning. 

- tailed to reveal the cause of death (insufficiency?). 

weighing 1.3 Kg. was operated 

^'■•’iiovcd readih- la u begun at 1 p. m. The adrenals were 

. and with relatively little hemorrhage. The operation was com- 
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plctcd, aiul tile animal was removed to its cage at 1 ; 28 p. m. It survived the 
afternoon and the following morning until 1 1 ; 30 a. m., at which time death 
occurred. Autopsy revealed no apparent cati.se for death (insufTiciency?). 

RjMiiut 13. — A white female rabbit weighing 1.3 Kg. was operated on on 
Sept. 18, 1928. The operation was begun at 1:11 p. m. The adrenals were 
removed intact with little hemorrhage. The operation was completed, and the 
animal was removed to its cage at 1 ; 29 p. m. in apparently good condition. It 
survived and was the second animal used in the experimental series. 

Rabbit 14. — A white female rabbit weighing 1.5 Kg. was operated on on 
Sept. 18, 1928. The operation was started at 1:55 p. m. The adrenals were 
removed with some difficnll}’; the left gland was fragmented during removal, and 
considerable hemorrhage was encountered. The operation was completed, and the 



Fig. 4. — Normal adrenal medulla in the dog; high power photomicrograph. 


rabbit was removed to its cage at 2 : 32 p. m. It survived the afternoon, but was 
found dead the following morning; autopsy showed the cause of death as 
hemorrhage. 

Rabbit 15. — A brown female rabbit weighing 1.1 Kg. was operated on on 
Sept. 18, 1928. The operation was commenced at 2 ; 50 p. m. Adrenalectomy was 
performed with little difficulty and with virtually no hemorrhage. The animal was 
returned to its cage at 3 : 12 p. m. in apparently good condition. Death occurred 
at 5:30 p. m. ; at autopsy, no cause for death could be discovered (insufficiency?). 

Rabbit 16 . — A piebald female rabbit weighing 1 Kg. was operated on on 
Sept. 18, 1928. The operation was begun at 3 : 35 p. m. The adrenals were 
removed easily and with little hemorrhage. The animal was returned to its cage 
at 4 p. m. in apparently good condition. It survived the afternoon, but was 
found dead the following morning ; autopsj' failed to reveal the cause of deat i 
(insufficiency?). 
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Rabbit 17.— A piebald male rabbit weighing 1.4 Kg. was operated on on 
Sept. 19. 1928. The operation was begun at 1:28 p. ni. .-ydrcnnlcctomy was 
performed with facilitv and without much hemorrhage- The animal was returned 
to its cage. It surr-ived and was the third animal used in the experimental scries. 

Rabbit IS.— -A. white angora male rabbit weighing 1.2 Kg. was operated on on 
Sept. 19, 1928. The operation was commenced at 2; 11 p. m. The adrenals were 
removed with some difficulty, both being fragmented and considerable hemorrhage 
being encountered. The operation was completed and the animal removed to its 
cage at 2:41 p. m. in relatively poor condition. It died at 4 p. m.; autopsy 
revealed the probable cause of death as hemorrhage. 

Rabbit 19. — white female rabbit weighing 1.5 Kg. was oiierated on on 
Sept. 19, 1928. The operation was begun at 2:45 P- m. .Adrcnnlectoniy was 
unusually easy and relatively little hemorrhage was encountered. The operation 
uas completed, and the animal was removed to its cage at 3 p. m. in excellent 
condition. It survived the night, but died at 10 a, m. the following morning. 
-Autopsy failed to reveal the cause of death (insufficiency.'). 

Rabbit 20 . — A piebald male rabbit weighing 1,3 Kg. was operated on on 
Sept. 19, 1928. The operation was begun at 3 : 05 P- m. The adrenals were 
removed intact without difficulty and without hemorrhage. T he operation was 
completed, and the animal was removed to its cage at 3:20 p. m. It survived 
the operation and was the fourth animal used in the experimental series. 

Rvbbit 21. — A white female rabbit weighing 1 Kg. was operated on on 
Sept 21, 1928. The operation was commenced at 2 p. m. The adrenals were 
removed with some difficulty but without much hemorrhage. The operation was 
completed at 2 : 35 p. m., and the animal was retunied to its cage in fair condition. 
It died at 7 p. m. ; autopsy revealed no apparent cause for death (insufficiency:). 


Rabbit 22. — white male rabbit weighing 1.5 Kg- was operated on on Sept. 21, 
1928. The operation was begun at 2:51 p. m. The adrenals were removed 
miact with slight hemorrhage. The operation was completed, and the animal 
was removed to its cage at 3 : 15 p. m. in good couditiou. It survived and was 
the fifth animal used in die experimental series. 

IUbbit 23. — A piebald female rabbit weighing 1.1 Kg. was operated on on 
^cpt. 21, 1928. Xhe operation was begun at 3 : 30 p. m. The adrenals were 
remoi^ fairly easily but some hemorrhage resulted. The operation was completed 
but^ ^ animal was removed to its cage. It survived the afternoon. 

^ 'vas found dead the following morning; autopsv failed to reveal the cause of 
Qaffi (insufficiency?). 

(, 24. A white angora female rabbit weighing 1 Kg. was operated on on 

nith " ' operation was begun at 4: 11 p. m. The adrenals were removed 

”31 some difficulty and slight hemorrhage. The operation was completed at 
at i ^ ™ animal was removed to its cage in fair condition. It died 

P- m. apparently of shock; autopsy failed to reveal the cause of death. 

female rabbit weighing 1.2 Kg. was operated on on 
difficuh ’ a'n operation was begun at 4:45 p. m. Adrenalectomy was 

^'perat' glands fragmented; there was considerable hemorrhage. The 

s'JrriveT <^ompleted, and the animal was removed to its cage at 5 : 10 p. m. It 

P’-ilcd In ® I>ot was found dead the following morning. Autopsv 

^ leal the cause of death (insufficiency?). 

brown male rabbit weighing 1.4 Kg. was operated on on 
-• the operation was commenced at 2:25 p. m. Adrenalectomv was 
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accoiiiphslicc! fairly easily, and not imicli licinorrliaRc was cncoiiiitcrcd. The opera- 
tion was coini)leted at 2:40 p. in., and the animal was removed to its cage. It 
siu vived and was the sixth animal used in the ex])crimental scries. 

Tin: onsiRUCTioN and injection sr.uins: Tin: rxpeiument 

PKOIT.R 

I. Radiiit 27. — A while female rabbit weighing 1.2 Kg. was used. 

Obstruction was iirodnccd on Oct. 7, 1928, at 1 : IS p. m. The animal was killed 
on Oct. 9, at 2 p. m., at which time it appeared ill. In the evening, the entire 
small intestine was removed and from the mucosa and the contents a toxin was 
prcjiarcd, according to the method of Ellis. 



Fig. 5 — Adrenal medulla in the dog following the production of ileus; high 
power photomicrograph, showing pyknosis of nuclei and plasma cell infiltration. 

Rabbit 33. — A brown female rabbit weighing 1.1 Kg. was used. The animal 
was healthy and normal. 

Rabbit 10. — Adrenalectomy was performed on Sept. 17, 1928. 

The to.xin derived from rabbit 27 was divided into two equal parts (in this 
case 2.7 cc.) ; one part was injected into the normal rabbit 33, and the other into 
the adrenalcctomized rabbit 10, at 3:15 p. m. 

3:15 to 3:30 p. m. : Neither rabbit c.xhibited any particular symptoms except 
that both appeared disinclined to move about, and at the end of this period the 
healthy rabbit was found to have defecated several round, hard pellets. 

3 : 30 to 4 p. m. : Both rabbits “drooped” considerably. The pupils of both 
were widely dilated, and the normal animal passed considerable quantities of fecal 
material which first was formed, though soft, but later became mucoid and watery; 
toward the last, tenesmus was prominent in this animal. The adrenalcctomized 
animal did not defecate nor e.xhibit tenesmus; it appeared to have been much 
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less affected by the injection than the normal and was generally brighter 

and more attentive to its surroundings. _ , • ,.,1 

4 to 4-30 p m.; Durins; the early part of tins period the normal animal 

looked as it it were about to succumb; it lay on its abdomen with legs stretched 
out before and behind, continued to purge at intervals, was quite apathetic to its 
surroundings, and was unable to stand or sit: tremors were noticed in the hind 
limbs but tliese did not persist. By the end of the period, however, it appeared 
much better and was beginning to pull up its legs in an attempt to get to its 
feet, although its efforts were unsuccessful. The adrcnalcctomizcd animal was 
able to sit up. but appeared sick. Botli animals refused food, but toward the end 
of the period it appeared as if both would survive. 

4:30 to 5 p. m.; There was little change in the appearance of cither animal 
though both looked somewhat brighter and at the end of tlie period both were 
sitting up. It was decided to discontinue detailed observations at this time, and 
both were returned to their cages. 

6 p. m. : The normal animal had apparently almost recovered : the adrcnal- 
ectomized one was -apathetic, but otlierwise exhibited no particular symptoms. 

7 p. m. ; The normal animal had apparently fully recoi'crcd. though possibly 
iras not as active as before the injection. The adrenalectomized animal was 
stretched out and dead. 

The normal animal fully recovered. 

Autopsy on the adrenalectomized animal revealed no gross lesions in any of 
the organs, with the single exception of the small intestine; here, in places, was 
some h\-peremia, and the mucosa was reddened in patches. Xo adrenal tissue 
could be discovered after careful search. 


II. Rabbit 28. — ^.A piebald female rabbit weighing 1.4 Kg. was used. Obstruc- 
tion was produced at 2 p. m., on Oct. 11, 1928, and the animal was returned to its 
Cage in good condition. The animal was killed at 2 p. m, on October 13. and the 
contents and mucosa of the small intestine were used for the preparation of toxin 
according to the method of Ellis. 

Rabbit 34. — A white female rabbit weighing 1.2 Kg. was used. The animal 
was healthy and normal. 

R-abbit 13. — Adrenalectomy was performed on Sept, 18, 1928. 

_ The to.xin derived from rabbit 28 was divided into two equal parts (4 cc, each 
in this case) ; one part was injected into the normal animal and the other part into 
me adrenalectomized animal at 5 p. m., on Oct. 14, 1928. 

to 3 : 15 p, m. : For the first five minutes neither rabbit appeared to experi- 
ence any ill effect from the injection. However, at the end of this period the 
normal rabbit defecated a fairly large amount of normally formed stools, and 
a so urinated. At 5: 15, both animals were beginning to become somnolent; they 
sat luddled up with their eyes closed, and resisted any attempts to change their 
posuions. 


oi ^ ^ P- ■ During this period both rabbits progressively lost control 

^ti hind legs, and the normal one was unable to bear his weight on his front 
an^t purged Holently; quantities of partially formed stools 

ectn 'vatery and mucoid motions were noted. The adrenal- 

‘he normal 

condition Th? 7 ", in a moribund 

hA'-as was in only a slightly better condition; 

roll 

of the c4reX tremors 
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5:45 to 6:45 p. ni. : The adrciialcctomizcd rabbit progressively became coma- 
tose, and died ratlicr unexpectedly in convulsions at 6 p. m. The normal animal 
gradually regained the use of its limbs and was sitting up at 6:45 p. m. 

The normal animal fully recovered. 

Autopsy on the adrenalectomized animal revealed no gross lesions ; examination 
of the region of the upper poles of the kidney revealed total absence of adrenal 
tissue. 

III. Rabbit 29. — A white male rabbit weighing 1.5 Kg. was used. Obstruc- 
tion was produced on Oct. 13 1928, at 3; 15 p. m., and the animal was returned to 
its cage in good condition. The rabbit was killed at 4 p. m., on October 15, and 
toxin was prepared, as in previous cases. 



Fig. 6. — Adrenal cortex in the dog following the production of ileus ; low power 
photomicrograph, showing areas of focal necrosis. 

Rabbit 35. — A white male rabbit weighing 1.2 Kg. was used. The animal was 
normal and healthy. 

Rabbit 17. — Adrenalectomy was performed on Sept. 19, 1928. 

The toxin prepared from rabbit 29 was divided into two equal parts ; one part 
was injected into the normal animal and the other into the adrenalectomized one 
at 2 p. m. on Oct. 16, 1928. 

No special features were noted in this case except that the reaction to the 
injection was somewhat delayed beyond the intervals previously noted in the case 
of both rabbits, and neither animal appeared very ill at any time during the first 
two hours. Both rabbits were returned to their cages at the end of this period 
with the idea that probably the toxin was relatively inert. In the morning, how- 
ever, the normal animal was apparently healthy, while the adrenalectomized one 
was dead. Rigor mortis had become established in the latter animal. 

The normal animal survived indefinitely. 
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Autopsy on the adrenalectoniized animal 5ho^vcd no gross lesions oi an.v of 
the organs. Xo eudence of adrenal tissue could be found. 

Iv”r\bbit 30.— a white female rabbit wei.gbin.g 1.4 Kg. was used. Obstruc- 
tion was produced on Oct- 14, 1928 at 1 p. m. Oh October lb. the rabint was 
killed and to-xin was prepared as iir the previous cases. 

R.rBBiT 36.— A brown female rabbit weighing 1.2 Kg. was used. The annual 
was normal and healthy. 


R.\BBtT 20.— Adrenalectomy was performed on Sept. 19. 1928. 

The toxin derived from rabbit 30 was divided into two equal parts ( a cc. in 
this case) ; one part was injected into the normal rabbit and the other into the 
adrenalectomized animal at 2:15 p. m. on Oct. 17, I92S. 

The results in this case almost e.vactly duplicate those reported in the previou-. 
case. Both rabbits showed little effect from the injection of the toxin, and were 
returned to their cages at the end of two hours : the normal animal survivcrl 
indefinitely, but the adrenalectomized one was found dead on the following morn- 
ing. The autopsy observations were insignificant c.xcept in demonstrating that 
all adrenal tissue had been removed. 

V. R.4BBIT 31. — A white angora male rabbit weighing 1.3 Kg. was used. 
Obstruction was produced on Oct. 16, 1928, at 1 : 30 p. m.. and the animal was 


returned to its cage in good condition. The rabbit was killed on October IS, at 
2:25 p. m., and the toxin was prepared as previously. 

RtBBiT 37.~A piebald male rabbit weighing 1.4 Kg. was used. The animal 
'vas healthy and normal. 


Rabbit 22. — ^Adrenalectomy was performed on Sept. 21, 1928. 

The toxin derived from rabbit 31 was divided into two equal parts (2.5 cc. in 
this case) ; one part was injected into the normal rabbit and the other into the 
adrenalectomized animal on Oct. 19, 1928, at 3;l0 p. m. 

3; 20 p. m. : The normal rabbit defecated a quantity of soft formed stools; 
It appeared sick and its respirations and pulse rate were rapid. The adrenal- 
cctomized animal was unaffected. 

3:30 p. m. The normal animal was weak and had some difficulty in maintain- 
ing its balance; the adrenalectomized animal began to look sick. 

3:40 p. m. : The normal rabbit had purged violently mucous and watery 
stools. The adrenalectomized animal had also defecated, but the movements were 
normal. 


4 p. m.; Both rabbits had become so weak that thej’ could no longer stand. 
The pupils of both were widely dilated ; the skins of both were deeply cyanosed. 
Both e.xhibited fibrillary twitchings in the rear limbs. 

5 p. m. : Both rabbits were in essentially the same condition as previonslv, 
c.xcept that paralysis was more marked in the adrenalectomized animal. 

6 p. m. : Both rabbits were very sick, but the formerly normal one had appar- 
ently recovered somewhat. Both were placed in their cages for the night. 

8 p. m. : The adrenalectomized animal died in violent convulsions. The normal 
animal had recovered somewhat. 

_ T\yo cubic centimeters of blood was taken from the ear veins of both animals 
tor chloride determination just prior to the injection of the toxin and a similar 
amount at the end of two hours for the same purpose. The chloride determina- 
ons showed: in the normal animal prior to injection, 528 mg. per hundred 

ceniLrr’"’^^-^'^*' mg. per hundred cubic 

humvit i-’" adrenalectomized animal prior to injection. 445.5 mg. per 
sau'c centimeters, while two hours after injection the amount was the 



288 


ARCliniiS 01’ SUKGIIR) 


Tlie noniinl aiiimnl survived indefinitely. 

Autopsy of the adrenalectonuVed animal sliowed absence of all adrenal tissue. 
No significant organic changes were found, witii the exception of moderate disten- 
tion of the small intestine which was filled with licjuid yellow contents and a great 
deal of mucus. 

VI. Raiiiut 32. — A white female rabbit weighing 1.5 Kg. was used. Obstruc- 
tion was produced on Oct. 19, 1928, at 4:20 p. m., and the animal returned to 
Its cage in good condition. The rabbit was killed on October 21, at 5 p. m., and 
the toxin was prepared as previously. 

Rabbit 38.— A piebald female rabbit weighing 1.2 Kg. The animal was healthy 
and normal. 

Rabbit 26 — Adrenalectomy was performed on Sept. 25, 1928. 



Fig 7. — Adrenal cortex in the dog; high power photomicrograph of figure 6, 
showing pyknosis of nuclei and part of the area of focal necrosis. 

The toxin derived from rabbit 32 was divided into two equal parts ( 3 cc. in 
this case) ; one part was injected into the normal (rabbit 38) the other into 
the adrenalectomized animal (rabbit 26) at 3:30 p. m. on Oct. 20, 1928. 

No particular features of new interest were noted. Both rabbits experienced 
rather severe reactions within an hour; both became practically comatose in an 
hour and a half; they both exhibited some tenesmus, but the bowel movements of 
the normal rabbit were profuse and mucoid, while those of the adrenalectomized 
rabbit were scanty and formed, though soft and covered with mucus. Both animals 
were in apparently in extremis at the end of two hours. Two cubic centimeters 
of blood had been secured from the ear veins of both of the animals for a blood 
chloride determination just prior to the injection of the toxin. It had been decided 
to secure a similar amount at the end of two hours, in order that any possible 
decrease in chlorides might be detected. Both animals, however, were virtually 
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moribund at tlie end of two hours, as previously noted, atrd hiood could n<rt be 
Teemed from tire veins of either arrinral. It was felt that rrerthcr amnral could 
surr-ive many minutes longer, and cardrac puncture was performed. 

The adrenalectomized animal died during tins procedure. possihU a cardiac 


Utcuvi. _ , - 

The normal animal recovered and survived rndefimtcly. 

Autopsy on the adrenalectomized animal showed no adrenal tissue.^ I he 
heart showed endence of puncture, of course, but only a drop or two of hloird 

was found in the pericardium. _ ... 

The chloride determinations showed: in the normal rabbit before injection. 
501.6 mg. per hundred cubic centimeters, and after inj'cction, 495 mg. per hundred 
cubic centimeters: in the adrenalectomized rabbit before injection, SI 1.5 mu. per 
hundred cubic centimeters and after injection, 462 mg. per hundred cubic centimeters 


SUM MARV 


Under as similar conditions as coitld well be devised six pairs ot 
rabbits were injected with toxin chemically prepared, in ns pure torm 
as possible, from the mucosa and intestinal contents of other rabbits in 
which obstruction had been present for about forty-eight hours. Each 
pair of animals that had been given injections of toxin consisted of one 
rabbit which tvas healthy and normal, as far as could be determined, and 
an animal from which both adrenals had been completely removed 
approximately two or three weeks previously, and which had apparently 
completely recovered from the effects of the operation. Precisely the 
same dose of toxin was injected into both animals of each pair, the toxin 
from one animal with obstruction being divided for the purpose into two 
equal parts. The weight of the normal animal of each pair was selected 
so as never to exceed the weight of the adrenalectomized one, thus 
anj- possible advantage in favor of the operated animal. 

The results were conclusive. Both animals of each pair showed the 
symptoms of intoxication that have been previously reported b}’ several 
»n estigators : weakness, tremors, dilated pupils, diarrhea and tenesmus. 
The normal rabbits invariably showed much more severe reactions than 
Ihe adrenalectomized rabbits, and diarrhea with tenesmus was a promi- 
nent feature of the intoxication. The adrenalectomized animals showed 
I le latter manifestations in very mild degree. While the animals of the 
normal series all survived indefinitely, tliongh after a period of alarm- 

whT ™ost cases, the adrenalectomized rabbits all died 

" nn a period of twelve hours, in spite of the apparently relative mild- 
nc.-s of their reactions. 


^ Blood chloride determinations in two pairs of animals showed either 
^0 ecrease at all or only slight decrease in chloride content during the 
following the injection of the toxin, and wdrile the animal 
and TT ^ decrease was one from the adrenalectomized series 

al animal and lived. Furthermore, the other adrenalectomized 
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uniiiial showed no decrease, (houj^h it died, wiiile the other normal animal 
showed no significant decrease yet lived. 

It is accordingly believed that tlicsc exjrerimcnts demonstrate that : 

1. Ihe lethal dose of toxin derived from the mucosa and intestinal 
contents of animals in which obstruction has been produced is much 
less for doubly adrenalectomized animals than for normal ones. 

2. The ad renal glands cvidentl}' ser\’e a definite function in combat- 
ing a toxemia produced by the injection of toxin so derived. 

3. Ihe severity of the sym])toms and signs of such a toxemia are a 
false guide to the prognosis in cases in which the adrenals cannot 
function. 

COMMENT 

The j)resent sferies of exiieriments will have little interest for those 
who feel that the characteristic toxin which can be prepared, as previ- 
ousl}' described, from the contents and mucosa of loops of intestine 
proximal to an obstruction is an adventitious substance that ordinarily 
does not find its wa}' into tiie circulation and therefore has no essential 
part in the productioit of the toxemia of ileus. On the other hand, 
granted that the reverse is true, and that the toxin under discussion 
probably does enter into the etiolog)- of the symptom complex, a new 
and most fascinating sidelight is thrown on the problem of intestinal 
obstruction by the apparent incrimination of the adrenal glands as agents 
in a protective mechanism against the toxemia. Unfortunately, in spite 
of the fact that the adrenal glands have been known for years to sub- 
serve such a protective mechanism in the case of other toxic substances, 
organic and inorganic, no effective way of reinforcing this protective 
action in times of stress and strain has as yet been devised either through 
the isolation of an efficient and injectable extract of the adrenal gland 
of other animals or by measures designed to support the gland of the 
affected animal during the period in which it is called on to carry a load 
which it cannot bear unaided. 

All the evidence at present available seems to indicate that the cortex 
of the adrenal gland and not the medulla is the tissue responsible for 
the protective mechanism, but attempts to utilize this fact in a practical 
wa)^ have apparently thus far met with failure. Such cortical extracts 
as have been prepared have been disappointingly inefficient, althougli 
emulsions of cortical tissue have been shown to detoxify at least one 
biologic toxin (Cobra venom, Meyers-®), and autoplastic transplanta- 
tion of the adrenal cortex has been shown to increase the resistance of 
animals previously lowered by adrenalectomy (Jaffe-^). 

23. Meyers: Tr, Path. Soc. London, 1898. 

24: Jaffe, H. L. ; On Diminished Resistance Following Suprarenalectomy in 
the Rat and the Protection Afforded 53"^ Autoplastic Transplants; Am. J. Path. 
2:421, 1926. 
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On the basis of such fragmentary knowledge as is available at 
present it seems probable that the influence of the adrenal cortex in 
combating intoxication is indirect rather than direct, and iwssibly a 
fairlv complicated mechanism is involved. Perhaps the adrenals influ- 
ence the general metabolism or the special metaliolisni of some inter- 
mediate tissue or they may control the usual mechanism of antibody 
production. In this connection the observation of Marine and Baumann 
is interesting — that the administration of physiologic solution of sodium 
chloride and Ringer's solution is of value in iirolonging the life of those 
animals which ordinarily rather quickly succumb after doulile adrenal- 
ectomy. since the administration of sodium chloride is known to be of 
value in combating the toxemia of intestinal olistruction clinically. 

From a clinical point of view it is believed that an appreciation of 
this protective function of the aclrffial glands in intestinal obstruction is 
of the utmost importance. If. as seems to have been established his- 
tologically. these glands undergo degenerative changes in obstruction, 
it must be fairly obvious that treatment in order to lie effective must be 
instituted early in intestinal obstruction, and such treatment must be 
aimed at the removal of to.xic products from the obstructed loops of 
intestine before extensive degenerative changes have occurred in the 
adrenal cortices. 


An amount of toxic absorption can be successfully combated by the 
body in the earlier stages when the adrenal mechanism is intact which 
would be rapidly and ineutably fatal once the cortical function has been 
seriously damaged. 

Consequently, it Avould seem irrational to temporize very long with 
symptomatic treatment in any severe clinical case. Tire administration 
ot spinal or splanchnic anesthesia in air attempt to relieve an adynamic 
ileus must be performed early and not as a last resort. In the early 
stages of obstruction the restoration of the motor function by anv means 
mil be effective, since the cortical protective mechanism is intact; later 
-wc 1 restoration, though complete, may be just as hopelessly ineffective, 
since e\en though further absorption may be minimized or completely 
overcome, the protective mechanism mav be unable to take care of the 
«ose already absorbed. 


reht" ^vay. enterostomy, to be effective, must be performed 

^<i\ey early. It will almost inevitably allow the escape of only part 
live intestinal contents, and the condition of the cortical protec- 

t^kecareofT indivilual can successfulh- 

•ire ot the residuum or whether he will be overwhelmed therebv. ' 


t 



ACUTE 


COMPLETE OBSTRUCTION OF THE DUODENUM 
FOLI.OVVING A GAS'J'ROJEJUNOSTOMY 


CUKK JiV DHGASTKO-KNTKKOSTOMV * 


JOHN E. SU^^^^ERS. MD. 

OMAHA 

1 he clinical fact has long been noted that the immediate seriousness 
of an acute intestinal obstruction depends on the location of the obstruc- 
tion. When located in the duodenum, the higher the obstruction is 
below the opening througlt which the bile and pancreatic secretions are 
discharged, the more serious is the toxicity and die earlier the fatality. 
AAinierous experimental occlusions of the duodenum Jiave proved this.’^ 
Rapid fatalities follow obstructions in the small intestine, and the nearer 
the obstruction is located to the approach to the duodenum, the earlier 
death occurs. On the other hand, obstructions in the large bowel may 
exist for a considerable numljer of days before s^miptoms threatening 
life develop. Of course, if the obstructing cause, wherever located, so 
interferes with the vitality of the bowel that the blood supply is shut off, 
gangrene and peritonitis hasten the end. In such an instance, bacterial 
infection is overwhelmingly added to the causes of tlie commonly 
described toxemia. Not infrequently disordei-s of general health are 
noted in incomijlete duodenal stenosis, most often located near the 
duodenojejunal junction.- However much one may agree or disagree 
with experimental physiologists “ that the chief danger in acute intestinal 
obstruction is the loss of water and the inorganic constituents of the 
blood, there is, in my opinion, no question that safety for the sufferer 
consists primarily in draining the intestine. This, when done early, is 
accomplished by relieving the obstruction itself. When the patient is not 
seen until late, only temporizing measures are permissible, and the 
procedure of a simple drain introduced into the bowel above the obstruc- 
tion is indicated. It has been proved experimental!)'' and clinically that 
sodium chloride, when administered, has a positive effect in reducing the 
toxicity in intestinal obstruction. It is given intravenously, sub- 
cutaneously and by rectum, in large quantities of water. 1 he water is 

* Submitted for publication, March 5, 1929. 

1. Duval, P.; Roux, J. C., and Becicre, H.; litudes sur le duodenum, Paris, 
Masson & Cie, 1924. 

2. Summers, J. E. : The Dilated Duodenum, Ann. Surg. 88:576 (Sept.) 
1928. 

.5. Discussion of symposium on Intestinal Obstruction, J. A. M. -A. 91:1592 
(Nov. 24) 1928. 
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corrective of the dehydration. If one should await the corrective eitecls 
of the toxicitr- resulting from the intravenous administration ot sodiuni 
chloride before establishing drainage above the obstruction. 1 fear it 
would be bad judgment. The acts of intestinal drainage, intravenous 
administration of large quantities of physiologic solution ot sodium 
chloride and blood transfusion should go hand in hand at least that is 


my experience. 

In papers of my own ^ I have advocated the vital importance of 
draining the intestine above the obstruction, emptying the intestine 
through several incisions^ when practicable, borgetting for the moment, 
chloride depletion, Holden ® has given the best corroborative evidence 
that the greatest danger of acute intestinal obstruction, wherever located, 
mav be toxemia from absorption of the intestinal contents. Among his 
last fifty-one patients with acute intestinal obstruction on whom opera- 
tions were performed, there were only three deaths, whereas, among a 
large number on whom operations were done before these his mor- 
tality rate was 50 per cent. He attributed his. probably to date 
unapproached, improved success to the fact that in each instance he 
practiced a method of emptying the imprisoned intestinal contents by a 
process of stripping, which caused almost complete emptying. 

The foregoing digression from the subject of my clinical report 
seemed necessary because of the unusual opportunity afforded to dis- 
cuss the dangers of delay, especially in high intestinal obstruction, as 
well as the possibilities of sustaining life by the measures advocated by 
physiologists. 


REPORT OF A CASE 


Well developed and well nourished man. aged 28. an intern, was admitted 
35 a patient in the University Hospital on Aug. 28. 1927. with the diagnosis of 
3cute appendicitis and duodenal ulcer. 

HijJory. ^In 1917 had begun a spring and fall series of rather vague gastric 
yscomforts which were relieved by sodium bicarbonate and the taking of food. 

icse symptoms continued, but to a lesser degree, through the patient's premedical 
course. During the four years of the medical course there was again a feeling 
° istention and gnawing in the epigastrium about two or three hours after 
and *1 aggravated by acid food and by periods of stress, mental 

P 15 siral, but had practically no seasonal relationship. Fluoroscopic and roent- 
rcc confirmed the clinical diagnosis of duodenal ulcer. The hospital 

n-c'r ^hat the young man had the benefit of the modern recognized 

"1 aT duodenal ulcer, and that in spite of carrying on his part 

he service he led a relatively comfortable existence, provided 

"as careful of his diet. 


Herald 

„ n ' • P- Nebraska il. J. 11:335, 1926. 

■'^ci;:Sur";3:l.2!Dec.\"\m'' Obstruction: Survey of 135 Personal Cases, 
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The day prcMous to admission as a mUent I,. 

"Bl” lo'vcr ,|„adn„„, 't ' W” ™<l 

"as no apparent mgcncy about the case-the'nni T ^s there 

iomc muscle spasm tenderness in the riirhi In ' '’’’-vsical observations being 
delayed duadrant-surgieal intervention 

Opciatioii . — On Sept 5 }Q77 unli ii 
recta, meisicn espo;ed-tbe -nn^.r' 







Fig 1 Gastrojejunostomy m^aginated 

ueen removed 


into stomach , obstructing adhesions bad 


and uas held hml advisable The cecum was found to be undescended 

a routine postenof Ha f appendectomy rvas done and 

from the operatm- " . P'^rformed Tlie patient was returned 

» m m good condition Seven hundred cubic centimeters of 
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physiologic solution of sodium chloride was gi\cu hy iiypodcrinocl> ‘•i'-. and 
2,000 cc. b\ proctoclysis. 

Progress.— Xoihmg abnormal was noted on the daj of operation or on the second 
postoperati\e da\. On the third day. there was a Inirninp sensation in the 
epigastrium. The patient complained of considerable cramplike jiain in the riuht 
lower quadrant, which was relieved somewhat by a colon tube and enema. On 
September 9. the administration of liquid diet was begun The pain in the right 











^'XwostoL illustrations show steps in degastro- 

^--^ieiunostomy is released by 
iejunum. • 3 narrow cuff of the stomach attached to the 

complained of thirst. Gastric lavage 
? On September Pn ’ "oteworthv was 

gastric lavage onlv a small amount of vrreen.'.t. 
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mucus was waslic ! out. Thirst was becoming marked. Tlie foHo%\ing clay, pain 
and epigastric burning persisted ; lavage was still i)eing used, but little relief was 
obtained. Proctoclysis, 1,500 cc, of physiologic solution of sodium chloride was 
instituted. On the afternoon of the eighth day burning in the epigastrium and pain 
in the right lower qudrant became more severe and rhythmical hiccups developed, 
occurring from every live to ten seconds. Hoflfman’s anodyne, atropine, camphor, 
amyl nitrite and morphine were all tried without avail. Gastric lavage (5 per 



Fig. 3— The upper part of the picture illustrates the suturing of the mucosa 
of the stomach ; the low er part, the removal of the cuff of stomach from the 
jejunum 


cent soda) gare no relief. After thirt\'-six hours of singultus, the patient e 
asleep. .An enema given later returned slightly colored, with a small amount o 
hard, foimed feces. Xo flatus was passed. The cramps recurred. Proctochsis, 
500 cc. of 10 per cent dextrose, was given together with 700 cc. of phjsiologic 
solution of sodium chloride by hjpodermoclysis. A Levine nasal tube was passer. 
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and magnesium sulphate injected througli the tui>c i)r<Hiiiced mi re'-ult-;. Att 
enema returned slightly colored. 

The patient was almost too weak to talk above a whimper. (In the tenth 
postoperative day, 750 cc. of matched citrated blood was given intravenously, 
together with 250 cc. of physiologic solution of sodium chloride. On the eleventh 
dav, there was considerable twitching. He talked incoherently. Mnids givdi by 
mouth were not retained, so that 1.250 cc. of physiologic .solution of sodium 
chloride was given intravenously. On the twelfth day. the Levine tube vvas again 
passed, and 150 cc. of a greenish fluid was aspirated. .\n enema returned clear. 
Through the Levine tube, barium meal vvas injected into the .stomach, (.’arefnl 
obsen-ation with the fluoroscope for from liftceii to twenty minutes failed to 



sutured illustrates the mucosa of the stomach 

ui the mucosa ^ ^nd peritoneum. The lower part shows the suturing 

■usosa of the jejunum. 


titrated blood vvll mVen'” stomach. Another 750 cc. of matched 

'’>• ^uuveheat and itZg!" 

-ttond otraZZsZrfotmeV'TT' .^^‘'ttnoon of the twelfth day, a 

'^ith little evidence of rTpatr t '77°" 

F - -“2 E “r 
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jejuiiostoni)' opening bj' compression. All of the tissues AV'ere densely adherent. 
The hernia was released and the anastomosis uncoupled. The stomach and 
jejunum were rapidly closed with double rows of chromic catgut, and the 
abdomen was closed witli through and through silkworm gut sutures. During 
the operation, the pulse rate had jumped to 164 and the blood pressure dropped 
to 88 systolic; the diastolic pressure could not be determined. j\fy much inter- 
ested colleagues and assistants were so exercised, thinking the patient would die 
on the table, that after the stomach was closed I was urged to put a tube in the 
jejunum and get the patient to bed. Fortunately, I did not follosv this advice. 
During the operation, 200 cc. of phj'siologic solution of sodium chloride with 



Fig 5 — The upper part of the picture shows the burjing of the suture line 
in the stomach by the Cushing right-angle continuous stitch ; the lower part, the 
suturing of the muscularis and peritoneum of the jejunum. 

10 minims (0 6 cc ) of epinephrine Avas given intravenously. The patient was 
returned from the operating room in an extreme state of shock ; the body was 
cold and clammy, and the lips were cj’anotic The pulse could not be felt. Respi- 
ration had ceased The foot of the bed was elevated, and a suction machine was 
used to remove mucus fiom the pharynx. A towel clip was put through the 
tongue to hold it forward and to aid in artificial respiration. Epinephrine, 10 minims, 
was gi\en intravenously. The entire bod> w'as rubbed A’igorously. Physiologic 
solution of sodium chloride with 20 minims (1.25 cc.) of epinephrine was given 
slowh by hj podermoclysis. After thirty minutes of artificial respiration, the 
apex beat could be guessed at 165 with the stethoscope. The respirations were 
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^e^ shallo\s. but became more regular and tiill. 

prcctocK^i^ uith physiologic solution of sodumi chlorule. uns btu. i 
Tatt ua; restless throughout the night. Ju. before operafou a Mdmornml 

temperature had jumped to 103 R. the puhe rate to 164 and 

On the second day follouing. the temperature had droppe.l to 00 6 1 .. the pul rate 
to 100. and the respirations to 20. 



^'g 6. The stomach is fastened to the mesocolon by interrupted stitches. The 
"oundb in the stomach and jejunum are closed. 

venousf'^'”-'”^" September 19, 300 cc. of matched citrated blood was given intra- 
tourT ' Phisiologic solution of sodium chloride about twenty- 

uith operation. Because of cramping and some nausea, gastric lavage 

Abdomi'n!/™^ brought back some clear, dark-colored fluid, 

onh narrm-'’^T controlled by heroin, which was the 

ic to which the patient was reasonabh susceptible. On September 20. 
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nausea persisted, but it was not so troublesome as before. There was a severe 
stomatitis, the result of deliydration. Air hunger was marked. One tliousand 
two hundred cubic centimeters of physiologic solution of sodium chloride with 
10 per cent de-xtrosc was administered intravenously. On September 21, the 
cramps decreased, and the patient began to tolerate some fluids. Epigastric 
burning was relieved by sodium bicarbonate. On September 25, after nincty-si.x 
hours, some soft food was added to the liquids. On the eighth postoperative day, 
difficulty in swallowing was noted. There was pain underneath the sternum, 
radiating to the back. It was necessary to discontinue food and liquids for 
twenty-four hours and to limit the diet for the next three or four days in order 
to rela.x a probable cardiospasm. On October 10, the diet was gradualh’ increased, 
and on the twelfth day the abdominal sutures were removed. Activities were 
renewed by degrees, and the patient was dismissed from the hospital in good 
condition on the nineteenth day following the second operation. 

COAIMENT 

The delay in doing the second operation was due to two factors: 
1. The patient objected to having anything done, being convinced that 
he was suffering from a dilated stomach. 2. There were too many phy- 
sicians interested in the case, and no one was in command. 

Since dismissal, or for the last one and a half years, the patient has 
remained on a soft, acid-free and roughage-free diet, and has not had 
many symptoms. The weight has returned to normal, and he has 
carried on his duties, feeling better than before the illness began. He 
is an active, hard-working man with a healthy appearance. X-ray 
pictures have demonstrated the stomach and duodenum functioning 
normally. 

Fi'om the standpoint of animal experimentation, this mans life was 
saved from the intoxication of the duodenal Idock b}'^ the administration 
of large quantities of sodium chloride before and after the release 
of the obstruction. The symptoms exhibited in this case just before 
the second operation were not those commonly obsem^ed in cases of 
much lower intestinal obstruction when seen late. They resembled more 
those seen in infants with congenital pyloric stenosis — the neglected 
case. I once operated on one of these infants in the stage of convulsions 
— in fact, it had a convulsion while I was operating, and marvelously, 
the child lived. 

Occasionally, it is necessaiy to release a gastrojejunostomy. I have 
employed a technic which when the urgency of the procedure admits 
is carried out as indicated in figures 1 to 6. Thalheimer '' employed a 
somewhat similar method. It is different in that the closures in the 
stomach and jejunum are made at right angles to the long a.xes of the 
stomach and jejunum ; the method of suturing is also different. 


6. Thalheimer, kl.: J. de chir. 30:385 (Oct.) 1927. 



PERICARDOTO-MY FOR i’V( )P1-:K1CARI)1 L'M ' 
L. G. DOWERS, M R- 

IJAYTt^N. OHIO 


When one considers the modern surj^ical ('\nimism rei^ardini; the 
treatment tor pyoperitoneum and pyothorax. tlic reluctance which lias 
characterized surgical drainage of purulent exvulate irom the jieri- 
cardial sac seems difficult to appreciate. In a masterly treatise on this 
subject, Winslow and Shipley* were aide to collect only IIS recorded 
cases from the world's literature dealing with this subject. 

Drainage of exudate contained in the pericardial sac was probably 
hrst suggested by Riolamts." in 1648. It was not vtutil 1855. htwvever. 
that drainage of the pericardial sac through an oj^ening in the sternum 
was first practiced by the Frenchman. Malic."' l^arrey.* in 182S^. tirst 
successfully employed the -xiphocostal route. It remained for llilsmann. 
in 1844, to cure a patient of pyo])cricardiinn by the performance of 
pericardotomy. Little attention was paid to the procedure until 1879. 
when the classic report of Rosenstein focused attention on the ])ossi- 
bilities of the operation. More recer'vtly the successes of W inslow and 
Shipley and Peterson should serve to popularize this relatively simple 
procedure ; -in the opinion of the former writers, operative treatment 
should yield about 70 per cent of cures. 

The purposes of this paper are to discuss briefly the etiologic factors 
responsible for the disease and its diagnostic characteristics, to describe 
a recent experience and to outline a simple operative procedure. 

In all probability, suppurative jwricarditis never primarily arises in 
die pericardium. In most instances it represents an extension of some 
intectious process of the lung and pleura. Lobar (pneumococcus) pneu- 
uioma invariably extends to tbe pleura, producing an inevitable fibrino- 
purulent pleuritis. In many instances, jiyothorax results and mav 
iniolve the pericardium by contiguity. In many cases, the disease has 
tollowed perforating knife or bullet wounds with direct implantation 

* Submitted for publication. April 4. 1929. 

From the Dayton Clinic. 

4rrVi c' Shipley. A. M. : Pericardotomy for Pvopericardium, 

••^rch. Surg. 15:317 (Sept.) 1927. 

1879" ^''''^™*' Fy Hindenlang: Deutsches .\rch. {. klin. yied. 24:452, 


danatomie chirurgical et de niedecine operative. Paris, 

Larrey: Clin. Chir. 2:303. 1829-1836. 

Pericarditis: Report of Three Cases, Arch. 
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of the infective agent. In other instances, the pyopcricardiuni lias been 
attiibuted to a local manifestation of a septicopj'einiaj such as that asso- 
ciated with osteomyelitis. 

I he failure to make a projier diagnosis of p^'opericardium is so often 
revealed at the autopsy table that a brief recitation of the essential diag- 
nostic criteria seems justified. The first recjuireinent is the recognition 
of those diseases in which pyopericardium is a secondary manifestation. 



Fig. 1. — Roentgenogram of chest showing greatlj' enlarged heart shadow 
and left pneumothorax. 


If this is accompanied J)y a careful consideration of the histoiy and phys- 
ical examination, together with rocntgenographic studies and diagnostic 
aspiration, the diagnosis should present no great difficulties. The most 
common pht-sical signs are enlargement of the area of precordial dul- 
ness. frecpiently with shifting of the upiier limit of dulness on changing 
the position, rapid pulse and respiration, muffled heart sounds, friction 
rub in the early stages and dull tympany over the infrascapular area. 
The difficulties encountered in distinguishing pi’opericardium from car- 


boivers 
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.^ 0 .^ 


dtac dilatation arc indicated l.y the trct|..cm ,atrfnrmancc '> j 
cordis when parencentesis pencardn was. boiniraUcniptc . • 1 
“don Ziln sounds are dear and sdarp, whereas n. „er,card,al effn- 
sions the sounds are distant and nrnffled. 


report ok case 


B. L., a vouth. aged 17, was first seen by Dr. P. A. Kc.npcr 
Ohio, on April 12, 192S, when he complained ot severe pain ni the lower 



Fig, 2. — ^Roentgenogram taken after aspiration of 925 cc. of turbid semipuru- 
ent fluid from pericardial sac, showing little decrease in size of heart shadow. 


He had a nonproductive cough, temperature of 102 F.. pulse rate of 
and increased respiratory rate. Physical examination revealed dulness over 
'’<■ lower half of the left side of the thorax. A diagnosis of lobar pneumonia 
the next five days, the symptoms and signs were aggravated, 
illness, flatness was found on percussion, and drain- 
> the closed method yielded 1 liter of turbid straw-colored fluid during the 

e'rawr''' ® of e.xudate 

• at the end of which time the patient experienced repeated chills and 
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sweats, dyspnea and cyanosis. On May 3, lie complained of pain over the area 
of tlie liver. Dr. Kemper found considerable enlargement of the liver. At this 
time the heart sounds became more di.stant, the area of cardiac dulness became 
larger and the patient became orthopneic. The pain shifted to the interscapular 
region and increased as the area of cardiac dulness became larger. 

On May 5, 1928, the patient was referred to me, with the diagnosis of left- 
sided lobar pneumonia, with empyema and purulent pericarditis. On admission 
to the Miami Valley Hospital, respirations were labored, even when he was in 
a sitting position; cyanosis was marked; the dulness around the liver extended 



Fig. 3. — Drawing showing location of curvilinear incision along the left border 
of the sternum, beginning at the fifth left sternochondral junction and extending 
lateralward just below the inferior border of the sixth rib. 

below the umbilicus ; the superficial thoracic veins were greatly dilated ; the heart 
sounds were distant and muffled ; the area of cardiac dulness was greatly widenc^ 
and the legs were edematous. The temperature was 101 F., the pulse rate 1 
and respirations 35. Flouroscopic examination and stereoscopic films of the chest 
(fig. 1) showed a heart shadow which occupied fully three fourths of the thoracic 
cavity, together with left pneumothorax. 

On May 7, 925 cc. of turbid, semipurulent fluid was asjiiratcd from the peri 
cardial sac. This gave the patient temporary relief from his respiratory embar- 
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rassment, but did not appreciably decrease the area of dulness around the heart 
(fig. 2). Pneumococci were recovered from tlic aspirated exudate. During the 
next twenty-four hours, the patient became obviously worse, and on Alay 9, peri- 
cardotomy was done under local anesthesia. 

A curvilinear incision was made along the left border of the sternum, begin- 
ning at the fifth left sternochondral junction and extending laterahvard just below 
the inferior border of the sixth rib to a point 2 cm. to the left of the costochon- 
dral junction (fig. 3). The flap was dissected upward from the underlying rib, 
exposing the costal cartilage of the sixth rib. The costal cartilage was removed. 



Fig. 6. — Drawing showing point of exit of catheter through stabvvound in fifth 
intercostal space 1 inch above incision. The catheter is connected with a tube 
leading to a drainage bottle. 

The pleura and lung were drawn laterahvard by means of a broad retractor with 
a short hook. An aspirating needle attached to a Luer sj'ringe was then intro- 
duced into the pericardial sac to determine the depth and location of the exudate. 
This was followed by the introduction of a gallbladder trochar into the sac (fig. 4). 
Approximately 600 cc. of thick purulent fluid escaped bj" gravity through the 
trochar and attached tube A large Luer syringe was then attached to the free 
end of the tube and about 200 cc. of purulent fluid were withdrawn bj suction. 
A purse-string suture was placed around the trochar, after w'hich it was with 
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drawn from the sac and a male catheter of similar caliber introduced and fixed 

with the purse-string suture (fig. S'). . . . . - 

The pericardial sac was then irrigated with 1 liter of pliysiologic .>.olntion ol 
sodium chloride, at the end of which time the fluid returned clear. During the 
irrigation many large flakes of fibrin were washed out. The catheter wav then 
drawn through a stab wound 1 inch (2.5 cm.) above the incision, near the stennnn. 
and the wound was closed with interrupted sutures. The drainage lube wav then 
connected with a tube leading into a large bottle containing antiseptic fluid (fig. ')). 

The patient e.\perienced immediate relief from the dyspnea and cyanoviv. and 
the dependent edema rapidly diminished. The liver decreaved in vi7e and the 



"sha.!^ hean"f'^^ showing typical fibrinopurulent pericarditis (“cor villosum" or 


approximately normal. The lumen of the catheter 

impro^emenr' operation, the patient showed marked 

«Psis and he d^eH if'”’ of overwhelming 

Pewmn , after operation. 

Phle atclectadl revealed ; left empyema (pneumococcus tvpe) ; com- 

adbcsiie pkuritis- marked cl'" <hg. /); organizing right-sided 

f ronic passive Vonlestln otf' "'t a infiltration and 

'^'^sree, and edema oUhe legs. ' myocardium; ascites of mild 
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COMMENT 

The immediate response to the simple operation was striking and 
gTatif3dng. In view of the fact that the exudate wliich collects in the 
relatively small pericardial sac can find no physiologic outlet, it seems 
logical to contend that the early institution of surgical drainage offers 
to the patient his greatest hope. Two factors are in operation which 
constitute a serious handicap to the heart’s work : first, the degenerative 
effects on the myocardium produced by the local inflammatory process; 
and second, the mechanical handicap produced by the rapidly increasing 
imprisoned exudate in the sac. Pericardotomy is a simple operation, 
presenting little or no risk, and is capable of saving life. The fore- 
going operative procedure is presented with the hope that it will stimulate 
others to give it a fair trial. 



GANGLIONEUROMA OF MEDIASTINUM REQUlKINt 
SURGICAL INTERVENTION FOR RELIICF 
OF OBSTRUCTIVE SVMRT(LMS* 


T. F. RIGGS. M.D. 

AND 

L. P. GOOD. M.D. 

PIERRH. S. n. 


Patients on whom it is possible to use only palliative surgical j)ro' 
cedures are, unfortunately, often seen. Occasionally, the p.itholoj^ic 
condition found gives rise to considerable discussion because of its 
relative infrequency. 

Mediastinal tumors requiring surgical intervention because of 
symptoms of tracheal obstruction are rare. Of these, tumors arising 
from the svmpathetic nervous system are perhaps the most rare. Because 
of its rarity and interest, we' wish to report a case of ganglioneuroma 
apparently arising from the thoracic or the cervical segment of the 
smpathetic system. 

REPORT OF .\ C.\SK 


History. — B.. a boy. aged 4 years, was admitted to St. Mary's Hc^pital 
on Xov. 20, 1925, with the complaint of difficulty in breathing and of swelling in the 
right side of the neck. The maternal grandfather was said to have died of cancer 
of the stomach and the paternal grandmother of cancer of the liver. .-V paternal 
uncle had died suddenly at the age of 6 months from an unknown cause. The 
hoy ^^as born on Oct. 22, 1921. delivery being normal. The mother did well and the 
child developed normally. Xo abnormality was noted in the other children in the 
lamily and there had been no serious diseases. The patient had had no headaches, 
pain m the chest, croup, gastro-intestinal disturbances or genito-urinary disease, 
^lovements of the bowels were regular. He had a light attack of influenza in 
January, 1924. and contracted scarlet fever on March 1. the same year. 

Three vveeks after the onset of scarlet fever, or on March 22, a swelling was 
noted in the right anterior cervical triangle. The parents were assured that the 
condition was probably secondary to scarlet fever. The swelling persisted for 
nineteen months, but no symptoms developed until the latter part of October. 1925, 

" patient had a severe cold, persistent cough, increasing hoarseness and 

pressure symptoms. 

fp. — The patient was a moderately nourished boy in considerable 

^^piratory distress, as evidenced by cyanosis, stertor and voluntary respiratory 
There was a fulness in the right anterior triangle of the neck similar 
'at ot a tuberculous adenitis. The left side of the neck 


The 'M ' ouemus. me leir siae oi tne necK was apparently normal. 

The was larger than the left, and the pupillary reflex was diminished, 

oust s were of the cryptic type, touching in the midline. 


On palpation of 


* Submitted ior publication, Xlay 30, 1929. 

c.ad before the M estem Surgical Association. Dec. 15. 1928. 
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the right side of the neck, there seemed to be two masses, each composed of 
lobules, rather firm, attaclicd to the deep structures but not to the overlying skin. 
Tliey were not tender. One mass extended from beneath the sternomasfoid muscle 
toward the midline, while the otlier extended downward and was lost beneath the 
clavicle. Examination of the chest was unsatisfactory, owing to the respiratory 
noise. 

Laboratory Observations . — On November 20, the urine was normal. The blood 
showed: red blood cells, 3,530,000; hemoglobin, 70 per cent (Dare); color index, 
1 ; white blood cells, 5,500 ; polymorphonuclears, 65 per cent ; small lymphocytes, 
27 per cent, and transitionals, 8 per cent. The blood pressure was not taken. On 
Jan. 8, 1926, the blood showed: red blood cells, 2,500,000; hemoglobin, 52 per cent 
(Dare) ; white blood cells, 21,300; polymorphonuclears, 84 per cent; small l 3 'mpho- 
cytes, 9 per cent; transitionals, 5 per cent; polymorphonuclear eosinophils, 1 per 
cent, and polymorphonuclear basophils, 1 per cent. 



Fig. 1. — Roentgenogram taken at the time of admission, showing a shadow in 
the right apex. 

On Nov. 21, 1925, the roentgen report was: “There is a mass in the upper 
thorax which extends above the clavicle on the right side. The right border is 
well marked extending outward to the juncture of the middle and distal thirds 
of the clav'icle and passing downward to the level of the fifth thoracic vertebra 
and rounding off toward the midline to be lost in the shadow of the spine. On 
the left, the border is not well marked, but the trachea is seen displaced some- 
what to the left. This mass is smooth in outline and of uniform density. No 
changes of the bone are noted. 

“Conclusion : This may be an abnormal thyroid ; a thymus, or an hj'groma. 

Ol'crafinii . — On the basis that the condition might possiblj’ be an abnormal 
thj’mus, the patient was given four roentgen treatments, three over the upper thorax 
and one deep irradiation of the chest, but without appreciable benefit. On December 
10, with the patient under an ether rausch, the tonsils and adenoids were removed 
in the hope that part of the respiratorj' obstruction might be relieved and as a 
preparatory step to a possible later operation on the neck. Section of the tissue 
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oi the tonsil sho^^ed lymphoid hyperplasia and no other patholouie chaneo. 
December 16. a second roent-en examination wa< made, concernme nlmh 


On 

the 


{ollo\\in 2 report was made; , 

“Screen Examination: The cardiac shadow appear^ nortnal. 1 here .s a ittass 
in the mediastinum extending down to the second inferspace. It extetuE tn the 
right displacing the right apex. Plate Examination: The canhac ^hadou .s 
normal; the bases arc clear: there is an area of incrcavcil density nunUme the 
upper mediastinum from the level of the sixth dor'al \erlehr.i nim.ird. (i)n the 
right it forms a curved line outward and upward ohliteratim; the apex of 
the right lung and involving the neck above the clavicle. When compired with 
the previous x-ra> there is no evidence of increase in sire. 

“Impression: Probable 1\ mphosarcoma. ’ 



2 Ganglion cells distributed throughout section, many showing nuclei 
and nucleoli. Homogeneous supporting tissue. Xote the tendency to grouping 
0 the cells. Hematoxylin and eosin; X 157, 


j oi'w. The patient was then temporarily discharged to recover from the 
inat’ readmitted on Jan. 6, 1926, at which time a roentgen e.xam- 

the T ^ definite displacement of the trachea to the left at the level of 

pidmU.^'^ cervical and upper thoracic vertebrae. The patient’s condition was 
^ a Upical picture of tracheal obstruction in an extreme form. 

'■arioK operation was done to relieve the tracheal obstruction, the 

adenomJ’""°r?‘"'^ diagnoses recorded at that time being lymphosarcoma, Ivmph- 
'«'h exnb’; The gravity of the condition had been and was again 

'’"'c more "'ho "•'ece given to understand that we hoped for 

“T” shane?™^°'^^' ^ complete cure was out of the question. 

clavicle t^tTemh'"' T "’‘’‘'‘‘T 

''^nioniasto d mut e 1 T ' “ uP-ard along the posterior margin of the 

Q muscle. large mass of nodules was found deep in the neck, 
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intimately jointed witli the right lobe of tlic thyroid and displacing the trachea 
to the left. This mass was removed and dkscction carried downward underneath 
the clavicle, new growth being removed from about the common carotid artery 
and from above and beneath the subclavian vessels, and a mass of the growth 
was palpated in tlie mediastinum. ■ It was impossible to determine the size or the 
extent of the growth. The incision was closed after a small roll rubber drain 
was placed at the lower point. Convalescence was rather slow and stormy but 
satisfactory in that the patient was completely relieved from dyspnea, which did 
not recur until a short time before death nearly eighteen months later. 

On January 27, roentgen examination showed that the mass in the upper part 
of the right side of the chest was somewhat larger than on previous examinations. 
At the base of the right lung there was an area of increased density involving 
the lower third of the right lung field ; this was more dense in the mesial half. 
There was a well marked, smooth, upper border suggesting either pneumonia, or a 
presence of fluid, but it may have been a metastatic growth. 

The patient’s temperature record showed marked variations. At tlie time of 
the first admission the temperature was normal and continued so, save for an 
occasional slight rise after roentgen therapy, until on December 4 when, without 
apparent cause, it began to rise, reaching 104 F. within twenty-four hours and 
dropping back to normal within forty-eight hours. Again after the tonsillectomy 
on December 10, there was a second similar febrile period, which subsided more 
slowly. At the time of the second admission, the temperature varied between 
97.8 and 100.4 F. until after the operation on the neck, when it rose rapidly to 
105 F. and was accompanied by a fine, general scarlatinal rash which was of not 
more than twenty-four hours’ duration and was not followed by desquamation. 
The temperature, however, remained irregularly elevated for several days, sub- 
siding gradually to normal for the first time on January 26, fifteen days after 
the operation. 

After being discharged from the hospital, the patient was taken home, and 
letters from his parents reported him as playing actively and normally with his 
companions and being entirely relieved from his discomfort. 

On May 16, 1926, he was again seen and appeared the picture of health. 
There was no palpable recurrence at the site of operation but percussion showed 
diminished resonance in the right apex. The report of the roentgen e.xamination 
at that time was as follows ; 

“Plate examination of the chest shows a normal cardiac shadow. The dia- 
phragm is normal in outline and the bases are clear. There is a definite shadow 
in the upper mediastinum which blends with the cardiac shadow. This increased 
density extends upward and to the right with a clearcut border and involves the 
right apex. There is also apparently an increased densitj' in the neck on the 
right side. On the left the border of the heart blends wdth this mediastinal 
shadow which extends up to the level of the clavicle about 2 cm., to the left of 
the spine. When compared with the plate taken on Jan. 27, 1926, the shadow in 
the mediastinum shows no change. The increased density in the neck above the 
right clavicle is definitely less than it was at that time and the cloudiness at the 
right base has all disappeared. 

"Conclusion: Tumor of the mediastinum.’’ 

The observations and the prognosis were again carefully e.xplained to the 
parents, and permission, both verbal and written, was obtained for a necropsy 
when death occurred. 

In June, 1926, the parents reported that they were putting the child in the 
care of a physician of another town who “treated b\' colored light.” On April 2, 
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1927. the child seen b> Dr. Hagm and Dr. Grcgori of Miller. S I) . ^^hn trv.k 
a roentgenogram and contirmed our statement that the outlook was c\trenitl\ 
sra\e. although stating that at that time the cliild’s gtiieral coiulilioii u.is not 
LuteK serious The\ touiid a temperature of 100 4 1'. and 1.1001 kukocitcs and 
a blood smear showed some dcccncration of the red corpuscles hut no pndo uunn'-i 
ot hmpliocjtes 

In 2ila\. 1527. the patient's condition began to decline, and on Mas U' he wa'' 
seen b\ Dr C E Price of Orient, S D. At that time the parents assured 
Dr Price of permission for a nccropse. Shorth thereafter the patient deeeloiKd 
a general edema, marked ascites and a recurrence of dvspnea. Death occurred at 
6 p ni on June 3. 1927 The parents absoliitcU refused a postmortem cvamina- 
tioii, winch IS great!} to be regretted, for stud} of the mass m the midi.istuinm 
and that in the area of the lung would ha\c been most interestuii; .tiid doiihtliss 
e\ceedingli iiistriictn e 

Patiwlogu Data — Gross]}, the material rcmoecHl was of two kinds, one celluiar 
and triable containing scattered }cllowish pinpoint areas and the other gra.eisli 
white, rather uniforml} firm but elastic, each unit or nodule apparent!} hating .i 
thin coiering or capsule Tlie former proved to be thvroid and the hitter, neo- 
plasm On section, the tumor appeared to be made of a fine, closed} interlacing 
structure which was gra}ish white and firm A fibrous capsule was present and 
■aned from 1 to 2 mm in thickness 

The tumor was fixed in a diluted solution of formaldeli} de. U S P. (1 • UD. 
It was embedded in paraffin from which sections were cut and stained with hema- 
towhn and eosui. van Gieson's stain. Orlandi's modification of Rielschowskv's 
stiver method, thionin, Mallorv's phosphotuugstic acid and Weigert’s in}ehn- 
'beath stains 

On microscopic examination, the titmor was fairl} dense and consisted maml} 
ot an interlacing fibrous framework supporting some noiimcdullated nerve fibers 
Ganglion cells were rather evenlv distributed throughout the tumor mass The} 
ttsiialh occurred singK, though iii places the} were seen in groups (fig 2) Most 
of these cells were mature, but the} varied m siae coiisidcrabh. Some of them 
"ere multmucleated (fig 3), each nucleus having a distinct nucleolus In some 
of the cells, the nucleus appeared to be m a process of division while in others the 
I'uclei Were vvidelv separated The c}topIasm apparent!} was unaffected b} the 
""c ear division Xissl’s granules were distributed throughout the c.vtoplasm 
cch ^ tendenc} to greater densit} about the periplier} Main ot the 

^ ' were surrounded b} a definite nucleated capsule In sections stained b} 

^ fandis silver impregnation method, definite dendritic processes could be seen 
come from the cells (figs 5 and 61 These processes forked at varving dis 

I’ — ..t . . o 

fhg 31 
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Main of the cells had undergone cvstic degenerative changes 


neurohr were there “rosets” or undifferentiated cells suggesting 

which are occa'^ionalK associated with gaiighoiieuronias 

ORIGIX OF G\XGLIOXEUROAr\ 

^^l^ Perhaps the outstanding paper in English on the subject of neuro- 

InlttW is that by W'ahl,^ who gave a concise 

____J^gh review of the literature to 1914. We have drawn freely 

^‘'^^Tvpt'tW " Stud} of a Case Illustrating the 

-T> at Arise from the Svmpathetic S}stem. J :\I Research 30:205, 1914 
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telflllliS 

X^-ccV'’,!- single nucleus and a distinct nucleolus. Note the 

i\issl granules. Thionin; X 1 000 



F'g 5 — Ganglion cell with multiple dcndntcb. one of which dniclc' 'omo 
distance from the cell. Orlandi , X d50 
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on this paper for information in making a study of our case. He pointed 
out, in the light of Kohn’s work on the development of the sympathetic 
system, that “The embryonic sympathetic cells are not migrating pre- 
formed ganglion cells but are simple neurocytes formed in situ that 
have, locally, a different power of differentiation from elsewhere, in 
that they become differentiated on the one hand to ganglion cells, capsule 
cells, nerve fibers, and sheath cells and even glial cells, and on the other 
hand, to the chromaffine cells.” 

Simply stated, tumors of the sympathetic system arise from a cell 
rest, a mother cell called the neurocyte which has multipotential charac- 
teristics. The type or types of cells which characterize a tumor arising 
from the sympathetic nervous system depend, therefore, on the degree 
of differentiation to which the cells composing it have progressed. 


CLASSIFICATION 

Tumors arising from the sympathetic nervous sj^stem are divided 
into three main groups: (1) the neuroblastoma, (2) the ganglioneuroma 
and (3) the iiaraganglioma. The neuroblastoma is composed of 
undifferentiated cells and is malignant. These cells resemble lymphoid 
cells and are frequently arranged in rosets. The ganglioneuroma and 
paraganglioma are composed of highly differentiated cells and are 
benign. The former consists chiefly of ganglion cells, while the latter 
consists of cells having great affinity for the chrome salts similar to 
those of the medulla of the suprarenal gland. Between the undiffer- 
entiated cells of the neuroblastoma and the fully differentiated cells of 
the ganglioneuroma and paraganglioma there are cells in various stages 
of transition known as transitional cells. The genetic relation of the 
different nerve elements of which such tumors are composed is clearly 
expressed in the following scheme taken from Wahl.^ 


Neuroectoderm of the medullary tube. 


Sympathogonien (Poll). 

Neurocytes (Kohn) of the sympathetic system. 
“Bildungszellen” of the sympathetic system 
(Wiesel). 


Sympathetic svstem. 

I 

Sympathoblasten (Poll). 
(Transition cells.) 

Ganglion cells 
and 

Sheath cells. 


Peripheral glial cells 
(Held). 


Chromaffine system. 

I 

Pliaochromoblasten 

(Poll). 

Phaochromocytes 

(Poll). 

(Chromaffine cells.) 


This genetic relationship makes it eas}’- to understand the varied 
histologic picture which is frequently encountered in a single tumor. 



RlGGS-GOOD—GAXGUOXrd'ROM.i 

Two or more nerve elements frequently have been observed in a sin.qle 
case, and in the case presented by Wahl all three types of tumor ucie 
present. 

Asiirl. aged 2^ years, was markedly anemic and had liad ahdojninnl symptom'. 
for several months, with irregular temperature, ahd'imiiial <li'temii>ii and enlarge- 
ment ot the inguinal lymph nndes. On examinatiDii. an irrecul.ar firm .uid fixed 
mass was found in the umbilical region. The postmortem observations as they 
pertain to this case were; malignant neuroblastoma of tlie sympathetic system 
arising in the left suprarenal gland and celiac ple.xus with metastasis to the liter, 
lymph glands, kidneys and left suprarenal- gland ; g.iugiioncuroma anti p.ir.i- 
ganglioma of the left suprarenal gland. 


To indicate the occurrence of two or more types of cells in a 
tumor, Robertson,- in 1915, suggested a fourtli group. In this grouj). 
he placed tumors of group 1 in combination with either group 2 iw .5, or 
both. For example, the tumor in W ahl's case would he designaied 
ganglioparaganglioneuroblastoma and would be placed in grouj) 4, 

In the same year. Dunn " reviewed the literature on the stihject 
and grouped the tumors according to the region frfuti whicli tltey itati 
arisen He collected fifty-one cases, the tumors of which had taken 
their origin in the following regions: four in the cervical segment, five 
>n the thoracic segment, nineteen in the abdominal segment, eleven in 
the suprarenal gland, two in the subcutaneous tissue, four in the central 
nervous system and six in the joeripheral nerves. 

Reports of about sixty-five cases of ganglioneuroma are now 
recorded in the literature. Of this number, there are six cases which 
apparently have arisen intrathoracically ; there are three cases, including 
ours, which have involved both the neck and the thorax and there are 
three cases which have been reported as arising in the neck (tables 
1 and 2), 

Loretz^ is credited with having given the first description of gang- 
honeuroma and, incidentally, of one of the cases of intrathoracic 

Sanglioneuromas : 


"Oman, aged 35, was found unconscious and in convulsions. She died the 
and at autopsy, a smooth subpfeural tumor. 7.5 by 4.5 by 4.5 cm., was 
\ert'h'” thoracic cavity in the region of the second and third thoracic 

'^^0' Grossly it was composed of two layers. The outer layer was tight 
consisted of fibrous tissue, blood vessels and fatty tissue. The central layer 
mainlv”- Srayish and softer, resembling a section of the uterus. It consisted 
cdb ' nerve fibers in which there were rather typical ganglion 


Ganglioneuroblastom. ein besonderer Tvpus im 
3 d'^'^ -^«urome. Virchows Arch. f. path. Anat. 220:147. 1915. 

•h Path. &"Lct ^ 19 . 456 “ Ganglioneuroma of the Suprarenal Body. 

gangliosem Neuroni (GangHom). Virchows 
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The case reported by Martins'’ closely resembles the one reported 
by ns and is worthy of being recorded here : 

A boy, aged 2^4 years, had a tumor in the right side of the neck which dis- 
placed and compressed tlie trachea. He was operated on because of dyspnea. 
At operation, the tumor was found intimately associated with the right lobe of 


Tabli; 1 . — lulratJioracic Ganglioneuroma 


No. 

Author 

Tear 

Sex 

Age 

Site 

Sizo 

1 

Loretz, W.: VirchoMs 
Arch jf. path. Anat. 
4y:t35. 1870 

1870 


31 

Left thorax; 
scconit and third 
dorsal vertebrae 

7 bv 4 5 bj 4 5 cm 

2 

Borst, M.: Die Lehie 
von den Gcschvulsten, 
Munich, J. F. Bergmann, 
1902, rol 1, p. 241 

1902 

? 

9 

Left subpleural 

Child’s head 

3 

Bindfleish, B : Quoted 
bj Borst 

1902 


9 

-Angle of pall of 
rib and anterior 
circumference of 
spine 

9 

4 

Benda, C : A’erhandJ. d, 
deutseh path. Gesellsch. 

7 ; 2C6, 1904 

1904 

9 

CJiild 

Right side of neck 
and thora.x 

Apple 

5 

Fricdrieh, J.: Frank- 
furt. Ztschr f. Path. 

10 : 450, 1912 

1912 

p 

73 

.Sixth to eighth 
right thoracic 
t crtcbrae 

7 by 2 8 cm 

0 

Martius, K : Frank- 
furt Ztschr f Path. 

12 : 442, 1913 

1913 

M 

2% 

Right side of neck 
and thorax 

3 5 by 2 by 0 75 cm. 

7 

Tschistonitsch, F J.: 
ZentraJbJ. f Ctiir. 

:iS : 576, lOS 

1908 

F 

12 

Fourth to sixth 
Tight thoracic 
vertebrae 

Goose egg 

8 

Brunner, A.- Arch f. 
klm Chir 120 : 304, 

1924 

1924 

F 

19 

Second to ninth 
dorsal vertebrae; 
left thorax 

17 by 12 bj 8 cm 

Q 

Riggs and Good 

1928 

AI 

4 

Mediastinum and 
right side of neck 

Not determinable 


Table 2.- 

— Ganglioneuroma Arising in the Reek 


No 

Author 

Tear 

Sex 

Age 

Site 

Size 

1 

Glinski, S K . Deutsche 
med Wchnsclir. 32 : 

2044, 1900 

1906 

9 

10 

Deep in left side 
of neck 

9 by 6 5 cm 

2 

Woods. C S ■ Deutsche 
med Wchnsclir. 32 : 

2044, 1900 

1906 

M 

32 

Right carotid 
sheath 

9 by S by 4 cm 

3 

Freund, P ' Frankfurt 
Ztschr f Path. 13: 

2G0, 1913 

1913 

M • 

5% 

Right side of 
neck 

9 by 6 by 4 cm 


the tin roid from which it was thought to arise. The patient died a short time 
later. At autopsy, two masses of tumor were found. One was nodular and 
extended from the right side of the thymus downward and mediallj' to the right 
atrium, and surrounded the superior vena cava and main bronchus. This tumor 
mass contained undifferentiated and partly differentiated cells and was malignant. 
To the side and below, and somewhat separated from this mass, was a tumor 


5 !Martius, K. : Maligner Sjunpathoblastentumor des Halssympafhikus teil- 
weise ausdifferenziert zu gutartigem Ganglioneurom, Frankfurt. Ztschr. f. Patli. 
12:442. 1913. 



RICGS-GOOD-GAXC.UOXliVliOMA 




occupying the angle formed by the first ami second ribs with the spim- 

3.5 bv 2 by 0.75 cm., smooth and firm and resembled a myoma. I be uinior 

was imposed of well differentiated ganglion cells ami nonmedullated nerve fibers. 

It was considered benign. It was thought that the two massc.s ot tumor lia.l a 
common origin in the sympathetic nervous system, and that they di^crcd oiiK 
in degree of differentiation. As the sympathetic system trom the nndcervical to 
the first thoracic was intimately involved in the tumor, it was considered to have 
arisen in this region. 

In 1924, Brunner ® reported a case : 

A girl, aged 19. for a period of two months previous to coming niider hiv cure, 
had had oppressive pain in the back and left side when lying down. Hecame "i 
the pain, she could lie down only half an hour at a time. She obtained immediate 
relief on sitting up. Various diagnoses had been made, the fiii.al one being iiur.'i- 
thoracic dermoid cyst. On examination, the patient was ioiiiid to lie of medium 
size. From the upper border of the scapula down to nhmit the teiub dorsal vertebra 
there was almost complete duliiess. and over which the hrenth sounds were 
diminished. 

Roentgen and fluoroscopic examination showed a nonpulsile shadow, the size 
oi a child's head, extending from the second to the ninth dorsal vcriehra on the 
left. It was in close relationship to the spine. The anterior mediastiiiinn was clear. 

The patient was operated on by Sauerbrueb. A paravertebral incision was 
made, and several ribs were resected over the mass, K.xplorntion revealed a 
smooth, firm, round tumor slightly adherent to the pleura and markedly adherent 
around the aorta. The tumor arose from the posterior mediastinum, pushing the 
lung ahead of it. No attempt was made to remove the tumor at this stage. The 
cut edges of the pleura, however, were stitched to the tumor mass. .Nt a later 
date, a second stage operation was done, at which time the tumor was removed 
inth great difficulty. The patient had a stormy convalescence, developing a sterile 
™tpyema and finally a necrosis of the left lung which sloughed away entirely. 
This was thought to have been due to tying of the bronchial artery at the time 
0 the operation. Several operations were done to relieve the symptoms arising 
trom the complications. Incidentally, the patient developed club fingers, but tlie 

^othor pointed out that this was due not to the tumor but to the complications 
m the lungs. 

53 specimen measured 17 by 12 by 8 cm. and was lobulated. The sur- 

section had a silky sheen and was grayish white. The tumor had 
c mte capsule, and connective tissue septums could be seen. 

^ttraor was composed of nerve fibers, the nonmedullated 
ganglion "'ere collections of rather normal-appearing 
'vhole°'^ them, however, had undergone cystic degeneration. The 

'fas supported by a structure of wide-meshed connective tissue. - 

arising in the cervical segment have been removed 
two cases, those reported by Ghnski ^ and Freund.® 

''oneuroi^^eT D'e erfolgreiche operative Entfernung eines grossen Gang- 
7. GlinsV sT" Arch. f. klin. Chir. 129:364. 1924. 

1906. " '■ Ganglioneurom. abstr., Deutsche med. Wchnschr. 32:2044. 

Ztschr. rpath.^l3:2^6" Hals-sympathikus. Frankfurt. 
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Freund’s case was that of a boy about 6 years of age who had had 
a tumor in the right side of the neck for a year. He developed dyspnea 
three days before admission to the hospital. Operations in both instances 
were apparently successful. 

SUMMARY 

A case of ganglioneuroma arising from the thoracic or the cervical 
segments of the sympathetic system is reported. 

The patient was a boy 4 3 'ears of age. The duration of the tumor 
was twenty-two months ; that of the acute symptoms, three months. 
Operation was performed for relief of the tracheal obstruction; the 
complete removal of the growth was not possible. Complete relief was 
obtained for sixteen months. Death followed one month after the 
recurrence of s 3 nnptoms. 

Pathologically, the tumor showed typical ganglion cells in a bed 
of nonmedullated nerve fibers, some ganglion cells showing C 3 "stic 
degeneration. 



VARIATIONS IN 


THE ENTRAHEPATIC 
TRACT * 


P.ILIARV 


MEREDITH G. REAVER. .M.D. 
Fellow in Surgery. Tlie Mayo Fouiulation 
ROCHESTER, MINK. 


The frequent recourse to surgery for disturbance.^: in llic function 
of the extrahepatic biliary tract makes imperative e.xact knowledge iint 
only of the nonnal distribution of the bile ducts but of the variations 
occasionally encountered in this system. 

The literature contains frequent references to this fact, and many 
cases are reported of injuries to the biliary tract during oiieration on 
subjects in whom the arrangement of the bile ducts was atypical. 
Jacobson ^ reported a case in which he severed the common bile duct 
during an operation for gallstones, because the cystic duct paralleled 
the hepatic duct for some -distance. Many instances of similar 
accidents have been reported. Werelius - and Ginsbnrg and Speese ’ 
reported cases in which transection of the common duct had been caused 
entirely by an anomalous arrangement of the ducts. Stetten ■* reported 
a case in which the hepatic duct was divided instead of the cystic duct 
because of the parallel arrangement of the two. 

Ruge ^ described the various forms of the biliary tract and classified 
them under three main types. The first type consisted solely of the 
normal angular mode of union of the cystic duct with the hepatic duct. 
The second type of anomaly included those in which the cystic duct 
paralleled, for a certain distance, the choledochns. The third type 
included the two arrangements of the cystic duct in which, instead of 
leading directly into the right side of the hepatic duct, it wound around 
k. either anteriorly or posteriorly. Eisendrath “ (1918 and 1920) 


^Submitted for publication, Oct. 16, 1928. 

Mork done in the Department of Patholog\-, University of Oregon, 
ni '• J- H.: Repair and Reconstruction of the Bile Ducts, Am. T. 

e>fst. S: Gynec. 70 : 9 - 10 , 1914 . 

--Accidental Surgical Injuries to the Bile Ducts with 
port ot a Case. J. A. M. A. 68:1545 (May 26) 1917. 

of the and Speese, John; Autogenous Fascial Reconstruction 

rre Me Duct. Ann. Surg. 65:79, 1917. 

die HenS; ' -Anomalous Relations of the Cystic Duct or Gallbladder 

- P Duct. S. Clm. North America 3:539, 1923. 

^ A«?dVVVr'^"T'” 

Tl'e Clinical 1 !! . T -A- AI. A. 71:864 (Sept. 14) 1918- 

1.182:5^3 iS Anomalies in Biliary Surgery, Boston 
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presented a study of 100 cases in which the variations in the biliary 
tract and their relations to the vascular system were discussed. He 
described each type of variation and specifically stated its significance 
in relation to accidents during operation. Flint " described two cases, 
noted clinically, of variations in the distribution of the biliary tract. 
In one, an accessor}^ C 3 '’Stic duct was encountered during operation for 
gallstones ; in the other, in which operation for cholec 3 ^stitis was carried 
out, the cystic duct paralleled the choledochus for its entire length and 
emptied directl 3 '^ and independently into the duodenum. In an embr 3 ' 0 - 
logic and comparative stud 3 '^ of aberrant biliary vesicles in man and 
other mammals, IBo 3 'den ^ presented valuable data concerning the 
frequency with which duplication of the gallbladder may be encountered. 
In studies on 10,000 domestic animals and reports on 19,000 cadavers 
and patients in hospitals, the incidence varies somewhat as follows : 
once in 8 cats ; once in 28 calves ; once in 85 sheep ; once in 198 pigs, 
and once in from 3,000 to 4,000 human beings. Accordingh’’, such 
duplication of the biliar 3 ' vesicle appears to be relatively rare in man. 

A variation from the usual distribution of the biliary ducts, however, 
is common. Therefore, since cholecystectomy is now more common 
than simple drainage of the gallbladder, a clear understanding of the 
more common variations in the distribution of the bile ducts is 
imperative. 

DATA OBTAINED DURING DISSECTION OF CADAVERS 

In this report, I wish to present the data which were accumulated 
during careful dissections of fifty-seven cadavers. The material for 
these dissections was obtained from necropsies performed for the 
coroner in Portland, Oregon, and the study was made in the laboratories 
of the Department of Patholog 3 % the Universit 3 '^ of Oregon Medical 
School. 

The extrahepatic tracts of the fifty-seven subjects which came under 
my observation in this study fall into four rather distinct groups. I 
was able to demonstrate the three types of distribution as described 
b 3 '' Ruge and in general to confirm his observations as to the frequency 
of these variations.. The first group of cases, those in which the angular 
mode of union maintains between the C 3 '’stic and hepatic ducts constituted 
58 per cent of all the dissections (fig. 1 a). 

I have subdivided Ruge’s second group of variations, those in which 
the C3'stic duct coursed parallel to the common bile duct, Iw arbitrarily 

7. Flint, E. R. : Gallstones Associated with .Anomaly or Injury of Bile 
Ducts, Brit. M. J. 1:995, 1924. 

8. Boyden, E. A.; The Accessory Gallbladder; an Embryological and Com- 
parative Study of Aberrant Biliary Vesicles Occurring in Man and the Domestic 
Mammals. Am. J. .Anat. 38:177, 1926. 
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classifying the cystic ducts into two groups on the I)asis of their lengtli. 
Furthennore, although the two ducts concerned are hound together in 
a fibrous union, their lumens are separate. Therefore, it .'>eems better 
to speak of the cystic duct as running parallel to the hepatic duct 
and not to the common duct. I have designated the cystic duct.s which 


Right hepatic duct 


Right hepahe duct 



Left hepatic 
duct 


Right hepatic duct 


Left 

hepatic 

duct 




-jft ‘hepatic 
duct 


Hepatic 

duct 


Right hepatic duct 


Left hepatic 
duct 


Cystic di 
Duodenui 



Hepatic duct 


Cystic du^ 


Common 


e.xtend farther.' to litliin 1^’ r designated the ducts 
'°ng parallel tvne V?. t of Vater as 



324 


ARCIllFES OP SURGERY 


series, 26.3 per cent of the ducts were of the short parallel type and 
7 per cent were of tlic long parallel type, fl'he dcla 3 'ed juncture of 
the cystic and hepatic ducts, as in thc.se variations, results in a greatly 
lengthened cystic duct and a relatively short common bile duct. In 
these aberrant cystic ducts, however, the valves were restricted to the 



hepatic duct emptying iitto the cystic duct. 

normal site, for the renmining portion parallel to the hejiatic duct was 
invariably patent throughout. 

Of all the cases that came under my observation, 12.3 ])er cent 
could be placed in Ruge’s third group, the grou]) which includes the 
anterior and the posterior cvstic ducts. In these variations the cystic 



BEArER-EXTRAIIEPATlC niUARV TRACT 3_.'' 

duct parses either anteriorly or posteriorly around the hepatic duct, 
describing from a quarter to a full turn around it. In my senes / per 
cent of the cases %Yere of this anterior spiral variation (hg. 1 d) ami 
5.3 per cent were of the posterior spiral type (fig. 2 u). 

To these three main tt’pes of anomalies, I have added a fourth, 
which includes variations in the distribution of accessory dticts. 1 lie 
first of these is an accessory hepatic duct which course.s from tlie liver 
at the extreme right of the portal fissure and emjities into the cxtr.a 
hepatic biliar}* tract anywhere between the point of confiticnce of the 
right and left hepatic ducts and the orifice of the cystic duct (fig. 2 b). 
This particular type of accessory hepatic duct has been hitherU' 
described, but these accessory ducts have been found in the right side 
of the liver only. In my series a second accessory variation was occa- 
sionally encountered (fig. 2 c). This duct leaves the liver at the left 
of the portal fissure and empties into the left hepatic duct before the 
latter joins the right hepatic duct to form the main hepatic bile duct. 
As far as I have been able to detennine, this left accessory hepatic 
duct has never been described before, .\ccessory hepatic ducts, both 
right and left, were encountered in 3.5 per cent of all subjects examined. 

Furthennore. an additional type of accessory duct was encountered 
in 5.3 per cent of all cases. This duct leaves the liver on the right 
side of the portal fissure and enters into the cystic duct, instead of 
into the hepatic duct, just above the confluence of the cystic duct with 
the hepatic duct (fig. 2 d). 


SCMM.-VRY .VXD COXCLUSIOXS 

1. The normal angular mode of juncture of the cystic duct with the 
hepatic duct, as described in textbooks of anatomy, occurred in only a 
little more than half of the cases (58 per cent). 

2. The long and short parallel types of cystic duct occur in more 
than a third of the cases and. as is shown by the literature, is perhaps 
t e most common cause of accidents in biliar}- surgery. In such cases, 

I ’ere is a marked increase in the length of the cystic duct and a cor- 
responding decrease in that of the common bile duct. The cystic duct 
and the hepatic duct are so intimately bound together by fibrous tissue 
I lat they are absolutely inseparable and thus appear as a single duct ; 
an\ rough manipulation may tear the thin septum which exists between 
folia •• portion of a cystic duct of this type which remains 

nrolnlT^ cliolecystectomy may dilate and form a new gallbladder, 

t of symptoms. The cystic duct does not con- 
duct Tl'"' T the hepatic 

- rie. and the long parallel type in 7 per cent. 
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3. The anterior and posterior spiral varieties comprised 12 per cent 
of this^eries. Tlie length in the anterior spiral variety conforms closely 
to the normal ; in the posterior spiral variety the cystic duct is markedly 
lengthened, and the hepatic and common ducts remain about normal. 
It has been recorded that strong traction on the gallbladder is much 
more likely to tear off a spiral cystic duct than a duct with a normal 
arrangement. 

4. Accessory hepatic ducts occurred in five cases, or 8.7 per cent 
of this series. Four of these were accessory right hepatic ducts, three 
of which were also accessory to the C 3 'stic duct. In one case there 
was an accessory left hepatic duct. The length and diameter of the 
accessory ducts corresponded closely to the normal cystic duct. 
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KIDXEY 


Surgical Tcclinic . — Deming ‘ reported a study to determine the 
treedom of incisions about the pelvis and the relative .significance of 
the adjacent A*essels which might be cut or ligated accidentally or ]nir- 
posely. He observed that following elongation of the pyelotomy incision 
straight on to the kidney and to the lower pole the renal circulation is 
not impaired if the retropelvic vessels are conserved. Angulated inci- 
sions cause definite shrinkage of the kidney. The incision of choice is 
the elongated incision to the lower pole near the median line. The 
suture of the wound in the kidney should not include an}' of the larger 
^Ossels. Ligation of the retropelvic vessels causes considerable renal 
injury which is not easily repaired in a few months' time. 

— ^ilartin - stated that tumors of the kidney fall into three 
groups, the chief of which consists of growths arising in the renal 
epuheliuin. Tumors of connectWe tissue origin are represented bv sar- 
coma, and the third group is that of the mixed tumor. 

Epithelial tumors may originate from three types of epithelium, 
rom the epithelium of the renal tubules, adenomas and carcinomas 
Hie. Papillomas and papillary tumors spring from the epithelium 
uimg the pelvis and calices. The hypernephroma, or third type, arises 
o'n suprarenal rests included in the kidney during development. 


’Submitted for publication, May 10, 1929. 

tion/of p!1w t'L Circulation Following Various Types of Elonga- 

^ V ' ■ J- Urol. 20:713, 1928. 

I92S. ^ Uumors of the Kidney, Brit. J. Surg. 16, suppl. no. 13:297, 
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Small adenomas not infrequently occur in the cortex of sclerotic 
kidneys. A single adenoma may arise in an otherwise normal kidney 
and grow so as to form a clinically recognizable tumor. Adenoma of 
the kidney, although originally benign, may become malignant. 

Carcinoma of the substance of the kidney is more common in men 
than in women and is not especially associated with the presence of 
calculus. Grossly, the tumor may appear as a solid, white, infiltrating 
growth, which destroys and replaces the kidney without appreciably 
altering either its size or shape. Microscopically, this tumor is fre- 
quently a tubular adenocarcinoma, which reproduces the appearance of 
renal tubules. 

The most common form of malignant disease of the kidney is a 
lobulated and encapsulated adenoma which is yellow or orange and 
which is often broken up by areas of necrosis and hemorrhage, as well 
as by the fibrous intersections between its lobules. Microscopically, a 
hypernephroma is composed of columns of large polyhedral cells, sep- 
arated from one another by delicate connective tissue carrying thin- 
walled capillaries. The cells have a clear protoplasm containing fat. 
Parts of the tumor frequently show a compressed papillary arrangement 
of the cells in the columns. An exact line of demarcation between the 
hypernephroma and the papillary carcinoma has not been drawn. 

Mixed tumors present a characteristic picture. They occur within 
the first three }"ears of life, grow rapidly to a large size, and are uni- 
formly fatal. In the early stage they are solid, opaque white, and 
clearly separated from the substance of the kidney. As they increase 
in size they may become cystic, and areas of necrosis and hemorrhage 
may develop. The microscopic structure is that of spindle cells in which 
are embedded imperfect tubules of columnar epitbelium. Tracts of 
smooth or striated muscle are common, and other mesoblastic tissues, 
such as cartilage and elastic tissue, are sometimes represented. 

Papilloma is a simple tumor with a marked tendency to recur and 
to take on malignant characteristics. Obstruction of the ureter by these 
tumors may cause hydronephrosis. Microscopically and grossly, the pap- 
illary character of the growth is confined to the surface. In the deeper 
part of the malignant tumors which infiltrate the kidney, the carcinoma 
is diffuse. 

Sarcoma rarely occurs in the kidney in adult life. 

A case of cystic adenoma of the kidne}'^ is reported. A large part 
of the kidney was occupied by an almost spiierical tumor, which was 
composed of Iirownish material and which had been l)roken up by 
hemorrhage and necrosis. The growth was confined within a fibrous 
capsule and microscopically was an adenoma. 

In a second case of adenoma of the kidney, the gross structure 
markedly resembled a polycystic kidney. The upper half of the kidney 
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was apparently nomial. The renal capsule enclosed tlie .urowlli. winch 
was sharply demarcated from the substance of the kidney. 1 he tumor 
was composed of cysts of various sizes, the largest lieing about G cm. 
in diameter, and the smallest almost microscopic in size. 

Another interesting case is that of a papillary carcinoma occurring 
in one of the calices in a hydronephrotic kidney. The pelvis and calicos 
were distended, and the renal tissue was greatly reduced. Tlie growth 
occupied one of the lower calices, had inliltr.ated the surrounding sub- 
stance of the kidney, and was visible on the surface of the organ, 
^vlicroscopic examination disclosed squamous cell carcinoma. 

Deming^ reported a case of sarcoma of the kidney in a hoy. aged 
29 days. Nephrectomy was performed under local anesthesia. 'J'he 
tumor was so large that approach was made through an incision in the 
right rectus muscle extending from the costal margin to the jielvis. 
The muscles were separated and the peritoneum was opened, exposing 
the timior which extended from the liver above, being ovcrlajijied by 
it. to the pelvis below and to the umbilicus mesially. It was adherent 
above to the liver and the gallbladder, mesially to the ascending cohm, 
and at its lower pole to the cecum and appendix. The adhesions were 
carefully freed, and the tumor was mobilized. But, as it was other- 
wise impossible to demonstrate the pedicle, the cyst was tapped, and 
about 100 cc. of blood and gelatinous fluid was aspirated. The pedicle 
was then clamped and ligated. The wound was closed in layers, with 
a small mbber tissue drain inserted at the lower angle. The patient 
withstood the procedure well, manifesting shock only when the pedicle 
"as being held tense. He recovered readily from the operation and 
"as well six and a half years later. Pathologic diagnosis was con- 
genital spindle cell sarcoma of the kidnev. 


[Compilers Note: The rarity of complete cure of sarcoma of the 
kidney in a young child makes this case of interest. The majoritv of 
rases of tumors of the kidney occurs in the first two years of life. 

arel\ is one seen and the patient operated on at such an earlv stage 
as t lat reported by Deming. Tumors are generally confined by the renal 
“Psule. They may occur in any part of the kidney and’ generally 
in\o\e the entire organ. iMetastasis is uncommon and ivhen it does 
occur is generally in the late stages. If metastasis or local extension has 
often followed by a rapidly fatal outcome. 
onN prolongs life and offers the patient the 

tali’tv improvement. Earlier writers agree on the high mor- 

methods of surgical approach, improved asepsis, and at 
- I nnce o the peritoneal cavitr* have in most instances greatly 


3. Deming. C. L. : 
-G\ 1028, 


Sarcoma of Kidney; Cured, New England J. yied. 199: 
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reduced the older mortality figures, but definite cures, such as the one 
cited here, are few.] 

Beer-* found it necessary to perform nephrectomy in 18 per cent 
of 271 cases of stone in the Icidne}'^ in -which renal tissue was destroyed. 
Pyelotomy, with or without nephrotomy, was the procedure of choice 
in the remainder of the cases. In 29 of the last 38 cases, he performed 
pyelolithotomy and in 1, wide nephrolithotomy. The increased use of 
pyelolithotomy was due to the fact that it sa-ces the parenchyma of the 
kidney and assures complete removal of all calculous material. It may 
also be used in cases of complicated stones. 

If the kidney cannot be delivered and it is necessary to perform 
nephrotomy, Beer performed a bloodless operation by placing a rubber 
tourniquet around the pedicle. In all cases he followed the principles 
of constricting the ureter to prevent fi'agments from falling into it and 
of having the roentgenograms of the kidney developed immediately after 
removal of the stones. In about fifteen cases of stones of complicated 
shape, fragments were still present but were easily located and removed. 

Randall ® stated that there are three prevailing theories regarding 
the etiology of formation of stone. The first is the action of specific 
bacteria. The second is based on colloidal chemistry, beginning with 
the facts that calculi result from an abnormal type of cr 3 'stalline pre- 
cipitation, that normal urine holds water-insoluble crystalloids in solu- 
tion because of the presence of protective colloids, that hydrogen ion 
concentration affects this solution, and that the colloidal matter in 
solution modifies the morphology of crystalline precipitates. Basing his 
experiment on these factors, Keyser produced calculi by disturbing the 
urinary colloidal balance. He concluded that this disturbance may be 
due to quantitative changes in the colloids normally present, or to the 
entrance of abnormal colloids into the urine, either from the blood 
stream or as products of local renal disease. The frequency of forma- 
tion of stones in animals having a diet deficient in vitamin A is the basis 
for the third theory. Such calculi consist essentially of the character- 
istic insoluble phosphates of calcium and magnesium, and treatment by 
dietar}" measures has resulted in the successful disappearance of these 
stones. 

In from 3 to 81 per cent of the cases, the nucleus of stones was 
composed of urates and uric acid. Oxalates were present in ratios from 
5 to 66 per cent. 

Randall expressed the belief that vesical calculi are uniformly 
secondar\" formations to foreign bodies, to vesical obstructions causing 

4. Beer, Edwin : Bermerkungen fiber die Tccknic der operativen Entfernung 
von Xierensteinen, Ztschr. f. urol. Cliir. 24:601, 1928. 

5. Randall, .A.lexander ; Rapidity of Growtii of Urinary Calculi, Atlantic 
.\[. J. 31:937, 1928. 
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residual urine, to vesical diverticula, to renal lesions and to descenditr;.^ 
stones. Incomplete prostatic operation which prevents complete empl.' ' 
ing of the bladder often predisposes to secondary formation ot stone.s. 

It is recognized that phosphatic stones grow more rapidly than others 
and that their growth is markedly innuenced by the jiresence ot a 
foreign body or alkaline cystitis. 

Randall reported the growth of a stone in one of his patients who 
had taken some pills containing methylene blue (methyltbionine cbloriflc. 

U. S. P.) for urinarj- trouble. At operation three years later, two 
calculi measuring 3 by 2.5 by 1.5 cm. were removed. On section, each 
appeared to be formed of pure ammonium urate t the laminae in the early 
growths were stained green, showing a growth of 2 cm. in the three 
year inten-al. In another of Randall's cases three stones were removed 
from the bladder, the largest measuring 4 by 3 by 2 cm. I he growth, 
in eighteen months, was due to alkaline cystitis and a contracted vesical 
orifice. In a museum is displayed a string of four calculi, the largest 
measuring 3 by 3 by 2 cm., all adherent to a linen thread, which probably 
had been misapplied during herniotomy five months before. 

Xay“ stated that renal stones should be considered recurrent only 
when proved not to have been overlooked. He e.vpressed the belief 
that infection is the cause of calculi in a large number of cases. 
Preoperative treatment should consist of removal of the focal infection. 
It possible, and treatment of the kidney. Postoperative treatment is 
important because it helps to reduce the recurrence of stones by leaving 
the patient with a good uninfected kidney. 

Herhst, in discussing the recurrence of stone in the kidney, con- 
sidered that focal infections play only a small part in the cause and 
recurrence of lithiasis. It is his belief that renal retention and infec- 
tion are the important factors in the production and reappearance of 
renal calculi, and that the correction of these conditions following 
removal will reduce the number of recurrences. 

illattes • stated that urolithiasis is considered of rare occurrence in 
the rolored race. In 1913, Pfister reviewed the literature and noted 
particularly the occurrence of renal stone in the colored people of Africa. 
Duth .America and the German colonies. He obseiwed that the appear- 
ance of calculi depends on the locality, the soil and the water, and that 
m some regions it is almost unknown. Pfister stated the belief that if 
le examination of the two races was equally thorough, stone would be 
show colored as in the white race. jMattes' figures 

194 colored persons with stone to seven white in 

1925 he noted a ratio of one colored to five white persons. 


t Matief ?■' Recurrent Renal Calculi, J. Urol. 20:553, 19^8 

Zuch^ f ‘ 1 Colored, South. M. J. 20:941 1957- 

•^■tschr. urol. Chir. 24:408. 1928. ’ 
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VValthers stated that formation of stone in the negro was rare and 
tliat he had seen few cases. IDuring a period of ten to twelve years in 
a lio.spital for the colored, Righton never observed stones although many 
roentgen examinations were made. Hayes did not observe a single case 
in three years. Many other urologists, among them Kelly, who sees 
a great many negro patients, report similar exj)eriences. 

Ray ® stated that urinary calculi commonly consist of certain sub- 
stances insoluble in water and urine. Ci^^stals of these substances are 
sometimes found in normal urine, but they are generally isolated and 
single. Tliese particles may be held in solution, may deposit a fine 
sediment, or ma}' form calculi, and are brought about by colloidal sub- 
stance. Ray believed that the absence of colloids in the urine is brought 
about by certain pathologic conditions within the kidney, due either to 
local disease or to outside influences reacting on the organ. 

Billington " attempted to assess the value of the results of nephro- 
pexy. He considered it from two aspects; (1) the surgical success of 
the operation permanently replacing the kidneys in their normal position 
without unsatisfactory sequelae, such as pain in the loin or back, hernia 
of the wound and persistent sinus, and (2) its therapeutic value in 
curing or ameliorating the symptoms for which it is performed. At first 
the results were not satisfactoiy. In a large ])ercentage of cases the 
operation failed to cure the abnormal mobility of the kidneys, and they 
were found loose again as soon as active life was resumed. Many o])era- 
tions fixed the kidney to the muscles of the back at too low a level, with 
the result that pain in the back was common and at times hydronephrosis 
developed. 'J'he use of silk and other nonabsorbable suture materials 
was followed by persistent sinuses, and extensive injury to the muscles 
of the loin led to a feeling of weak'ness and hernia. A further and 
common cause of failure is the incomplete character of the operation. 
One kidney only is replaced, while the other one, which may also be 
mobile, and a possibly diseased appendix are left untreated. Only when 
the surgeon is satisfied that both kidneys are in a normal position and 
that associated or secondaiy abdominal lesions way have been excluded 
or treated can success be claimed. 

Billington bas j^erformed nephropexv on 1,500 patients, and it has 
been his object to replace both kidneys, if necessary, and to make sure 
that intra-abdominal lesions were not left undetected and untreated. 1 he 
surgical results were .satisfactoiy; in not a single instance has be found 
a kidney loose again. Of 163 patients who were traced, 71 (43.6 per 
cent) reported that the operation was successful, 41 (25 per cent) 

8. Ray, D. P.: litiolngy of Urinary Calculi, Atlantic itf. J. 31:93-1, 1928. 

9. llilliiipton, ^^'ilIi.^ln ; TIic Tlierapciitic Value of Nepliropc.xy, Brit. l^f. J. 
2:97.=;. 1928. 
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reported that it was partially successful, usually iuchcaliu.u relief uf reu.il 
sniiptoms but not all associated syniptoius. and .=11 (.>1.4 ])er cent) 

reported failure. 

PycIoucphntis.—'LtComte discussed the anatomic chau,t,'es brought 
about by pregnancy and their iutlueuce on renal drainage. It is a well- 
established principle of urinary lesions that any obstrucliou nill .‘■ooucr 
or later cause infection; its duration will depend on the degree ol 
obstruction, and the extent of injury will depend on the length of time 
it is permitted to act. A second principle is that the hazard to the 
integrit}' of the kidney is in proportion to the distance that the obstruc- 
tion occurs from it. Frequent painful urination and jiyuria should be 
considered as indications of a possible serious infection ol the kidney. 

During pregnancy, the form of the urinary organs is changed and 
function is disturbed by the enlarging uterus. The urethra is elongated 
early and the bladder is soon compressed and drawn upward, so that 
by the third month it becomes an abdominal organ. Functionally, ihe^e 
changes lead to frequency and residual urine, with the common setjucnce 
of bacteriuria and inflammation. Sluggish peristalsis was noted in SO 
of 1(X) normal pregnant women on whom cytoscojw was performed. 
The abdominal ureter and renal pelvis are commonly found dilated 
during pregnancy. Varying degrees of dilatation were noted in all 
normal pregnant and parturient women who were submitted to pyclog- 
raphy; all presented symptoms of renal pain, or infection was present. 

hile changes are taking place in the lower tract, the ureters and renal 
pelves are being slowly dilated by the intermittent obstruction afforded 
b) the enlarged uterus. In some cases, due to the patient’s high resis- 
tance or the absence of bacteria specific for the tissues at hand, the 
process stops; in others, inflammation results. Occasionally a vicious 
circle is established, the bladder becoming infected and the kidneys 
lecoming reinfected from the bladder, this infection occurring either 
Iroin the blood stream or ascending along the lymphatics of the ureter, 
t these changes occur early in pregnancy and are not relieved by treat- 
iiient. the fetus usually dies from the infectious toxemia and the uterus 
empties spontaneouslv. 

LeComte stated the belief that the greatest aid in the recoverv of an 
to ected kidney is the establishment of free drainage. During preg- 
iiancr. this may be brought about independent of whatever treatment is 

S'be/!!^ ^ treatment, rest 

lie on febrile inten'als is indicated, and the patient should 

relievo if ^PP^site that infected as much as possible, in order to 
p ressure of the uterus on the ureter by gravitv-. 

Pregnancy, Virginia 
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Duncan and Seng “ reported a survey of the protective mechanism 
of the urinary tract of healthy pregnant and puerperal women. They 
observed that physiologic forces external to the ureter cause obstruction 
to ureteral and renal drainage in pregnancy, which is relieved almost 
immediately on termination of gestation. Right-sided ureteral dilata- 
tion is constantly present; hydronephrosis on the right occurs only 
slightly less frequently. The left ureter and renal pelvis escape this 
dilatation in a high percentage of cases. Bilateral hydro-ureter and 
hydronephrosis were of common occurrence, and were apparent earlier, 
more frequentl)'- and in more marked degree in the multipara than in 
the primipara. 

Stasis, as measured by inability of the renal pelvis and ureters to 
empty themselves within the normal time limits, is definitely and almost 
universally observed in women before delivery. It is still persistent in 
a less degree over a prolonged period after delivery. 

Duncan and Seng demonstrated an unexpected amount of pus and 
coliform organisms in specimens from the bladder and kidney of sup- 
posedly healthy pregnant women and in women after delivery. They 
concluded that every pregnant woman has some degree of obstruction, 
definite dilatation of the ureters and renal pelves, and well defined stasis 
continuing over a long period. They further demonstrated that in the 
apparently healthy pregnant and puerperal patients there is a probable 
renal complication, the presence of pus and coliform organisms. The 
line of demarcation between the physiologic and pathologic conditions in 
these cases is fine. These authors expressed the belief that these women 
are all subjects for potential pyelitis. 

Blanton stated that pyelitis is the most common urologic distur- 
bance found during early life. It may arise as a primary infection but 
usually follows some other acute infection, such as tonsillitis, bronchitis 
or pneumonia. As a primary disease it is usually present during the 
early months of life, and mainly in girls, as a result of the proximity of 
the urethral opening and the anus and also of the short urethra in the 
female. It is caused chiefly by the colon bacillus and tends to be an 
ascending infection, the bacilli traveling up through the urethra and 
bladder to the pelvis of the kidney by way of the ureter or lymphatics. 
It may also be due to direct extension of infection from some nearby 
organ, such as the appendix or other portion of the intestinal tract. 
When it results from a hematogenous infection, the causative organisms 
are carried from some distant focus to the reinal pelvis, where inflam- 
mation occurs. An)' obstruction to the urinary flow from the kidney 

11. Duncan, J. W., and Seng, At. I.: Factors Predisposing to Pyelitis in 
Pregnancy, Am. J. Obst. & Gynec. 16;557, 1928. 

12. Blanton, J. L. : Pvelitis of Infancy and Childhood, Virginia M. Monthly 
55:479, 1928. 
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predisposes to infection. The common causative orgatiisms in their 
Ler of frequency, are the colon bacillus, Stath'^ocoa-.s albus and 
Staphylococcus aureus, the streptococcus, the typhoid bacillus, the 

pneumococcus and Bacillus pyocyaucus. 

The acute fonn of pyelitis is characterized by sudden onset. Ire- 
quently with a chill, followed by high fever and sweating. Chrome 
pyelitis may follow the acute form, or it may arise as a complication oi 
some other disease and pass unrecognized unless discovered by tiri- 
nal 3 ’sis. It mav exist for months or even years without causing tvpic.d 
symptoms. 

Alkalis or antiseptics iua\' be used in the treatment for acute pyelitis. 
The alkaline treatment is indicated in those cases in which the urine is 
acid, small in quantity and full of pus cells. Sottte alkaline diuretic, 
such as potassium citrate or acetate, or a combination of alkaline 
diuretics, should be used and fluids forced. 1 f tbe pyuria is not cleared 
up promptly by this method. Blanton uses the antiseptic treatment, 
which tends to make the urine sterile. The common antiseptic used is 
hexamethylenamine or metbenamine. He considers the cylosco])e an 
aid in the treatment of many patients, even young children. The attempt 
should be made to eliminate all obstruction to the urinary How and to 
treat the condition locally by means of lavage with antiseptic solutions ; 
this is often successful when medical treatment fails. 

Tuberculosis . — Greifenstein and Kehl reported forty -three nephrec- 

tomies for renal tuberculosis performed at the surgical clinic of the 
University ot ilarburg between 1891 and 1923. A follow-up study 
was possible in fort)’ -one cases. The period of operative mortality 
e.xtended from one to six months. In a second danger period of from 
one to three years, deaths caused by tuberculous complication occurred. 
Thirteen patients died. This high mortality was due to the primitive 
diagnoses and treatment of the earlier period. Histologic studies fre- 
quently disclosed bilateral renal tuberculosis when clinical proof was 
ac ’ing. The mode of infection of the second kidney was the same 
as that of the first, namely, hematogenous. Infection by the urinary 
route can occur only in cases of advanced tuberculosis of the bladder. 

le follow-up study of cases in which nephrectomy was done 
re\ealed that the patients remained tuberculous and succumbed sooner 
^^'^rerculosis. The prognosis appears more favorable in 
i^imen. In nien. genital tuberculosis does not exert any greater 
n uence on the prognosis than that of any other organ, provided it is 
by active pulmonary tuberculosis. Of thirteen patients 

rrmuWlJ^ioTe'1"\'e'' Ergebnisse der Behandlung der Me- 
et*. 208:1. 19 I 5 Klinik zu :vlarburg. Deutsche Ztschr. f. 
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living', eight 'w^ere entirely cured, four were improved, and one was 
worse. Injury to the peritoneum during nephrectomy on the right side 
rarely resulted in peritonitis. On the other hand, infection of the 
wound and the formation of fistula occurred in 17 per cent of the cases. 
The method of treating the stump of the ureter did not seem to be of 
any significance in this connection. The fistulas healed, as a rule. 
Nonsurgical treatment of renal tuberculosis is not to be considered, 
although in rare cases cure is possible through complete destruction of 
the organ in the absence of all S3miptoms. 

Scholefield reported seventv-four cases of renal tubei'culosis with 
fifty-nine nephrectomies from the Peter Bent Brigham Hospital. Two 
patients died within the first few weeks after the operation, and six 
died after a few years. Eighteen of the patients traced are known 
to be alive and well more than three years after the operation, while 
onl}^ eight are known to have continued S3Mnptoms of urinar3'’ tuber- 
culosis. The remaining twent3'-five were observed recentl3% or were lost 
track of before the end of three 3'ears. 

Of the fifty-seven patients leaving the hospital, twent3'^-three (40 per 
cent) reported primary healing of the lesions, which remained healed. 
In twenty-four cases (42 per cent) sinuses developed which required 
attention for from three months to several years. 

Scholefield concluded that in cases in which, at operation, the kidne3^s 
appeared little diseased sinuses were more apt to occur than in those 
in which extensive caseation was present. Involvement of the ureter 
or of the perinephric fat did not seem to have any bearing on the 
healing of the wound. The average period during which symptoms had 
been present was twenty-eight and six-tenths months in cases in which 
lesions healed, and sixteen and three-tenths months in those in which 
sinuses developed. The more acute the process, therefore, the more 
likelihood there is for the develojjment of a sinus. Scholefield sug- 
gested that these sinuses are due not to the continuation of anv existing 
infection but to the development of a new tuberculous process in the 
traumatized tissues of a patient wliose resistance is lowered. 

Cathelin stated that the dictum of Albarran that earl3' nephrcctoin3' 
is essential in renal tuberculosis still holds good. He discussed several 
complications following the removal of tuberculous kidneys. 

Lumbar fistula is a commonh' observed sequel after renal tuber- 
culosis. Twenty or thirty vears ago, fistulas were common, but today, 
with the present methods of surgical technic, thc3’ are fewer. So-called 

14. .Sclioleficlcl, n. G. : Renal Ttibcrciilo.sis ; Hcalin.cr of Tiibcrcii]ou.s Xepbrcc- 
toiny Wounds, J. Urol. 20:345, 1928. 

15. Cathelin. F. : i.e.s .seqticlle.s cic ncphrcctoinic pour tuberculosc rcnalc, Rev. 
Ren. de clin. et de therap. 42:321, 1928. 
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ureteraux forces, or dilated ureteral orifices, with urinary rellu.x. are 

rare at the present time. _ ^ ... 

Cathelin reviewed the historic.'; in forty-five ca.se.'; ot nephrecKimy. 

In most of them the lesions healed in from five to ten months, and^ in 
the majority of the remainder, in from ten to si.xteen months after 
operation. In three of the cases the condition lasted for from eiithteen 
to twentv-two months : in one for twenty-four months, and in another 
for thirt}'-one months. Cathelin follows two primary rules, he ne\er 
washes the wound, and touches the base of the wound as little as possihk . 
Reopening of the wound occurred in fifty of Cathelin s cases. 

Occasionally there is considerable pain in the remaining kidney, due 
usnallv to hvpersecretion and hyperfunction. 1 his painful phenomenon 
is usuallv explained by simple reflex excitations and intermittent con- 
gestion. 

Continuation of the sranptoms in the bladder occurs in about r’O 
per cent of the cases. In half of these there is no change following 
operation, and in the other half there is moderate amelioration. In the 
remaining 50 per cent of the cases, the condition clears up completely. 
Cathelin uses oil of gomenol, 10 per cent strength, injecting 5 cc. every 
second day. On alternate days days bladder lavage is carried out 
Fronstein^® stated that SO per cent of patients with renal tubercu- 
losis who are treated by conservative methods die in the course of five 
years after the onset of the disease. .After ten years, practically none is 
living. On the other hand, about 75 per cent of patients operated on 
live their nonnal span of life. The postoperative results vary directly 
'vith the length of time the symptoms have been present preoperatively. 
The earlier the diagnosis and operation, the more satisfactory the results. 
One of the significant diagnostic points is the finding of bacilli of 
tuberculosis in the urine. .Albuminuria is also of significance. Fedoroft 
obsened albuminuria in 85 per cent of his cases. In Fronstein’s series. 
It occurred in all cases. Dysuria is an early' symptom and occurs in 94 
per cent of the cases. Pyelography is of exceptional value in diagnosis. 

Fain stated that while the bacillus of tuberculosis causes specific 
cianges. it may at the same time bring about nonspecific nephritis, 
nephrosis and cirrhotic changes. In such a tuberculous kidnev, tubercle 
tonnation is frequently not to be discovered. The course of a non- 
change may be slow and end with contraction. With non- 
jecihc tuberculous nephritis there may also be specific changes, and 


'or that 

pathologic-; 


reason the diagnosis may be undetennined in each case. The 
anatomic mutations show the frequency of bilateral tuber- 


IQyg R. : Le diagnostic de la tuberculose renale, J. d’urol. 25:434 
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culous nephritis. Clinical!}', the differential diagnosis of tuberculous 
nephritis and tuberculous bacilluria is quite difficult and sometimes 
impossible, especially if there is a history of a common disease of the 
kidney. The difficulty in diagnosis is due to the similarity of the clinical 
manifestations of these diseases, which necessitate long observation and 
I'epeated examinations of the patient. In nonspecific renal changes 
associated with a tuberculous bacilluria or tuberculous nephritis, the 
absence of pyuria or the presence of slight or easily treated pyuria of 
the pelvis is characteristic ; at the same time, the cystitis is of the non- 
ulcerative type and treatment is carried out in the usual manner, with 
relief. The additional renal pyuria which does not yield to the cus- 
tomary treatment, associated with severe cystitis and diminution in 
renal function, shows in most cases a destructive renal tuberculous infec- 
tion. In the event of operative treatment for nonspecific infections of 
the kidneys which permit the passage of bacilli of tuberculosis, or in 
kidneys showing tuberculous nephritis, it is advisable to use some con- 
servative procedures, such as decapsulation, nephrotomy, pyelotomy or 
ureterotomy. Such patients must remain under constant observation, 
since the kidney operated on conservatively is in continual danger of 
undergoing tuberculous changes and necrosis. 

Cystic Disease . — Crosbie stated that large solitary cysts of the 
kidney should not be confused with smaller cysts occurring in nephritis 
and in sclerotic kidneys. Large cysts are usually unilateral and never 
connect with the renal pelvis, and the remaining renal tissue is as a rule 
normal. The cyst is usually situated at one pole of the kidney. It is 
more common in woman than in man, and the fluid is clear, straw- 
colored and rarely blood}'. Symptoms are referable to the pressure of 
the cyst either on the remaining part of the kidney or on other organs. 
Hematuria is rare. 

Treatment is operative. If the cyst is situated at one pole, it may 
be possible to do a resection and save the remainder of the kidney. 
Crosbie reported the case of a large cyst in the median portion of the 
kidney, in which nephrectomy was performed. On section the cyst 
was found to be lined by smooth, shiny, glistening tissue. There was 
an incomplete septum which partially lobulated the cyst. The fluid con- 
tent was pale and clear, and there was no evidence of infection. 

Barney, in discussing Crosbie’s paper, reported a case of renal cyst 
in which the main symptoms were hematuria and retention of urine. 
At operation the kidney seemed to be in good condition elsewhere, so he 
trimmed off the cyst at its juncture %vith the cortex. In an effort to 

IS. Crosbie, A. H. : Solitary Cyst of the Kidney, New England J. Med. 199: 
277, 1928. 
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dissect out the lining membrane of the cyst from the cortex he 
encountered considerable bleeding, so instead the cavity was swabbec 
out with Zenker's fluid. 

Blood Supplv.— Ferrer stated that distention of the renal pelvis 
and calices to their nonnal capacity will produce distinct. i»rtial 
obstruction to the outflow of venous blood in the kidney, which is 
proportionate to the degree of distention. Any obstruction to the free 
outflow from the renal pelvis will tend to produce renal passive con- 
gestion, and a continuously distended pelvis may aid in the formation 
of hydronephrosis. 

Ferrer expressed the belief that pyelovenous backflow is only a tem- 
poraiy phenomenon, and will persist only as long as the venous outflow 
fails to increase in pressure sufficiently to overpower that of tlie back- 
flow. A more complete understanding of this type of obstruction will 
lead to better use of a permanent catheter, or at least of ureteral drainage 
and dilatation in many of the obstructive uropathic conditions encoun- 
tered. especially in pregnancy. Pyelography should be done with care, 
and there should be a tendency to rely more on small amounts of 
concentrated solution than on weak but larger amounts of fluid. 


Renal Reflexes . — Papin '® stated that the nerve tracts of the kidney 
and its pelves carrj- two types of fibers, sensory and vasomotor, and 
that there are two types of reflexes, plain and secretory'. Only the 
nonnal kidney is the seat of pain sensations. One of Papin's cases is 
lUwstTative of this. There was severe pain in the left loin due to right- 
sided hydronephrosis. Following removal of this lesion, the pain in 
the left kidney disappeared. Up to the present, obsen'ations show that 
the reflex pain in the normal kidney more often is associated with 
nephrolithiasis and less frequently with movable kidney, hydronephrosis, 
pyelitis, tuberculosis and renal tumors. 

hi the involvement of the kidney, and especially of the renal pelvis, 
the pain is not precipitated in the organ itself, but is referred to the 
rorrcbpoiiding Head's area on the surface of the body, usually' on the 
'Hiiie side; occasionally it is referred to both sides and in rare cases 
to the opposite side. 

T he problem of reflex secretory disturbances is still far from being 
'”’^^^®tood. Its manifestations are oliguria and, in rare cases. 
P"*>una. Clinical obsen-ation has shown the following types: fatal 
itiiuria in unilateral obstruction ; oliguria in a unilateral lesion, which 


Obst^ction to the Venous Circulation in the Kidnev 

v.nnu. '''hh Special Reference to Pvelo- 

20 I h Frol. 20:701, 1928. 

'■'■^tions reflexes reno-renales. Arch. d. mal. d. reins 2-518 
• Ztschr. {. urol. Qiir. 24:335, 1928. ’ 
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may be aided by removal of the diseased kidney; transient anuria fol- 
lowing- nephrectomy or a conservative renal operation, and polyuria 
after nephrectomy. One form of reflex polyuria occurs in tuberculosis, 
explained by Graser as a reflex of the pathologic conditions of the 
kidney brought about by vesical pollakiuria. Papin observed true reflex 
polyuria of the normal kidney in a case in which nephrectomy was done 
for hydronephrosis associated with infection. Clamps were left in place 
because of a short pedicle; polyuria developed, the amount of urine 
reaching 6,0CXD cc. by the fifth da)^ Following removal after the clamps 
were removed, the output diminished to 2,000 cc,, where it remained. 

Experimentation has not furnished any definite facts. The 
production of reflex anuria has been successful only in rare cases in 
which the condition was not clearl}'- defined. The question as to 
whether anuria can occur in a normal kidney, whether the anuria may 
be permanent, or whether it disappears with the removal of the cause 
has not been solved. According to Neuwirth, reflex anuria is brought 
about through a spastic condition of the intrarenal vessels, which come 
through the A'asomotor paths. This reflex is abolished by a break in 
the vasomotors (splanchnic anesthesia). Further researches of Neu- 
wirth, and later of Koennekes, have shown that the splanchnic nerves 
carry not only vasomotor but sensory fibers, afferent and efferent, 
which can be affected by the same factors. 

The question of reflex polyuria is even more doubtful. Experi- 
mentally, the only fact proved is that there is a polyuria center in the 
tuber cinereum of the medulla. Polyuria caused by splanchnic section 
is only transient, and always involves the same side. 

Papin noted that clinical experience has yielded a few facts to 
explain some of these secretory disturbances. Nephrectomy has usually 
been difficult, and either the clamps were left on the pedicle or tlie 
ligatures had to be applied dose to the large vessels. This probably 
caused direct irritation or destruction of the ganglions in these coursing 
reflex tracts. 

IVoimds. — Harris reported a case of rupture of the kidney which 
he diagnosed by means of p 3 'elography more than three weeks after the 
injury. He was impressed by the tremendous recuperative and repara- 
tive power of the kidney. He stated the belief that these patients are 
generallv not observed long enough to determine that mechanical defects 
have not, at a later date, been followed by complicating infection and 
even by the formation of stone, resulting ultimately in destruction of 
renal tissue. He drew the following conclusions: ureteropyelograpliic 
study should he done in every case of renal trauma, after all acute 

21. Harris. .A.: Traumatic Rupture of Left Kidney: Case Report. J. Urol. 
20:19.\ 1928. 
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.vmptoms have subsided. The time to investigate depends on tiic 
s^-niptoins in the individual case and the judgment of the surgeon. More 
complete follow-up study should be carried out over a long peno(l m 
ever)- case to control secondarv' complication of infection and the for- 
mation of stone as far as possible. Chronic infection d-ithout obstruc- 
tion might continue for long periods without symptoms sufficient to 
necessitate the consulting of a physician by the patient. Catheterization 
and renal lavage might be valuable in controlling infection. The repara- 
tive power of the kidney is remarkable. Open operation is indicated 
only in the exceptional, extreme case of renal injury, with uncontrollable 
hemorrhage. Infection following extravasation of urine or hematoma 
mav require drainage. It is possible that an infected pouch, sinus or 
sac, not relieved bv lavage, might be removed by open operation, the 
kidnev being consen-ed at the same time. An accessory pouch seen in 
the pyelogram must be distinguished from solitary cyst of the kidney. 


Suprarcml-Rcml Heterotopia . — Caylor -- considered snprarenal- 
renal heterotopia as an anomaly of surgical and general significance, and 
defined it as the developmental inclusion of the suprarenal gland 
beneath the capsule of the kidney. Rests of suprarenal tissue are not 
included in this group, as they are usually made up of cortical cells, in 
contrast to tme heterotopia in which both cortical and medullar)’ 
elements are present. All or only a part of the suprarenal gland may 
he beneath the renal capsule. 

Caylor found thirteen cases reported in the literature, and he added 


a tourteentli. A well developed woman, aged 34. apparently in good 
health, came to the Iflayo Clinic for general e.xamination. In the course 
of the examination, hydronephrosis of the right kidney was discovered. 
This kidney liad a low functional value, while the left kidnev func- 


fioned normally. The right kidney was removed through a lumbar 
"'cision, .\n accessor)- vessel to the right kidney was thought to have 
1>cen a factor in causing the hydronephrosis. The kidney weighed 180 
Cm. Tke hydronephrotic dilatation of the pelvis had apparently 
dcMroyed from 30 to 40 per cent of the parenchyma, and the anterior- 
fwperior surface of the kidney was partially covered with a yellow 
P aque. tlie suprarenal gland. As the capsule was stripped from the 
J ney, the gland was found intact beneath it. instead of in its usual 
■'ftiation in the perirenal fat. Duplication of the gland was not found. 

Siaiisiks.—Hnnt ==» reviewed the major surgical con- 
•• ariMiig ,n the kidney in cases obsen-ed at the :Mayo Clinic duriuo- 


Heterotopia: Report of a Case. T. Urol. 
Surgery of the Kidney. Proc. Staff, yfeet. 
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the last six years. During this period, 1,640 operations were per- 
formed on the kidney. Nephrectomy was performed in 1,119 cases 
(68 per cent). In 157 of the cases, the disease was malignant; 11 
patients died following nephrectomy, a mortality of 7 per cent. The 
remaining 962 nephrectomies were performed for benign disease, with 
20 deaths, a mortality rate of 2 per cent. Five hundred and twenty-one 
conservative operations were performed on the kidney largely for lithia- 
sis, with 8 deaths, a mortality of 1.5 per cent. 

Renal stone was the most common surgical lesion, comprising 808 
cases (49.2 per cent). Nephrectom}' was performed in 287 (35.5 per 
cent) of the total number of cases of lithiasis. Seven deaths (2.4 per 
cent) occurred, as opposed to 1.5 per cent for the conservative operation. 
There were 521 conservative operations, such as pelviolithotomy (85 
per cent), nephrolithotomy, or the combined operation. 

Nephrectomy was done for renal tuberculosis in 305 cases (27.2 
per cent). There were 6 deaths, a mortality of 1.9 per cent. In 336 
cases (30 per cent of all the conditions that required nephrectomy) the 
operation was performed for pyonephrosis, pyelonephritis and hydro- 
nephrosis with infection. 

One hundred and fifty-seven nephrectomies were performed for 
malignant disease of the kidney. Hypernephroma was the predominat- 
ing lesion, occurring in 113 cases (72 per cent of all the malignant 
lesions); carcinoma, 20 cases (12.7 per cent); epithelioma, 17 cases 
(10.8 per cent), and sarcoma, 7 cases (4.4 per cent). 

Operation was performed in 23 cases of fused or horseshoe kidney. 
There were 12 cases of renal lithiasis in which the stones were removed 
by pelviolithotomy. 

Heminephrectomy was necessary in 6 cases of hydronephrosis ; cysts 
were drained in 2 cases, exploration for pain was carried out in 2 cases, 
and accessory vessels were dhdded in 2 cases. 

Braasch, in discussing Hunt’s paper, stated that more than 30,000 
cystoscopies had been performed during the same period. During these 
six years, there were a great many more patients with surgical lesions 
of the kidne)^ who were not operated on for various reasons. Fully a 
third of the patients came with symptoms not referable to the urinary 
tract ; possible involvement of the kidne}'^ was suggested only after 
careful examination. The mortality rate in nephrectomy performed for 
renal tuberculosis was 1.9 per cent, which is about the same as that in 
the total number of cases in which operations were performed on the 
kidneys. 

W’ildbolz recently quoted statistics of a series of 640 nephrectomies, 
showing a mortality of 2.8 per cent. He stated, however, that this 
numl)er included a series of more than 100 cases in wliich operation 
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was performed without a fatality ; this is further evidence that statistics 
based on a small number of cases are without value. 

Attention was called to the high percentage of patients with renal 
lithiasis in whom it was necessary to remove the kidney. Braasch stated 
that the general practitioner is often largely responsible for tins, since 
if he had insisted on investigating the cause of the patient’s colic and 
if after the diagnosis of stone had been made he had insisted on opera- 
tion, a conservative operation might have been possible. A conser\ ati\ e 
operation, of course, is best because of the possibility of bilateral lithia- 
sis. if for no other reason. 


URETER 

/ii/fcfioii.— Kidd suggested that the ureter should be examined 
careiullv before nephrectomy is done, as in selected cases the removal 
of the major portion of the ureter, besides the kidney, will be found to 
give better results. In cases of hydronephrosis, if the obstruction of 
the ureter is in the pelvic region and the ureter as far as the obstruction 
is not removed, the portion remaining frequently causes trouble. The 
ureteral stump may remain infected and cause attacks of colic, fever 
and strangur}', or a large infected pouch may form. In some cases, 
these attacks of d3'suria and fever resulting from ureteral retention are 
relieved by the passage of purulent urine. 

Some surgeons remove as large a portion of the ureter as possible 
when removing a tuberculous kidney ; others consider that this step 
entails risk of the formation of an abscess or urinarv' fistula deep in the 
pelvis. Kidd believed that in cases of septic stones impacted in the 
pelvic ureter with a dilated atrophic ureter above, primaiy- nephro- 
ureterectomy should be done. If the lumen of the ureter is not 
ohstnicted, complications will rareh' arise even if the ureter is left in 
place. The inflamed and infected ureter will gradually atrophv’ and its 
contents become sterile. If the process of sterilization is delayed, it can 
he hastened by washing out the stump of the ureter. Kidd has noted 
^ut in many cases after operation for calculous pyonephrosis the stump 
has become aseptic and has not given further trouble. On 
^ 'c other hand, if there is an obstruction between the site of the ligature 
aiK the bladder, trouble will probably arise in the stump of the ureter ; 
co^ ’^^^'scular wall will hypertrophj’ in an endeavor to get rid of the 
ureter, causing attacks of ureteral colic. The lumen of 
h'l'eaion^ dilated and cause severe sjmptoms of urinan,' 

following indications for primary- nephro-ureterec- 
h}’dronephrosis, simple or infected, when the stricture is 

'■ ‘ fhSr.: Veiou''^, ^'^Phrectomy: Indications 

. -'cpiiro-Lreterectomy, Brit. J. Surg. 16:22, 1928. 
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low in the pelvic ureter; (2) in pyonephrosis or atrophic septic or 
aseptic kidney secondary to a stone long impacted in the pelvic ureter; 
(3) in tuberculous pyonephrosis associated with inflammatory stricture 
in the pelvic ureter, and (4) in all other types of i^yonephrosis associated 
with inflammatory stricture in the pelvic ureter. 

In inost cases in which Kidd performs primary nephro-ureterectomy 
he cuts down on the kidne}' from behind, and after it has been freed 
and its pedicle tied, he frees the lumbar ureter from its connections, 
taking care to tie all bleeding points, which may be numerous. The 
ureter can be burned across with a cautery, or the kidney and ureter 
can be left hanging out of the lower margin of the wound, which is 
then stitched up and the patient turned on his back. In the cases in 
which operation is more easily performed and in which the obstruction 
is high in the pelvic ureter, such as a stone, the ureter is then exposed 
extraperitonealty through a muscle-splitting incision for exposing the 
pelvic ureter, tied off with catgut below the point of obstruction, burned 
across, and with the kidne)' is drawn out from the wound in the back. 
If a drain is carried to the stump of the pelvic ureter, it should consist 
of a piece of rubber glove ; tubes endanger the walls of the iliac vessels 
and should not be employed. If, on the other hand, the operation is 
difficult and the obstruction lies close to or even in the walls of the 
bladder, a better exposure can be obtained by turning the rectus muscle 
outward from near the median line below the umbilicus. Through this 
incision the ureter can be stripped extraperitoneally to the wall of the 
bladder ; the numerous branches of the internal iliac and other vessels 
running to the wall of the pelvic ureter and bladder can be exposed and 
tied off, and the ureter can be completely removed. In some cases it 
has even been found necessar}^ to remove a portion of the wall of the 
bladder, a step that is feasible through this incision. 

Read reported a case of empyema of the ureteral stump in a 
woman, aged 31. One week after hysterectomy, pus appeared in the 
urine. Three months later, a ureterovaginal fistula was found. The end 
of the left ureter was located in the fibrous tissue of the pelvis and 
transplanted into the upper angle of the bladder. The vaginal fistula 
healed, but foul pyuria persisted, and pain in the lower left quadrant 
and lower lumbar regions became increasingly severe. Six weeks later 
the pyuria was more severe, and left nephrectomy was performed. 
Pathologic examination disclosed general pyonephrosis. Two months 
after the nephrectomy the patient began to bai^e severe, shooting pains 
along the course of the left ureter, radiating into the bladder. The 
attacks came on suddenly and lasted for from two to seven clays. 

25. Read, J. S.: A Ureteral Stump (Non-Tuberculosis) as a Source of Pyuria: 
Case Report, J. Urol. 21:103, 1929. 
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Immediately after a colicky attack there was a large amount of pus 
in the urine: this was followed by relief. The urine never appeared 
cloudy except following an attack. At cystoscopic examination the left 
ureteral catheter entered for a distance of about 4 cm., and pus did not 
come from the stump on rvithdrawal of the catheter . this show ed tliat 
there was no infection of the portion of the left ureter remaining after 
its incision at the time of hysterectonw. It was impossible to find the 
orifice of the transplanted ureter. The abdomen was opened, and man\ 
adhesions were found between the intestines and the abdominal wall , 
the omentum was adherent to the bladder at one point. All of the 
adhesions were freed, and on the upper left cjuadrant of the bladder 
the transplanted ureter was found extending across the pelvis for a 
distance of about 7.5 cm. At the point where the ureter left the pelvic 
wall below the brim of the pelvis, it was buried in dense scar tissue. 
The ureter was resected close to the bladder, and the remaining stump 
cauterized and inverted into the bladder. Due to the scar tissue, it 
was difficult to dissect the buried portion of the ureter. The remaining 
part of the ureter lying along the muscle bed was easily traced to its 
termination and resected. The part of the ureter resected was about 
18.75 cm. long. It was contracted near its juncture with the bladder, 
'vhere there was a portion of thin-walled dilatation. Within the cavity 
was thin purulent material which contained colon bacilli and staphy- 
lococci. 

Stricfurc. — Campbell stated that faulty drainage is the cause of 
intection of the urinar}' tract in infants as well as in adults. In 2.420 
children coming to necropsy at Bellevue Hospital, ureteral blockage was 
tound in 47 (approximately 2 per cent). Urinalysis or postmortem 
examination revealed infection in four fifths of these. In a large num- 
her of children with chronic pyuria, ureteral obstruction was found as 
die underlying lesion. Tlost of these acute renal infections ended 
lar orably within two or three weeks, but there was a large group which 
ccbisted all forms of treatment. 

Campbell reported a series of seventy-four cases of ureteral obstruc- 
tion in infanc}’ and early childhood. He used the classification of 
"ura-ureteral or extra-ureteral, since these characteristics determine to 
degree the type of surgical procedure. The chief obstructions of 
Within the ureter itself were found to be strictures, including the 
ture'^^'°'' t^tilculi, kinks and anomalous conditions. Stric- 

<!'!w ’ congemtal or acquired, were the predominating ureteral 

infancy. Congenital strictures were not infrequent and 
the two ends of the ureter, the ureteropelvic or uretero- 

KC'J, M. F. ; Ureteral Obstruction in Infancy, .Um. J. Surg 5-445 
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vesical juucluies. In t\vent3'-t\vo patients, the blockage was bilateral; 
this condition was found in one instance in a 7 months' fetus. Campbell 
expressed the belief that the formation of stone is favored by urinary 
stasis and is most often associated with obstruction. Obstruction by 
acute ureteral angulations was associated with nephroptosis and renal 
ectopia, usually occurring at or near the ureteropelvic juncture. This 
t3'pe of blockage was characterized marked h)'dronephrosis above 
and a relatively normal ureter. In cases of complete reduplication, 
obstruction rarely occurred at the point the ureter crossed in the pelvic 
cardty just above the bladder. Abnormal ureteral insertion may be 
found high in the renal pelvis with marked angulation or a lip valve 
which obstructs drainage. There ma)^ be ectopic insertion into the 
bladder, urethra, vagina or rectum. 

Extra-ureteral masses were found to be predominantly inflamma- 
torj' or neoplastic. Aberrant vessels usually passed from the lower 
renal pole to the aorta or vena cava. Chronic pyuria and pain in the 
loins were the usual symptoms. 

The chief symptoms were hematuria, urinary frequency, dysuria, 
ureteral colic or dull aching in the loins with or without radiation. 
Chronic pyuria was the most constant S3nnptom. In some cases pal- 
pation may reveal a renal mass, var3dng markedl3’- in size. The onset 
may be acute and often follows an acute focal infection, but the urinary 
infection does not clear up within the usual time. In some cases p3Uiria 
was noted from birth, and in a few congenital ureteral obstruction with 
associated infection was noted at necropS3^ The degree of obstruction 
is largely reflected by the temperature and pyuria. 

Obstructive urinary lesions are characterized b}' dilatation, infection 
and renal destruction. Dilatation was usually more marked above the 
point of obstruction, but the inflammatory t}'pe was not infrequentl}' 
observed below this point. 

Relief of obstruction is the object of treatment. Dilatation of 
ureteral strictures afforded marked clinical improvement but bacterio- 
logic cure was obtained in only three of Campbell’s cases. He stated 
the belief that clinical improvement resulted from dilatation ratiier than 
lavage. Water in abundance is prescribed as the best medicine, and 
alkalis are of value when they promote diuresis. Medical measures are 
of value only when used with surgical procedures to relieve tlie obstruc- 
tion. Earl3^ recognition and treatment save extensive renal destruction 
and often years of suffering or early death. 

BLADDER 

Tumors.— Rnnt stated that difficulty in evaluating reported results 
in favor of various methods of treating malignant tumors of the liladdei 

27. Hunt, V. C.: The Surgical Treatment of ^^alignallt Tumors of the Blad- 
der, J. A. M. A. 91:1704 (Dec. 1) 1928. 
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is due to the lack ot uniformity in classifying them according to the 
tj-pe of lesion, the degree of malignancy, and the situation and extent 

of involvement. _ • n- 

He found epithelioma, with varj'ing degree of malignancy, in 9a 
per cent of the cases. Regardless of the site of the lesion, in a series 
of 480 epitheliomas graded on a scale of 1 to 4. 10 per cent were graded 
1 (least malignant) . 32 per cent were graded 2, 35 per cent were graded 
3, and 23 per cent were graded 4. making a total of 58 per cent of a 
high degree of malignancy. The epitheliomas of the base of the bladder 
tend to be more highly malignant than those of the lateral wall or the 
dome. If all other conditions are equal, 10 per cent better results may 
be expected in the treatment for epitheliomas of the lateral walls and 
dome, simply because of the degree of malignancy. 

The time of beginning treatment rvas found to have a significant 
bearing on operability and on the results of treatment. In a series 
of fifty-one cases in ivhich the condition was too far advanced for any 
form of treatment, it was found that the average duration of symptoms 
previous to medical treatment was almost two years. Bumpus reviewed 
a series of 212 cases in which radium alone, or radium in conjunction 
with some other forms of treatment, was employed. He concluded that 
the use of radium alone is not successful in cases in which other methods 


ot treatment cannot be used, that poor results are obtained when radium 
treatment is followed by operation, and that radium is most useful in 
connection with fulguration or operation. Hunt considered cautery 
excision as the method of choice for tumors of the lateral and posterior 
walls and dome of the bladder. Recurrence at the primary site of the 
lesion is less likelv to follow. 


The mortalit}- rate of surgical procedures depends on the site of the 
tumor, the magnitude of the operation and, in lesions of the base of the 
bladder, on the method of disposing of the ureter. The mortality is 
oiiest following the excision tr-pes of operation employed in the lateral 
''alls and dome, and highest in segmental resection for tumors of the 
'ase with reimplantation of the ureter. Division and ligation of the 
'weter has proved the best method if the ureter is involved in the lesion 
or in extensive operable tumors of the base. In approximately 370 
cases o{ epithelioma of the bladder, the results were dependent on the 
n'V”' tumor, the extent of the involvement and the degree of 
Cra'fTr' about 65 per cent of the patients with lesions 

pc'r^ ~ Tears after operation, while 35 

whom the radical operation was performed for 
I'cr 'mr''?'! ^ showed equally good results. Approximately 73 
kraded 1 9 ^ Patients having tumors of the lateral walls or dome 

‘‘brev or ~ 3 or 4 are living 

more years atterward; 50 per cent of those having lesions 
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in the base graded 1 or 2 and 25 per cent having lesions graded 3 or 
4 lived without recurrence for the same period. 

Aschner-® stated that several factors are responsible for the fact 
that vesical neoplasms are regarded as different from tumors elsewhere 
in the body and not subject to the usual mode of classification. There 
is a tendency for benign papillomas to implant themselves in other 
parts of the bladder and in the suprapubic wound after open operation, 
and also for new tumors to develop after the original tumor has been 
destroyed. Patients with papillomatosis or those who have been cured 
of papilloma may later have frank carcinoma of the bladder or 
metastatic phenomena with a malignant clinical course, and rare cases 
of papilloma with typical benign cell structure may show infiltration of 
the wall of the bladder. 

The ordinary variety of papilloma is a soft, shaggy, villous tumor 
arising from the mucosa of the bladder by a well defined pedicle. The 
skeleton is formed by a delicate connective tissue core continuous with 
the submucosa of the bladder and containing blood vessels. The non- 
infiltrating type of papillary carcinoma may be pedunculated or sessile. 
It is usually indistinguishable cystoscopically or grossly from benign 
papilloma, from which a large percentage probably develop. The cell 
changes which indicate a malignant condition may be slight and limited 
to a small part of the growth, or marked and present throughout the 
growth. Nonpapillary carcinomas are characterized by their tendency 
to spread downward into the wall of the bladder and laterally under the 
normal mucosa, and often by ulceration and necrosis at the center of 
the growth. They seem to arise from the deeper cells of the mucosa, 
nests of which are not infrequently seen dipping downward in inflam- 
matory processes, especially at the trigone and vesical neck. 

Aschner concluded that in 97 per cent of the cases cystoscopic biopsy 
furnished the most reliable information as to the nature of tumors of 
the bladder. The failures occurred in multiple tumors and in papillo- 
matosis. Prognosis cannot be made from biopsy alone in cases of 
malignant disease. The use of radium or operation, except on a 
debilitated patient, is indicated when a diagnosis of malignant disease 
is made in a case simulating papilloma. Aschner stated the belief that 
tumors of the bladder are benign or malignant, and that they may be 
classified in a manner harmonious with general tumor and clinical 
terminology. He did not consider cell grading alone as practicable for 
clinical purposes, and prognosis on such a basis does not coincide with 
the late results in his series of cases. Infiltration appears to be a more 
reliable guide to the extent of the lesion, and the site of the malignant 
tumor determines its resectabilit}'^ and influences prognosis materially. 

28. Aschner, P. W. ; The Pathologj- of Vesical Neoplasms: Its Evaluation in 
Diagnosis and Prognosis, J. A. M. A. 91:1697 (Dec. 1) 1928. 
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The surgical procedure of choice when a diagnosis of carcinoina is 
made by biopsy is resection of the whole thickness of the wall of the 
bladder. Failure to do so. even in the case of pedunculated tumors, has 
often resulted in recurrence. Stalk invasion and tumor cells in blood 
vessels at the base cannot be detected by gross inspection. Only 20 of 
137 papillary carcinomas were not infiltrating. Aschner expressed the 
belief that biopsy should always be made before radical operation on 
the bladder is undertaken, as other lesions may closely resemble neo- 


plasm. 


Stone.— Cabot classified the cases of complicated stone in the 
bladder as cases in which the bladder is the seat of some other condition 
requiring surgical treatment. One of his fundamental principles when 
studying a patient with stone in the bladder is to determine whether 
there exists in the bladder some condition other than lithiasis which 
requires surgical treatment. If there is obstruction, diverticulum or 
other abnormality, the treatment for the stone becomes secondary to that 
for the other lesion. 

Stone in the bladder may be treated by incision or by crushing and 
evacuation by instruments. Litholapaxy is the method of choice when it 
can be carried out satisfactorily. Indian surgeons are unanimously in 
favor of litholapaxy because convalescence is shortened, shock is les- 
sened, and suprapubic scars are avoided. Cabot stated that there are 
several contraindications to litholapaxy. It should not be performed 
'vhen there is disproportion between the size of the stone and the capacity 
ot the bladder. IVhen a large stone lies in a more or less contracted 
bladder, the movements of the instrument are limited; the amount of 
trauma resulting from many fragments is considerable and the time 


consumed in the operation, even if it is successful, is of disadvantage 
to the patient. In general a bladder that holds less than 125 cc. and 
<^oiitains a stone of considerable size will not be suitable for litholapaxy. 
Great surgical skill and experience may definitely modify this statement. 
Galjot considered tiie second contraindication to be cases in which the 
^tone has as its nucleus a metallic foreign body or other substance 
'cli cannot be crushed. Before the development of the roentgen rays, 
'\ab difficult to detennine with certainty the nature of the foreign body 
P>c\iou 5 to operation. Litholapaxy should not be performed if the 
“istruinents cannot be passed through the urethra. Stricture 
Le urethra is not a contraindication, since it can be readilv divided 
'ntcrnal urethrotomv. 

T*l 

fUm.? borderline cases includes some of those in which the ' 

^ <■ la.w foreign bod}- as its nucleus and a group in which the stone 


Principles of Treatment of Stone 
-V 3l:195S (Dec. 22) 192S. 


in the Bladder. T. A. 
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lies not in the bladder but in a more or less dilated prostatic urethra. 
Some of the latter group ma}^ be considered as possibty satisfactory 
subjects for litholapaxy. 

Diverticula. —Lower and Higgins,®® from a study of the literature 
and their own experience, noted that the walls of diverticula vary in 
thickness, generally increasing with progressive inflammation of the 
diverticulum, although there ma}'^ be a variation in different portions of 
the same diverticulum. The most common site of diverticula is proximal 
to one of the ureters, but no region of the bladder is exempt. Durrieux 
found records of fifteen diverticula situated in the trigone. Because of 
the quantity of fluid they contain, large diverticula tend to force their 
wa}'^ backward, generally along the line of least resistance. Small diver- 
ticula usually lie between the bladder and rectum and, as they increase 
in size, extend lateralty and upward. As a rule the orifice is quite small 
and entirely out of proportion to the size of the sac. The difficulty in 
emptying this type of diverticula makes them resistant to palliative 
treatment. The ureter may open directly into the diverticulum or may 
be incorporated in the wall of the diverticulum itself. 

Diverticula are relatively infrequent in women. Rose’s explanation 
of this is that in the female bladder, due to the absence of prostatic and 
seminal vesicle fixation, there is less loss of elasticity and less oppor- 
tunity for diverticula to develop. Rathbun holds that all true diA’^erticula 
are congenital and that the so-called acquired diverticula are only 
“exaggerated trabeculations.” Diverticula may occur at any age, but 
they usually occur after the age of 50, during the period of prostatic 
obstruction. 

The most common complications of diverticula are infection, calculi 
and tumors. Stagnation and infection are naturally conducive to the 
formation of stones, and these factors are usually present in varying 
degrees in such cases. Calculi in the diverticulum may be single or 
multiple. If they are multiple they may become faceted and lie close 
together, so that only the roentgen ra 3 's will show that more than one 
stone is pi'esent. When large stones are found in the diverticulum, they 
are usuall}'^ associated with lithiasis in the bladder. 

Diverticula do not cause definite symptoms, and the clinical picture 
varies with the presence or absence of infection. Many diverticula are 
discovered in C3^stoscopic examination in cases in which their presence 
has not been suspected, especially in hypertrophy of the prostate gland. 
The following diagnostic technic is used : Cystograms are made under 
'the fluoroscope. After the bladder has been catheterized and drained, 
it is refilled with a solution of sodium iodide. A solution of from 10 to 

30. Lower, W. E.. and Higgins, C. C: Diverticula of the Urinary Bladder 
with Report of One Hundred and Ten Cases, J. Urol. 20:635, 1928. 
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17 per cent may be used without apparent irritation of the bladder. As 
the bladder is gradually filled, a close Avatch is kept for the appearance 
of irregularities \Yhich might be caused by hypertrophy of the pro.^tate. 
tumors of the bladder, trabeculations or diverticula. 

The present trend of treatment for diverticula is toward radical 
excision of the entire sac. As diverticula are usually associated with 
obstruction, the cause of the latter must also be removed in order to 
secure a satisfacton,- end-result. Lower operates under spinal or sacral 
anesthesia; in the case of an apprehensive patient, he adds analgesia 
with nitrous oxide and oxvgen. A median suprapubic incision is made 
and carried down to the bladder. After the peritoneum is stripped back, 
the bladder is opened. Exposure of the interior of the bladder is secured 
with flexible retractors and a Cameron light. The diverticulum is 
located, and from its size and position the mode of procedure is 
determined. If the extra vesical approach is used, the collapsed diver- 
ticulum is first converted into a solid or semisolid tumor b\- packing it 
with a gauze tape. Lower then dissects down outside the bladder, severing 
the attachment of the diverticulum and closing the opening into the 
bladder. It is important that the closure of the bladder at the point of 
removal of the diverticulum be made with good muscular apposition, the 
walls being inverted if possible so as to leave a slight ridge on the inner 
surface of the bladder rather than a depression at the point from which 
the attachment of the diverticulum was removed. Such a depression 
"tight ser\-e as a starting point for recurrence of the diverticulum. 

In fort}--five cases of the series, the diverticulum was excised. There 
were three operative deaths (7 per cent). Twelve of the patients have 
not been traced since operation. Five patients have died since operation. 
Of the remaining twenty-one patients, observed for periods varjdng 
Lorn six months to fourteen years, the average postoperative period was 
lour years; marked improvement was noted in twelve; in nine, there 
"as complete relief of symptoms. 

Prognosis is usually favorable if radical operation is performed 
i^ark and before renal impairment has become marked. In cases in 
ich a malignant growth is present, the prognosis must be guarded. 

EisinJa. ^Farman and Thompson.^r before attempting an operation 
or a r esicovaginal fistula, follow the principle of correcting any cystitis 
or^other intravesical complication. Such a procedure presupposes a 
^wrough cystoscopic examination of the bladder, determination of the 
situation of the fistula, and its relationship to the ureters. 
__^^^^^^|^las involving the lower part of the vesicovaginal septum 


"rbompson. R. C.; Vesicovaginal Fistula: Etiolo<n- 
3- Frol. Suprapubic Transvesical Opera- 
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usually are more readily accessible and lend themselves better to proper 
dissection and closure by the vaginal operation or one of its modifica- 
tions. Fistulas high in the vagina are difficult to close, and failure is 
frequent by the vaginal route. 

In repairing A'esicovaginal fistula, a proper exposure of the operative 
field is made, as success depends on accurate and complete closure with 
well placed sutures in healthy tissue. All scar tissue is dissected from 
the thick vesicovaginal septum until the denuded, raw surfaces are soft 
and plastic. Ihis will usually leave an opening two or three times the 
size of the original fistula to be closed b}' suture. Mobilization of the 
bladder is one of the most significant steps in the technic of repair; it 
permits the viscus to return to a more normal position (retraction 
upward and forward), and tends to separate the opening in the bladder 
from the opening in the vagina. It is necessary to secure a tight non- 
leaking closure that is urine proof. The method of suturing should be 
adapted to the size of the openings, elasticity of the tissues and accessi- 
bility. Circular, purse-string, lockstitch or continuous through-and- 
through sutures may be used. Chromic catgut generally is required for 
the main sutures. Opinion varies as to the necessity, method and length 
of time advisable for drainage of the bladder during healing. The 
majority of surgeons using the vaginal route for repair have drained 
the bladder after from six to ten days with a Pezzer catheter. A few 
have performed suprapubic cystostomy. The idea of drainage by 
catheter or c3^stostomy is to immobilize, during healing, the previously 
mobilized floor of the bladder and to relieve pressure on the line of 
suture. 

The success of operation depends partially on skilled postoperative 
care, for any complication may be the undoing of the repaired fistula. 
Infection of the part usually means failure, but it is well known that 
tissues in this region possess a high degree of healing properties and 
local resistance. It is important to prevent spasm of the bladder, 
unnecessary movement or straining, restlessness, constipation, and con- 
tamination of the pelvic parts. Mayo and Walters expressed the belief 
that the success of repair depends on healing in the line of suture and 
accurate closure of the openings in the bladder and vagina. Some 
operators suture the openings at right angles to each other. 

Fara/y^A.— Cahill "" observed that in conditions causing paralysis or 
destruction of the spinal cord, retention of urine began at once and 
continued until the bladder was greatly distended and showed in the 
lower part of the abdomen as a large ovoid tumor. The bladder still 
retains the power of contraction and should be proper!}' stimulated so 
that it will gradually assume the power automatically to relieve itself. 

32. Cahill, G. F. ; Treatment of Bladder Paralysis Due to Non-Tabetic Spinal 
Cord Lesions, Am. J. Surg. 5:442, 1928. 
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In treating patients with paralysis of the cord with resulting urinar\- 
retention. Cahill does not perform catherterization but allows the bladder 
to fill for twent}--four hours and then forces the relief of the bladder 
by pressure excited on the fundus. When the bladder can be clearly 
and easily felt, the right or left hand is placed sidewise across the 
fundus and the ulnar side pushed above the fundus as far as possible 
into the abdomen. The fundus is then cupped or grasped and pressure 
exerted by pushing down against the pelvic opening. The urine may 
not appear for one or two minutes after pressure and then ma\ be 
voided only in a small irregular stream. Pressure is then applied every 
two hours, each time the amount of urine obtained slowly increasing and 
the pressure required decreasing. It usually takes from six to ten days 
before the bladder empties well behind the symphysis and several weeks 
before it empties completely. If possible. Cahill instructs patients how- 
to apply the pressure themselves, and sometimes they are able to hasten 
the emptying of the bladder by applying their own increase of abdominal 
tension bv breathing. 

If there is infection, catheterization is instituted but only until the 
infection has subsided. 


Cysts . — Altmann stated that cysts of the posterior wall of the blad- 
der, especially in the prostate gland, are comparatively uncommon. 
Eliminating echinococcus and dermoid cysts, iMeyer considered the fol- 
lowing as etiologic possibilities; (1) fetal inclusion of the prostatic 
utricle due to epithelial adhesions, that is, a sealing off of the terminal 
portion with a subsequent cystic dilatation of its lumen as well as a 
disturbance in the development of the mullerian duct; (2) cystic dila- 
tation of the prostatic and trigonal glands; (3) abnormal persistence of 
portions of the mullerian duct derived from its terminal segment, and 
(d) offshoots from the seminal vesicles and ducts. On account of the 
trequent association of the cysts with the utricle, Altmann favored the 
^rst hypothesis. Hypotheses regarding the association of neighboring 
•slandular structures may be assumed. The second group comes in this 
classification. 

A case of a man. aged 19 years, is cited w-hich could be classified 
uitlie third or fourth group. Xecropsy revealed marked hydro-ureter 
•an li\ dronephrosis on the left side, associated with the seminal vesicles 
•^” a as. A large piece of adjacent tissue and w-all of the bladder was 
removed in order to study the case thoroughly. The inner rvall of the 
> t Was composed of a double layer of cubical epithelial cells. The evst 
cntirel) closed off from adjacent tissues. 


Blasewand beim 

chr. 1. urol. Qiir. 24 : 438 . 1928 . 
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1 liere are only nine reported cases in the Jiterature, in all of which 
the cysts were small, about 2 cm. in size, and were found at varying 
ages, from birth to old age. Six were in the median line just above 
the prostate gland, and three were situated below the prostate gland 
and medially to the vas. Most of the cysts were oval or pear-shaped. 
Histologically, all cysts were lined with cubical epithelium. In two 
cases, including that of Altmann, muscle fibers were found in the wall 
of the cyst. This was interpreted as meaning an association with the 
ductus deferens. 

Exstrophy . — ^Judd and Thompson staled that the ultimate cause 
of exstrophy of the bladder is not known, but the existing theories 
collectively purpose that it results from mechanical rupture, pathologic 
lesions, or defective embryonic development. Histologic studies reveal 
that the structure of the bladder in cases of exstrophy is usually unlike 
that of the normal bladder, and glands have been constantl}’^ observed. 
There are usuall}' varying degrees of local inflammation, the result of 
mechanical and chemical irritation and infection. Associated ascending 
infection is common, and death usually is caused by toxemia of infection 
or of renal insufficiency. 

Judd and Thompson described 2 cases of carcinoma complicating 
exstrophy of the bladder, making a total of 20 reported cases. Adeno- 
carcinoma was reported in 15 cases and squamous cell carcinoma in 2; 
a histologic report was not made in 3 cases. Although adenocarcinoma 
is of comparatively rare occurrence in the normal bladder, it is the type 
which most commonly occurs in exstrophy of the bladder. Nineteen 
(2.19 per cent) adenocarcinomas were found among 867 tumors of the 
normally developed bladder at the Mayo Clinic. Of the 20 reported 
cases, 12 occurred in men and 7 in women; in 1 case, the sex was not 
mentioned. Two occurred in the third decade, 5 in the fourth, 9 in the 
fifth, 3 in the sixth, 1 in the seventh. Surgical treatment was employed 
in 10 of the 20 cases. In 3, simple extirpation of the bladder was 
performed. In 1 case, transplantation of the ureters by the Mayo 
method preceded removal of the bladder. The patient died two years 
after operation from metastasis. In 2 cases cited by Judd and Thomp- 
son, the patients are alive and well three, and six and a half years 
respectively, after operation. In 3 other cases transplantation of the 
ureters into the colon was performed. One of the patients died eight 
days later from uremia following ascending renal infection. In the 
other 2 cases, resection of the bladder was performed secondarily. 

Vesical Neck. —Herhst observed that although the symptoms of 

fibrosis of the neck of the bladder may not be marked until adult life 

34. Judd, E. S., and Thomp.son, H. L. : Exstrophy of the Bladder Cotiiplicalcd 
by Carcinoma, Arcli. Surg. 17:641 (Oct.) 1928. 

35. Herbst, R. H.: Fibrosis of flic Vesical Meek, J. A. M. -A. 91:1614 (Nov. 

24) 1928. 
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or later, a surprisingly large number of these patients give a history of 

disturbances of the bladder in childhood. 

The appearance of the bladder, as well as the symptoms of fibrosis, 
is quite different from that found in other obstructive conditions. 
Fibrosis of the vesical neck is generally characterized by a small con- 
tracted bladder with massive thickening and hypertrophy of the wall, 
instead of a large dilated bladder with moderate hypertrophy of the 
muscle coat. The syanptoms of fibrosis may be classified as those ref- 
erable to the bladder and those produced by changes in the upper urinary 
tract. The bladder is usually small and often contracted because of the 
hypertrophy of the muscular wall, a condition which frequently causes 
an active form of incontinence, in contrast to the passive overflow tyjie 
seen in other forms of obstruction. Urgency and frequency of urina- 
tion are prominent svmptoms. Complete retention is infrequent due to 
the powerful contraction of the hypertrophic wall of the bladder, but 
regurgitation to the upper urinary tract is more pronounced than in most 
other types of obstruction. On rectal examination, the prostate gland 
is usually about normal in size and in consistence. If an instrument is 
intvodvKeddnto the bladder, resistance may be encountered immediately 
at the neck of the bladder, which as a rule is easily overcome. In 
uncomplicated cases there is marked trabeculation, the trabeculae being 
heavy with deep cellules between them. The vertex of the bladder is 
more contracted than the lou'er part, causing the fonuation of a dome 
'vbicli at times may be mistaken for a diverticulum. 

Herbst stated the belief that the degree of retention and the impair- 
ment of the renal function should be determined so as to distinguish 
between the cases of fibrosis in which the condition can be corrected 
uitliout drainage and those in which drainage is required. He considered 
soniEUpe of drainage by catheter to be preferable to preliminary cystos- 
toiii) because of the difficulty encountered later in obtaining good 
exposure of the neck of the bladder, which is essential to thorough 
’■‘■‘mo\al of the fibrotic neck. Some form of transurethral or punch 
Ulceration is the method of choice in the milder types of fibrosis, par- 

a-ii ar \ those in which the lower segment of the internal urethral orifice 
5" most mvolved. 

— Edelman =*« reported two cases from Mount Sinai 
"’bich intestinal-like mucous glands were found in the 
besmu patients complained of frequency, dysuria and 

.1 bk, growth or intense cystitis. One save 

passed gravel. 

■' Urinary Bladder. 
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Some observers deny tliat mucous glands exist in the urinary blad- 
der; others admit their presence; others interpret them as aberrant 
prostatic or urethral glands. The cases reported in the literature show- 
ing lesions containing “intestine-like” mucous glands have their origin 
ascribed to misplaced embrj^onal intestinal glands, to embryonal rests, 
to proliferation and metaplasia of the surface epithelium (Enderlen), 
to proliferation of lesions in cystitis C 3 ^stica due to an inflammatory 
piocess ( Stoerk and Zuckerkandl), and to proliferation of mucous 
glands normally present in the mucosa (Bridoux), 

The lesions do not cause distinctive symptoms. The patients usually 
complain of frequency, dysuria and heinaturia. Therefore, the diag- 
nosis can be made only by microscopic examination of the tissues 
removed. The treatment is either excision or destruction with the 
cautery. The persistence of these glands may possibly be the basis for 
the development of adenoma or adenocarcinoma. 

PROSTATE GLAND 

Hypertrophy. — Davis summarized the immediate and later results 
in a series of 176 consecutive cases in which perineal prostatectomy was 
performed under sacral anesthesia in an attempt to determine the imme- 
diate mortality and the percentage of satisfactory functional results. 
There were 3 deaths (1.7 per cent) in his series. The average age of 
the patients was 70; 16 were more than 80 years of age, two of these 
being 88. 

Davis stated that the factors instrumental in reducing the mortality 
rate of prostatectomy are preliminary drainage, sacral anesthesia and 
careful hemostasis. Good hemostatic control is particularly important, 
as many deaths may result from hemorrhage due to infection secondary 
to lowered resistance. Prostatectomy may be made an almost bloodless 
procedure as the result of the opportunity for deliberateness in con- 
trolling individual bleeding points by suture and ligature which is 
afforded by the employment of sacral anesthesia, and the use of an 
inflated hemostatic bag to control hemorrhage during the first few 
postoperative hours. The anesthesia used in all of Davis’ cases was 
sacral block, including injection through the sacral hiatus (caudal anes- 
thesia), as well as through the first, second and third sacral foramina 
on either side. This type of anesthetic has eliminated the problem of 
anesthesia for prostatectomy in old and debilitated patients. It is easily 
and simply administered, is almost uniformly efficient, and does not 
cause complications. There was not a death nor a reaction of conse- 
quence in his entire series. Hemorrhage should be treated as an 

37. Davis, Edwin: Perineal Prostatectomy Under Sacral Anesthesia, J. A. 

Jtl. A. 91:1618 (Nov. 24) 1928. 
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emergency measure and should be checked by mechanical means, even 

though it'necessitates a secondary operation. 

Davis expressed the belief that functional results should be as sig- 
nificant. if not more so. than the immediate mortality rate. Good 
functional results are dependent on accuracy in preoperati\e diagnosis 
as well as on proper operative technic. On the basis of his late obser- 
vations and on the assumption that there has been a proper diagnosis, 
preparation and operative technic. Davis made a conscrvati\ e estimate 
that one mav expect 80 per cent of satisfied patients following prostatec- 
tomy and 15 per cent of fairly satisfied patients. 

Lewis employed perineal prostatectomy exclusively for several 
vears, but for the last fifteen years he has obtained better results with 
the suprapubic method. He pointed out that, even though Davis had 
a low immediate mortalit}' rate in his series, in 36 of 100 patients traced 
the condition remained uncontrolled, while six cases of fistula resulted. 
He believed that these should not have been present in any of the cases 
in which prostatectomy was performed. 

Thomas,®* stated that the mortality rate of Davis will not be 
improved for a long time. He expressed the belief that Davis should 
not be permitted to convey the idea that in all cases of prostatic hyper- 
trophy operation should be performed by the perineal route. If those 
who practice this method exclusively would give more attention to the 
route and make the tj-pe of operation dependent on the pathologic 
changes present, not only would the present mortality rates be lowered 
but improvement would attend the morbidity results. It is Thomas’ 
belief that there is something wrong with urology when some of the 
leading exponents contend that prostatectomy should always be done 
-uprapubically. while others insist that it should be done perineally. 

Li\ emiore has favored the suprapubic method of prostatectomy 
>wause he has obtained better results and considers himself more 

cd in it. It is his opinion that the choice of technic is a personal 
matter. 


mley stated the belief that it is useless to attempt a comparative 
perineal and suprapubic prostatectomy because of the 
prcjiK ice of advocates of the two operations. He considers perineal 
Pro-tateclomy a technically difficult procedure, the main difficulty^ being 
1C proper division of the recto-urethralis muscle. If technical faults 
rcm^ operator are not considered, the perineal operation 

’die Mn ' ^ iwnctional result as good as it is possible to obtain bv 

functional result means an incorrect 
''bich will „• "" between the proper dissection 

bico„ii„2 tonctional result and an improper one resulting 

^^^^^^^iniKiice or inpiry to the rectum. 




on Davis (footnote 37). 
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Carcinoma . — Roberts reported three cases of carcinoma of the 
prostate. In the first case he found metastasis to the skull, the left 
clavicle, the left fifth rib, and the abdominal lymph drainage limited to 
the pelvic vessels. The outstanding features of the second case were 
the involvement of the upper dorsal vertebrae and the fourth left rib, 
together with the absence of any involvement of the abdominal lymph 
vessels above the level of the second lumbar vertebra. 

A study of these cases, together with others of a similar nature show- 
ing involvement of the skull and upper dorsal region, suggested the 
possibility of a constant path of dissemination from the primary growth 
in the prostate gland. On theoretical considerations the spinal canal 
was regarded as a possible route, and it was further indicated by the 
widespread involvement of the pelvic bones sometimes seen in these 
cases. It was therefore decided to examine the spinal column in all 
cases in the future. In Roberts’ third case, necropsy serves to support 
the contention. At necropsy the spinal laminae, with the ligaments, were 
removed in one piece from the cervical to the lower lumbar region, and 
at once plaques of growth were seen to involve the whole length of the 
ligamenta subflava and the intraspinal surface of the laminae. Both the 
dura mater and its coiitents and the posterior common ligament appeared 
to be normal. There was an almost continuous direct spread of growth 
on the intraspinal surface of the dorsal wall of the spinal canal from 
the sacral to the cervical region, whereas the abdominal lymph spread 
had extended only as far as the upper lumbar region. It is interesting 
to note that the thoracic duct was uninvolved throughout its thoracic 
course. Histologic section of the temporal bone showed marked invasion 
by carcinoma cells of the same types as those found in the pelvic lymph 
glands and prostate gland. A section of the lamina in the upper dorsal 
region also showed columns of carcinoma cells in the spaces of the con- 
nective tissue of the ligaments and periosteum of the laminae; some of 
these columns appeai'ed to be surrounded by a layer of endothelial cells 
suggesting lymph vessels, while others appeared to lie in close contact 
with the connective tissue fibers and cells. The spinous process and 
lamina were also extensively invoh^ed. 

Roberts discussed the usual methods of the spread of metastasis 
and suggested that another route plays an important (and perhaps the 
most important) part in the distant dissemination of malignant cells 
from the prostate gland. This path consists of the lymphatic vessels 
and tissue spaces of the spinal laminae with their associated ligaments. 
Structurally, the ligamenta subflaA'a consists of elastic tissue fibers with 
a network of lymph spaces both between and on the surface of the fibers 

39 . Roberts, O. W. : Some Notes on Carcinoma of tbe Prostate ; IncltKlini' 
Evidence of an Intraspinous Route of Dissemination, Brit. J. Surpr. 15:t)52, 1928. 
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of which they are composed: also, the inter.^pinal li.^'nments have lo'^c 
connective tissue between the fibrous framework. 1 lie patli by which 
the cells reach the spinal canal is at present unknown, hut in a recent 
postmortem examination two likely pathways were noted. < hie path is 
by the lymph drainage of the prostate gland to the sacral lyinpli glands : 
these glands lie near the anterior sacral foramina and. in this i.ise. re 
found to be extensively invaded. It is possible that pernie.uinti of 
lymph vessels hv the carcinomatous cells may obstruct the Ihiw of lymph 
from the sacral glands to the iliac and para-aortic vessels aticl tiia\ le.ifl 
to an increase' of flow through the vessels linking up the intrasjiinal with 
the intra-abdominal lymph vessels. Along this path, the malignant cell 
would be able to grow and permeation or emboli occur readily. 1 he 
other path noted was the loose connective tissue lying on the surface 


of the levator ani and coccygeus muscles; a tongue of new growth was 
found passing from the prostate gland toward the anterior sacral foram- 
ina in this tissue. Histologically, the growth ai)]icarcd to he due to 
infiltration of loose tissue rather than to lymphatic permeation, hut 
further sections are necessary before this question can be decided. ’1 he 
pehic nen-es appeared to be free from invasion, as did the blood vessels. 
By this intraspinal route, rapid dissemination to distant parts of the body 
is feasible. The vertebrae, ribs and skull are accessible to the invading 
cells, and the involvement of the bone-marrow of these bones may 
account for the extreme anemia and asthenia in cases in which metas- 
tasis is so widespread. Theoretically, one would expect changes in the 
haiph flow in the upper dorsal region, since the main lymph vessel 
and its branches in this region are subject to the suction action of the 


respiratory movements of the thorax and of the negative pressure in 
the great veins. In this way permeation of vessels in the upper dorsal 
region, especiall}- of the left side, would be explained. 

\Mldbolz^® operated on forty patients with carcinoma of the pros- 
tate. Three (7.5 per cent) of the patients died from the operation; 
tiirteen (30.2 per cent) had either multiple metastasis or local recur- 
iron^ eighteen months to three years after operation ; four died 
oni one to three years after the operation of other diseases, without 
ence of malignant recurrence; twelve lived more than three years 
a ter t le operation, and were completely free of the trouble and with- 
cure^''o'''^^ ot recurrence; these might be said to have had an operative 
died of patient died of pneumonia nine years after operation, two 
five vear^^"^^- operation, and one died of apoplexy 

operation. Five patients were completely well at the 
all of thel'^r'^ rvritten. more than three years after operation. In 
the diagnosis was made by histologic examination 


operativer Therapie 
• nca. Wchnschr. 58:726, 1928. 
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TESTES, EPIDIDYMIS AND SEMINAL VESICLES 

Carcinoma.— SchoW^^ reported the case of a man, aged 22, who 
came for relief of pain in the right inguinal region and because of 
swelling of the right testis, which had been severely injured while he 
was playing football fourteen months before. For six months there 
had been a gradual swelling of the right side of the scrotum, until it 
was about twice its normal size. The testis was smooth, rounded and 
slightly larger than normal. The epididymis could be identified easily; 
it was distinctly separate from the testis and markedly enlarged. 

At operation the testis was not increased in size and apparently 
was not diseased ; it was smooth, rounded and a normal bluish white. 
The epididymis was greatly enlarged and irregular in contour. It was 
readily separated by sharp dissection from the testis. There was no 
invasion of the testicular substance, which was normal in size, shape 
and consistence. The epididymis was nodular and reddish. The vas 
was separated and a short segment removed with the epididymis. 
Microscopic examination revealed the growth to be malignant and the 
testis, the surrounding coverings and the cord were removed. Three 
months after operation, a mass 2 cm. in diameter was found below the 
lower angle of the incision. At a second operation, the fascia of the 
external oblique muscle was opened and the stump of the cord excised 
at the internal ring. The cord, tumor and all the surrounding tissues, 
including the inguinal glands and subcutaneous tissue, were then 
removed. Enlarged inguinal glands were not found. The wound healed 
well, and the patient was given roentgen treatment over the lower por- 
tion of the abdomen and the area of recurrence. 

Four months after the operation the patient became short of breath 
and cyanotic. Examination revealed a large amount of fluid in the 
right side of the chest. A needle was inserted into the base of the left 
pleural sac, and 4 liters of blood-stained fluid was withdrawn. Roent- 
gen examination of the chest after removal of the fluid revealed a mass 
about 6 cm. in diameter in the region of the hilum of the lung. One 
week later a second tapping was done, and 2 liters of fluid was removed. 
After that the patient’s chest was tapped about once every ten days, 
from 2 to 3 liters of fluid being removed at each tapping. The path- 
ologist’s diagnosis was adenocarcinoma of the epididymis. 

Tnbcrcnhsis . — Young presented an analysis of twentj'-two cases 
of genital tuberculosis in which he operated at least five years ago. In 
six cases nephrectomy was carried out in addition to the radical removal 

41. Scholl, A. J. : Primarj* Adenocarcinoma of the Epididymis: Report of a 
Case, J. A. .Vf. A. 91:560 (Avg. 25) 1928. 

42. Young, H. H. : Brief Kote on Ultimate Results of Radical Operation for 
Tuberculosis of the Seminal Tract, J. Urol. 19:679, 1928. 
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oi the seminal tract. In several of these cases, severe urinary .syntptuuis 
with involvement of the seminal vesicles and epididymis had ik-velMjwd 
in the tuberculous process. In most of the cases the condition oi the 
patient was poor, with local involYcmcnt extending to tiie seminal 
vesicles and the prostate gland, as well as to the epididymis on one 
or both sides and sometimes to the testes. In live of the early cases ouK 
one seminal vesicle and one lobe of the prostate gland were removed, 
along with one side of the epididymis and one vas. Jieciirreiice ol 
tuberculosis in the remaining side of the cpididvTitis has le<l ^ <mng to 


practice bilateral vesiculectomy and ampullectomy in cases of this tyiic. 
with markedlv improved results in eliminating suhsequeiu iiivolveiiieiil 
of the remaining epididymis. Ihe prostate gland was involved close 
to the urethra in most of the cases. In four patients a persistent uriiiarv 
fistula was present, leakage occurring only during vtrinati<m, indicating 
that it came from the prostatic urethra and not the hladdcr. Patient.s 
were greatly relieved of pain, frequency of urination and hematuria hy 
the operation of removal of the tuberculons seminal tract, even when 
pulmonan- tuberculosis was present and was the cause of death. In five 
of six cases in which both vesiculectomy and ncphrectoin\- were done, 
pulmonary lesions were present but at the last report only one patient 
had died. 

In regard to operative technic. Young has found the use of caudal 
anesthesia usually successful in securing a painless procedure until the 
^eep portions of the seminal vesicles and vas are attacked, and then local 
infiltration anesthesia is usually satisiactoiy in relieving pain. 

There were no operative deaths. Six deaths are known to have 
ocairred during the five years or more since operation : all of these 
patients had pronounced pulmonaiy' involvement before operation. 
Fourteen patients (67 per cent) have been traced and found in good 
condition from one to twelve years after operation (nine, more than 
'e rears; one. four years; three, three years and one, one year), 
tatistics show that seminal vesicles are involved in most cases of 
genital tuberculosis. 

Barney and Colby stated that genital tuberculosis takes its origin 
roni either coexistent or healed extragenital lesions, which are usually 
_oun in cases of genital tuberculosis. In a large percentage oi cases 
r\ nch epidid}Tnis is involved, clinical examination shows invoh'e- 
nent o the prostate gland and seminal vesicles. There are two views 

and°tr! disease: that it is primaiy in the epididr'mis, 

primary in the seminal vesicles. The bacillus of titber- 
be transmitted from the epididr-mis to the seminal vesicle 


in I- and Colbv, ; 

the .Male, j, 


The Treatment of Genital Tuberculosis 
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with the stream of secretion, known as the “descending route,” or the 
infection may follow the blood stream or “ascending route.” Most 
writers favor the former route. 

The lesions of the epididymis usually begin in the globus minor, and 
the seminal vesicle on the same side is the one usually involved. Possi- 
bility of involvement of the second epididymis is decreased by removal 
on the side first affected, and the excision of the vas on the apparently 
healthy side aids in curtailing the spread of the disease to that side. 
The testis may not become affected even after years of contact with a 
tuberculous epididymis. 

Treatment may be surgical or medical. Radical operation involves 
the removal of the seminal vesicles, prostate, vas and epididymis, 
together with the testis if it is involved. Medical treatment may include 
minor operations but consists primarily of the administration of tuber- 
culin, heliotherapy, roentgen rays and ultraviolet rays and does nothing 
more than arrest the progress of the disease in some instances, often 
without improving the general condition of the patient. 

In the author’s experience, epididj'inectomy resulted in as low an 
operative mortality and good results in general as the more radical 
operations. It has been frequently observed that following epididymec- 
tomy the disease found before operation in the seminal vesicles and 
prostate gland not only ceases to progress but actually retrogresses to 
the point of clinical cure. This observation gives support to the belief 
that the disease begins in the epididymis. 

Many patients with genital tuberculosis eventually die of tuberculosis 
of the lung or of miliary tuberculosis, which is probably attributable to 
the original lesion in the lungs or bronchial lymph glands rather than 
to areas of disease which conservative operation or medical treatment 
has left behind. 

Wildbolz stated that acute tuberculous epididymitis is much more 
significant than is generally believed. In about 25 per cent of all the 
patients with tuberculous epididymitis that he saw the condition began 
with an acute period similar to that caused by infection with gonococci, 
colon bacilli or staphylococci. This acute onset occasionally leads to a 
false sense of security, and valuable time is lost. In order not to make 
serious mistakes, it is necessary always to remember that tuberculosis 
may produce acute epididymitis. 

It is usually easy to distinguish acute tuberculous epididymitis from 
gonorrheal or other epididymitis. Acute tuberculous epidid 3 Mnitis is 
produced only in the presence of high allergy. This high allergy is only 
found if the patient has, at the moment, a virulent tuberculous infection, 

44. A'ilcibolz, Han.s : Non.spccific Chronic Epididymitis and Tuberculous Epi- 
didymitis, Proc. Staff. Meet. Mayo Clinic 3:169, 1928. 
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so that in most cases of acute tubercuious epididymitis luiK-rcvdnsis of 
the bladder, kidney, prostate, seminal vcsidc.c. Umi;^ "‘'d 

associated. It the diagnosis does rwt seem clear, one must nb^erve the 
patient a short time. In the case of gonorrheal infection nr other infec- 
tion. the infiltration of the epididymis will regress after a tew days, hi 
a case of acute tuberculous epididymitis diminution of the .-ynpnom'' of 
acute inflammation will he noted, hut the infiltration will not regre"- .ind 
will perhaps progress. This slow regression of infiltration nui'-i .d\\.i\s 
be a warning that the epididymitis may he itiiiercnlons. 

In about 25 per cent of the ca.ses the tnhcrcnlons infection is jirimary 
in the epididymis, and the epididymis should he removed. In more 
than 150 cases of epididymectomy which W ildhoh could trace for many 
years, there was no recurrence of (uhcrculosis of the tcsti*' when it 
was not present in the testis at operation. Wihlholz espres^eil the 
belief that the best way of preventing tnhcrcnlosis of the testis is 
removal of a tuberculous epididymis as soon as possible, and he does 
this even in the acute period of the infection. It i.s .sliglitly more 
difficult to remove the epididymis in the acute stages, hut the acutely 
inflamed epididcanis can be detached and removed scptirately. ,\s .<oon 
as it has been detennined that the epididymis is tuberculous, either 
chronically or acutely infected, it should he removed at once. In 90 })er 
cent ot the cases, there will never he further passage of .spermatozoa 
Consequently, there is no reason for not removing it. 

Ilildbolz has tried the various conservative methods of treatment, 
such as tuberculin, roentgen rays and heliotherapy. Even after employ- 
ing conseiu-ative nonsurgical methods for one or two years, he was not 
certain that the recover}- was complete. He has removed the ejiididymi.s 
0 towing treatment by conservative methods for from three to seven 
>ears. and has found many tubercles and virulent bacilli. He believes 
la in the reports of healing in cases of tuberculous epididymitis after 
tuberculin treatment in a few weeks or months the condi- 
n uas not mberculoiis epidid}'Tnitis but chronic nontuberculous epi- 
’ .nuitis, a disease not yet universallv known. 

deak^*”'^ assil jeff stated that most of the literature 

witl^ T"' clinical diseases of the seminal vesicles and little 

tioned'^"^ Pathologic anatomy. The seminal vesicles are often men- 
fcom various disease processes. Using the material 

o{vp--~i IVassiljeff attempted to determine the frequency 

changes due to disease and age. 

case.^ ot svlrT ^ “atenal rvas divided into the following groups : six 
____^^Pnnis (syphilitic mesa-ortitis with aneurysm and progressive 

A -X T v. ' 

i''- U Patbologischen Veranderungen der Samen- 

urund de^ Leichematenals). Ztschr. f. urol. Chir. 24:502, 1928. 
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paralysis) ; ten cases of nonspecific diseases of the vascular system, 
arteriosclerotic and contracted kidney, and arteriosclerosis of the cere- 
bral arteries ; thirty-one cases of all types of tuberculosis, that is, of the 
lungs, kidneys, genital organs — acute, miliary and chronic; thirty-six 
cases of all types of acute and chronic septic processes, such as endo- 
carditis and peritonitis, and also the acute infectious diseases ; twenty-six 
cases of malignant growths of the various organs, and eleven cases of 
miscellaneous growths and diseases. 

Changes in the seminal vesicles were grouped as follows : compara- 
tivel}^ pure types of changes in the seminal vesicles due to age; changes 
which are on the borderline between those due to age and those due to 
pathologic conditions, and pure pathologic changes. 

Wassiljeff stated that changes of the seminal vesicles due to age 
show themselves in thickening of the septums of the vesicles, in diminu- 
tion of their lumen, in substitution of the muscle fibers by connective 
tissue, in deposition of pigment in the epithelial cells, and in complete 
atrophy of the vesicles. The vascular system of the seminal vesicle 
capsule is early affected with arteriosclerotic changes. Deposition of 
pigment in the cell elements of the walls of the vesicles and the forma- 
tion of cystlike diverticula may also be attributed to changes due to age 
and is apparently aided by the cachectic diseases. The formation of cysts 
is probably instituted by inflammatory processes, increasing with the 
addition of connective tissue, and occasionally there may be obliteration 
of the lumen of the vesicle. Inflammatory processes were frequently 
found in the seminal vesicles, sucli as metastatic pus vesiculitis, chronic 
and acute catarrhal vesiculitis, chronic fibrous vesiculitis (dilated or 
atrophic vesicles) and chronic perivesiculitis. 

Chronic inflammation of the vesicles was demonstrated in 47 per 
cent of the septic cases, in 80 per cent of the syphilitic cases, and in 
19 per cent of the tuberculous cases. Tuberculous changes of the 
vesicles were found in 22.8 per cent of the cases of general tuberculosis. 
The calcification of the contents of the seminal vesicles results occasion- 
ally in cases of tuberculosis. In cases of malignant growths of the 
prostate gland and the bladder, infiltration of the walls of the seminal 
vesicles was observed. Metastasis from tumors of distant organs is 
not infrequently found but is usually overlooked, since macroscopic 
changes are not sharply outlined. 

URETHRA 

Carcinoma. — Robb,^” in reviewing the literature, found that the 
lesion usually occurs deep in the bulbous urethra where it may arise 

46. Robb, J. J.; Cancer of the Male Urethra: Report of Two Cases with a 
Short Survey of the Subject, Brit. J. Surg. 15:605, 1928. 
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from Cowpers glands or from other glandular strucuirc. I he ca-c 
reported by Robb is apparently the first one on record in winch cancer 
of the urethra originated in a stricture. The patient, a man. age<l . 
contracted gonorrhea at the age of 21. For sis years he was treated tor 
a stricture which had been dilated on 111 occasions, a total ..i -1// 
instruments having been passed. Evcnlnally, it iiecatne irniKosihlc to 
pass instruments, and he was admitted to the hospital. hard stricture 
could be felt at the penoscrotal angle, with a nodnle ahimt the sire 
of a “small marble" on its upper and left side. 'Ute sirictnrc wa-- 
e.xcised. and microscopic examination of the tisstte revealed a traii'-itional 
cell carcinoma. Further operation was refii'^cd at the time, hut tw<i 
and a half months later, on recurrence of the nodule, the patient coji- 
sented to amputation. A case was reported also of a inaTt. aged T/i. who 
was admitted to the hospital with a suprapubic fistula following cystf)!- 
omy. There was a dense mass in the perineum. .\ s])ecimen removed 
revealed transitional cell carcinoma. 

From seventy-six case reports from the literature in which evidence 
as to the nature of the tumor was available, the following list wa.'- 
compiled: squamous cell carcinoma, 73 per cent; cohimnar cell car- 
cinoma. 1.5 per cent; papillarv' carcinoma. 3.5 per cent ; adenocarcinonia, 
21.2 per cent (from Cowper's glands), and transitional cell carcinoma. 
1-3 per cent. 

Great difficulty was experienced in determining the site of thc.^c 
tumors, owing to the insufficient data in the recorded case.s. Robb, 
therefore, referred only to the sixty-one case reports found by Diehlc 
and classified as follows : membranous urethra, thirty-three ; pars caver- 
nosa, hventy-six ; and fossa navicularis. two. Recognition of the high 
percentage of squamous cell carcinomas which occur in the male urethra 
rasts doubt on the small number originating in the fossa navicularis. 
escriptions are inadequate to make this opinion decisive, but in a 
arge proportion of cases in which the anterior part of the pars caver- 
nosa IS involved, the condition may originate in and around the fossa 
oar icularis and thence spread backward. 

Carcinoma of the urethra is rarely diagnosed in its earlv stages ; 
most of the patients are treated for strictures of the urethra, and not 
been course is the proper label affixed and adequate treatment 

diatelv ^-'‘■pressed the belief that it would be true wisdom imme- 
tumor pathologic change toward the formation of 

it a' ^ os tending toward malignant disease and to treat 


die first disease may be dirided into three stages. In 

die earlv ’S difficulty' in urination because of 

Ponied bv ^ that is usually accom- 

hral pain. Often there is a purulent or blood-stained 
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discharge. Retention of urine sooner or later occurs, and the picture 
immediate])^ suggests simple stricture. The patient looks well hut as 
a rule feels weak. This stage may exist for several months. In the 
second stage, a local tumor forms. In the third stage, infection is the 
predominating factor; periurethral abscess forms which, on bursting, 
results in fistula. In 80 per cent of the cases this fistula opens on the 
under surface of the penis. 

Peters stated that primaiy carcinoma of the male urethra is rarely 
encountered; there are less than 100 cases reported in the literature. 
Gonorrhea, stricture, leukoplakia or any other chronic inflammatory 
process is probably not of primary importance. 

A case is reported of a patient, aged 42. The bladder was dis- 
tended, and attempted catheterization met obstruction in the deep 
urethra. On incision, pus and urine were encountered in the tissues. 
The inflammatory portion seemed to be on the edges of a distinct mass 
of hard tissue which had not broken down, and sections taken for 
examination revealed epidermoid carcinoma. 

Chute, in discussing Peters’ paper, reported a case in which he made 
an opening into the urethra and curetted a cavity behind a urethral 
stricture. Fifteen 3'ears later, a mass in the lefi side of the perineum 
and a fistula near the penoscrotal angle were found. -Some time later, 
Chute operated and removed a mass of hard tissue and a considerable 
portion of the left side of the urethra. Microscopic examination 
revealed carcinoma. A year later the patient returned, showing an area 
of recurrence entirely surrounding the urethra. Chute cut out a section 
of the urethra and sewed the ends together. 

[Compiler’s Note; Primary tumor of the urethra is extremely 
rare. In one series of 16,637 cases of tumors of various organs cited 
by Englisch,^® no instance of malignant growth of the urethra was 
noted. In another series of 4,000 cases of disease of the male urinary 
organs, only 3 were of carcinoma of the urethra. In 358 cases of 
carcinoma of traumatic origin reviewed by Lowenthal,'*® there were 
2 of carcinoma of the urethra. 

Occasionally urethral carcinomas are preceded, as in Chute’s case, 
by periods of urinary difficulty and irritation. The formation of tumor 
is somewhat analogous to the long-standing premalignant stages pre- 
ceding the development of squamous cell tumors of the urinary bladder. 

I - 

47. Peters, C. N. ; Primary Epidermoid Carcinoma of the Male Urethra, New 
England J. Med. 199:269, 1928. 

48. Englisch, J. : Das Epithelium der manniichen Harnrohre, Folia urolog. 
1:38, 1907. 

49. Lowenthal. Car! : Ueber die traumatische Entstchung der Geschwiitstc, 
.-\rch. f. klin. Chir. 49:1 and 267, 1895. 
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Konig^'^ reported a case of urethral carcinoma developing after unnary 
obstruction of forty-eight years’ duration, and ( iherlauder ■ ’ imted a 
somewhat similar case developing after forty years of urinary difiicuUy. 

The onset may he quite rapid in young ]>ersons. Harney • mid 
Fuller '■= both reported cases of sudden onset with acute retention. 
Schustler-'^ reported a case of acute retention with fourteen day.' of 
uremia, followed by death. Most of these tumors occur at the ti'ual 
site of the formation of the stricture. Of forty-two case.- of (..inniom.i 
of the male urethra noted hy l^reiswerk."" thirty-eight were in tlie 


membranous or cavernous urethra. 

ilost of these carcinomas have a histologic structure similar to that 
of squamous cell epithelioma of the {lenis. although of a higher rlegree 
of malignancy. Metastatic growths, which are not common, have the 
same tendency to remain localized in the primary glands as do liio^e 
arising from epitheliomas of the penis. .-\t limes the only symptom^ 
are those resulting from moderate ohstruction. together with markeil 
hematuria, especially after urethral manipulation. 


Dh'crtiaila . — ]tIouat stated that urethral diverticula may he con- 
genital or they may he acquired. Those in the jirostatic urethra 
are most commonly acquired from the gradual increase in size attd 
communication with the uretlira of a sac containing prostatic calculi. 

a less common type, the prostatic urethra may gradually hccome 
distended to form a sac as a result of the lodgment of stones in that 
portion of the canal. Mouat reported a numher of interesting cases, 
hi one a 2 ounce (56.7 Gm.) stone was found in a sac which com- 
municated with the posterior urethra. At operation, the stone was 
cut down on from the perineum. It was deeply grooved on the surface, 
corresponding to the gap in the floor of the urethra. 'I'hc ]iouch was 
c-\cised, and the edges of the urethral opening were stitched together 
O'er a catheter inserted into the bladder. 

In the anterior urethra, the acquired type of diverticula is much more 
common than the congenital variety. .-\ case is described of a stone 


des Bulbus und der Pars nuda urethrae. Monat‘:b] f 

'“101. oiMl, 1901. 

lnterm?^r ’ ®^hrag zur Lehre votn primaren carcinoma urethrae, 
"fe 'I- Physiol, u. Path. d. Harm u. Se.x-Org. 4:244. 1893. 

honoii the Male Urethra: Report of Two Cases. 

^3 Full ^ 

F.utan S- To Successful and Successive Cases of Prostatectoniv T 

54 ’ g^'tO'-hJon. Dis. 13:229, 1895. ' " 

"n^tat der'^mSmlirhl’ von Epithelil carcinoma in der Konti- 

-'3. Preis4rk p" ^!™™hre. ^Yien. med. Wchnschr. 31:157, 1881. 

2t?chr. 1 . Primare Karzinom der manniichen Urethra. 

Mou lyO/. 

’ h'rethral Diverticula. Brit. J. Surg. 16:51, 1928. 



368 


ARCHIVES OE SURGERY 


in a pouch which coinnninicated with the floor of the urethra at the 
penoscrotal juncture. The stone was cut clown on, under local anes- 
thesia, and removed from the thin-walled sac, whicli was tightly 
stretched over it. A small opening which communicated with the urethra 
was stitched up, and the thin-walled sac was obliterated. 

In forty cases of acquired diverticula of the urethra, there was a 
history of a previous operation on the urethra in sixteen; in the 
remainder, false passages, blows or falls on the perineum and peri- 
urethral abscesses are stated as possible causes of the condition. 

The diagnosis of a pouch opening into the anterior urethra is as a 
rule easily made, as the stones which are usuall}'' contained in the sac 
can generally be felt in the perineum. When the sac is not fully 
occupied by calculi, it may become distended during the act of micturi- 
tion. The diagnosis is more difficult if the diverticulum is connected 
with the posterior urethra, although with present day urologic technic 
it is possible to fill the pouch with a substance that will cast a shadow 
and which readily outlines the diverticulum. 

Calculi in the prostate gland give rise to a sense of weight, pain 
and irritation in the perineum and sometimes to retention of urine. 
Crepitation, which may be felt by the examining finger in contact with 
stones in a pouch, is characteristic and has been compared to “beads 
in a bag.” 

When it is possible, an attempt should be made to dissect out the 
wall of the sac, after it has opened and emptied of its contents. The 
aperture of communication with the urethra ma}' be closed by suturing 
lateral flaps, which have been dissected up at the neck of the sac. 
Usually the most that can be done in the acquired forms of proslatic 
diverticula is to cut down and evacuate their contents by a median peri- 
neal section, a procedure that is sometimes followed by a reformation of 
stones. 

McKay and Colston found that reported cases of diverticula of 
the urethra are rare and that in only a few are methods of treatment 
given. The symptoms of urethral diverticula depend on the site, size, 
depth and degree of infection. The most obvious symptoms are deej)- 
seated pain in the perineum, dysuria and dribbling at the end of urina- 
tion. A diverticulum of the anterior urethra often presents a fluctuating 
tumor that fills during the act of urination and is easily emptied by 
pressure. A diagnosis is usually made by means of the cysto-urethro- 
scopc and the roentgen rays, and the transitorv subsiding tumor is 
occasionally seen. 

57. ^^cKay. R. W., and Colston, J. A. C. ; Diverticula of the itfale Urethra, 
Stirp:. Gyncc. OI)st. 48:51, 1929 . 
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If the diverticulum is to be resected, an incision is made oyer the 
diverticulum through the skin and subcutaneous tissues. It is tlicn 
freed by sharp and blunt dissection. It is resected close to its entrance 
into the urethra, and its stump is turned into the urethra by a purse- 
string suture, similar to tVie Ynavmer in which the stump of the ccruii- 
fomr appendix is turned in. The purse-string suture is reinforced by 
bringing the surrounding tissues over by means of mattress sutures. 
The bladder is drained by an inlying catheter through the urethra ; tlie 
operative area is not drained, but skin and subcutaneous tissues are 
closed by fine silk or silver clips. 

Another operative procedure described by McKay and Colston is 
opening the diverticulum into the prostatic urethra, thus making 
one cavity. This method is applicable only to the diverticula found in the 
posterior or prostatic urethra. A perineal or suprapubic approach is 
used with the idea of removing the roof from the diverticulum and 
converting the cavity of the diverticulum and the cavity of the prostatic 
urethra into one common opening. This insures proper drainage and 
also obviates obstruction to urination. 

In ten reported cases, seven patients were treated by operative pro- 
cedures, and one was treated by the injection of silver nitrate. Two 
patients refused treatment. Only one case was complicated by stone. 
In the seven cases in which operation was performed, complete resection 
was done in five, followed by closure of the defect in the urethra over 
a soft rubber catheter. In four of five patients treated by resection, the 
dnerticula occurred in the anterior urethra, and in one, in the posterior 
urethra just behind the external sphincter. 


EHsltad'm . — Davis observed that success has been attained in 

practically every case in which the surgical procedures in the treatment 
^ epispadias in the female have been properly planned and executed, 
e Slated the belief that it is unnecessary^ to subject the patient to the 

ot ascending renal infection, which is alwavs present after this 
'Operation. 

in ^™ployed a two-stage procedure, the second step of ivhich is 
'lecessar)' when the first one is properly carried out. The 
inad'^^^^^ ^onsists of thoroughgoing plastic repair of the defect. He 
a wide exposure of the affected areas, and sufficient and 


huWOUgWy 
'■idem. It is 


controlled excision of 


areas, 
excessive mucosa 


was done under 


" can -K urethra small enough ; if it is too small 

■■'■'id niutri' ^dated, but if it is too large the operation is a failure 
repeated. Care should be used in suturiug live halves of 

Epispadias in Females and Its Surgical Treatment, J. 


Ir,!. 2o.f-3 


D. 

1928. 
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the defective internal sjdiinctcr nni.scle over the anterior aspect of the 
newly formed vesical orifice. The urine should he diverted by a 
drainage tube in the bladder during the period of healing. If the first 
ste[) should fail, Deniing’s gracilis miuscle plastic operation is per- 
formed. Davis e.xpressed the belief that these methods can be relied 
on to pioduce a cure in jjracticall}' ever)' case of epispadias in the 
female. 

MAUr.NANT ni.SEASi; OK TIIR UKIN'AUV TRACT 

Barney stated that hematuria is the most common and often the 
earliest symptom of malignant disease of the urinary tract. It may be 
microscopic or macroscoijic. It cannot be influenced by medication, and 
it may not reappear for weeks or months. Pain is not an outstanding 
feature of malignant disease in this region. It occurs generally at a 
late stage in the disease and is frequently felt in places other than the 
primary source. Metastasis from proslatic carcinoma occurs early and 
often, from the kidney later and less frequently and from the bladder, 
late and seldom. About one fifth of all cases of prostatic obstruction 
are associated with carcinoma of the prostate gland. It may not give 
rise to urinary symptoms. 

Early diagnosis of malignant disease of the urinary tract is made 
with disappointing infrequency, because of the fact that it does not 
cause outstanding symptoms until well advanced. 


URINARY INFECTION 

Schlack reported that in cultures made from 350 specimens of 
urine of eighty infants, 45 per cent remained sterile. In the non- 
sterile group, colon bacilli were found in one-third and cocci in the 
remaining two-thirds. In spite of the finding of bacteria, there was no 
pyuria. The pyuria ma}' begin with bacteriuria or with symptoms of 
nephritis. 

Experimental and clinical observations on the dehydration t}'pes of 
pyuria are noted but not considered as true infection. They are recog- 
nized as renal symptoms, since there are no bacteria present and the 
cells in the urine are mainly mononuclears, which Schlack assumed 
came from the renal tubules. In many cases, in spite of earl}' p3'uria, 
the sediment contains mostly mononuclears. Doubtless these cells in 
the urine are epithelial in origin. Microscopic study of the kidney 
supports this view. 


59. Barney, J. D. : The Early Diagnosis of Malignant Disease of the Urinary 

Tract, New England J. Med. 199:281, 1928. t • j i <-te -yjd 

60. Schlack, Hans; Zur Pathogenese der Pyurie, Jahrb. f. Kinderh. H8:Z-4, 


1927; abstr., Ztschr. f. urol. Chir. 24:363, 1928. 
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EXTRAVASATION OE URINE 
Soloway stated that extravasation ot urine is an cmerucncy con- 
dition demanding immediate surgical attention. It is caused by stricture 
of the urethra in most cases and is usually accompanied by a periurethral 
abscess. In cases of extravasation in which there is no obstruction to 
urinart' outflow, the anaerobic organisms are significant etiologic.dly . 
The course of the extravasated urine is determined by the relationship 
between the point of rupture of the urethra and the fascial planes of the 
perineum. The most common site of rupture is the bulbous urethra, 
then the membranous urethra, and rarely the prostatic uretlira. 1 lie 
physical state of the urine at the time of rupture was observed to jday 
an important part in the course of the condition. Soloway e.x])ressed 
the belief that the best results are obtained by radically opening the 
focus of infiltration with wide incisions and by rectifying the stricture, 
^Yhen present. Both of these procedures should be done at the same 
time. Spinal anesthesia has given satisfactory results. 

Streptococcus scrotal and penile gangrene and idiopathic gangrene 
of the scrotum are conditions tvhicli closely resemble extravasation and 
from which it must be distinguished. The prognosis depends on early’ 
diagnosis, the duration of the extravasated urine, and immediate radical 
operation. 

URtN.\RY ANTISEPTICS 

^oit®- conducted experiments to detennine whether or not the 
body disposes of methenamine mainly’ through the urinary tract or by’ 
other means. He found that in the oral administration of methenamine 
(trom 2 to 200 Gm.) free formaldehyde is formed within fifteen 
'mnutes: in hyperacidity, it occurs in correspondingly greater amounts. 
1 is to be assumed that this formaldehyde may be lost as far as thera- 
peutic value is concerned, as it is not always found in the urine. 
• etienamine administered intravenously yields greater quantities and 
01 1 lat reason is found more often in the urine as free fonualdehyde. 

nrther research and animal experimentation have shown that it is 
skbr^^F^’ showed that it may be excreted by the 

to'be 7'^”^ concluded that if any therapeutic value is 

administration by mouth, large quantities must 


PUXCTIONAL TESTS 

iufluuSnrti function is one of the most vital factors 

he treatment for urologic surgical conditions. Subsequent 

Voru' Extrax-asation of Urine, J. Urol. 20:569, 19^8 

™r!'24T3tr Ausscheldung von Urotropia. abstr., 

’-■''I ^™otion in Urologic Surgery, J. 
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to openitioii, :i continuous knowledge of renal function is of decided 
value in checking ofT the i)rogre.s.s, estimating tlie prognosis and 
influencing the future conduct of the case. Such knowledge is par- 
ticiilarl}' applicable in cases of prostatic obstruction, in which, due to 
back ])ressure on the kidne\'s, congestion soon gives way to renal injury. 
Dating from the time when regional anesthesia was adopted as a 
routine measure, in a series of 171 consecutive cases of prostatic obstruc- 
tion in which treatment was !)}• open oj)eration, only 1 patient (the one 
hundred and twenty-seventh) died. 

Combined estimations of the chemical constituents of the blood and 
phenolsulphonphthalein have been found satisfactory in determining 
renal function, but the limitations of either when employed alone have 
been demonstrated. The observation of a persistently high blood urea 
has indicated poor renal function. Under reduced protein diet and 
forced fluids it has been observed that the blood urea often recedes 
rapid!}', while the phenolsulphonphthalein output remains low. In these 
cases estimations of blood urea alone are of little value, or in combi- 
nation with the phenolsulphonphthalein test should not influence one 
against the evidence produced by the phenolsulphonphthalein elimination. 

Bugbee attempted to maintain as closely as possible a renal balance 
throughout. Necessary preliminaries to this end are slow decom- 
pression of the bladder, should the residual average be more than 
300 cc., and drainage with the indwelling catheter until the function 
has been stabilized under the relief of back pressure. Bugbee expressed 
the belief that the type of procedure used in cases of benign hyper- 
trophy of the prostate gland is mainly a matter of personal choice for 
the operator to decide in the particular case. In his series, if there 
was the slightest doubt as to the advisability of preliminary cystostomy, 
this procedure was instituted. In 5 of the 171 cases perineal prosta- 
tectomy was done, and in 5, suprapubic prostatectomy in one stage. In 
2 cases of carcinoma, only permanent suprapubic drainage was estab- 
lished. In 8 cases a punch operation was adequate after preliminary 
cystostomy, the prostate gland having become reduced to such an extent 
that only a fibrous ring remained. Enucleation through a drainage 
wound is seldom difficult ; in none of Bugbee’s series was enucleation 
incomplete or tabs left to interfere with function. There is less tendency 
to hemorrhage following enucleation after cystostomy drainage, and it 
is more easily controlled with the hemostatic bag than after the single 
operation. 

Only 4 operative deaths occurred in ISl consecutive operations 
on the kidney. With due credit to the significance of the early and 
correct diagnosis of renal lesions, Bugbee considered that a higher mor- 
tality was prevented by continued study of the affected kidneys, which 
largely governed the management of the cases. 
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TESTS OF REXAL FUXCTION 

Maxwell referred to a study made by ilacAdani and Shiskiii 
who found that the cholesterol content of the plasma appears to be a 
fair measure of the degree of the individual resistance to infection. 
Such estimations form a useful guide to the degree of operative risk in 
cases of urinary obstruction. Assuming the lower limit of the plasma 
cholesterol in health to be 0.13 Gm. per hundred cubic centimeters, thcv 
found that of eighteen patients with values below this limit, sixteen 
died of pyelonephritis and only two recovered. Of the seventv patients 
vith cholesterol values above 0.13 Gm. per hundred cubic centimeters, 
eleven died, in only one of whom was death a result of ascending 
urinar} infection. It was also noted that, in a large proportion of the 
cases m which low cholesterol value was found, the clinical condition 
did not contraindicate operation, and such clinical evidence as there was 
depended on some degree of defect in renal function rather than on the 
atent sepsis, from the effects of which the patients ultimatelv suc- 
cum e ilacAdam and Shiskin considered that the test is of much 
ess vahie in cases of malignant disease, the cholesterol figure being fre- 
quently high even when pyelonephritis coexists. iMaxwell pointed out that 
Z/r'" cholesterol content of presumahlv normal 

In thJc J^O’ing from 0.08 to 0.23 per hundred cubic centimeters. 

the resulT^l that the interpretation of 

fron W ^ cholesterol differs considerably 

The bloorf ^ chemical examinations of the blood. 

»nd nefe I'-e n,„ch less variable nornsal vaiaes, 

panly recom! eH K affected by a miiltittide of external factors. 

Of fi\e naSnK vf f "nknotvn. as is the plasma cholesterol, 

tad r skf;™ J'r '7 '“““■•o' '-aloes and tvho should have been 
"onus, cltXeml ‘"'1 '"•='« Patients tvith 

Three of the reiiiain' clinicallv unfit for any operation, 

results do not b eight patients died. IMaxwell stated that these 

tisnificance of tenh^ and Shiskin as to the 

The chit diffietdS" tl “■ 

die wide ranae of variat" of the results appear to be 

^'ul the consequent imno^M observed in normal persons 

^'>ven ease, level in health for any 

in lowerintT the ” ”7"^ appears to have considerably more 
P’-'^-'^ciit. so that d^’eductionrT ''^"tent than is realized at 

previous to the relief of'tE obtained 

^ or the obstruction. 

1 ' Tames* c* -r- 

S„ra„,;,Bri, S„r, “■"‘‘-“oteterol i„ Cnito- 
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The impression gained was that clinical observation, combined with 
observations on blood urea and urea concentration, yielded in most cases 
a reasonably accurate forecast of future events. On several occasions 
a low plasma cholesterol content suggested a bad prognosis, which did 
not materialize, whereas other patients with normal cholesterol values 
but who were bad operative risks clinically were either refused opera- 
tion on clinical grounds alone or died shortly thereafter as a result of 
some complicating infection. 

It would seem that owing to the present rudimentaiy state of knowl- 
edge concerning the cholesterol content of the blood plasma, it is 
impossible to achieve an accurate summing up, with consequent enlight- 
enment, from the consideration of ajiy individual case. Maxwell 
expressed the belief that what is really needed is a more intensive study 
of the normal values obtained in health}' persons, a more complete 
investigation of the factors causing changes in the plasma cholesterol, 
and a closer study of cholesterol values and of cholesterol curves in 
different pathologic states. It would be unjust to refuse operative 
assistance to any patient suffering from the effects of urinary obstruc- 
tion merely because on one occasion previous to the proposed operation 
a low plasma cholesterol value had been reported. Such results are 
extremely likely to be equivocal, and interpretation is open to fallacy. 

(To be confUmed) 
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TRAUMATIC SUBCLAVIAN ARTERIOVENOUS 
ANEURYSM 

FIXAL REPORT* 


EDGAR LORRIXGTON GILCREEST, M.D. 

SAX KRAN'CISCO 


It is interesting that a condition for which the trentn 7 cnt is ptirelv 
surgical should have fascinated one of the world s greatest clinicians, 
"ho contributed much to the history and to tlie present scientific 
knowledge of arteriovenous aneurysm. _Xo physician or surgeon can 
fail to be thrilled by reading the contributions of Sir William Osier on 
this subject. Immediately one is impressed with the true catholicitv 
ot the pure scientific mind which he possessed. He himself stated: 

etter than any other disease, aneuru-sm illustrates how borderless are 
tie boundaries of medicine and surger}-.” There is a wealth of mean- 
ing to be gleaned in this one sentence in this day of necessar.- speciali- 
zation winch frequently leads, unfortunately, to a contracted point of 
aeiv ot disease as a whole. 


A study of medical histor}- reveals that tlie aneurysm has had a 
^nicuar fascination for many of the greatest masters in medicine, 
and Tki? immediately to mind are Rufus of Ephesus 

iviir ” w ^ century and, later, William and John Hunter, 
'■vmnt™ recognize and to describe the 

ias arteriovenous aneurysm. John Hunter, a few years later, 

don Tn operate, and successfully, on a patient with 'this condi- 

added V I William Halsted and Rudolph Matas have 

and ind. a ^ contributions. Although 1,800 years have rolled bv. 
still bit by bit. has been acqmred, surgeons 

c ^"^"^'tional information in order to explain 

'"^rhanism n u A physiology: (1) the exact 

the pin ‘ of the heart, and (2) the retardation 

The ^ closure of the arteriovenous fistula. 

''■bcthtrlp'? ^^^'^Tuostiou of the treatment is likewise sought: 
=ncriov ™„„5 £ ,"y '"'“"'Paying vein is imperative in an 

fi-tula or at least advisable in a simple aneurr-sm, unless 

• for publication, ilarcli 29. 1929 . 

"kl ^"''"sity of California Medical School. 

Association, Greenbriar Hotel, White 
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circumstances permit restoration of the original channels with elimina- 
tion of the fistula after the method of Matas. 

From the point of view of treatment, aneurysms resolve themselves 
into two types: (1) that in which the artery alone is involved, known 
as a simple, saccular or fusiform aneurysm, and (2) that in which the 
artery and A'ein are both involved and a communication is thereby estab- 
lished between them, known as an arteriovenous fistula or aneurysm. 
In the latter condition there is more involvement of the venous system, 
and it is this lesion only with which I am at present concerned. It is 
most important in the treatment to know definitely which of the two 
conditions is present. 

The multiplicity of the names for this second group of lesions is 
often misleading. 1. arteriovenous aneur 3 ^sm or A'aricose aneurysm 
is meant an indirect communication between an artery and a vein by an 
intermediary sac or channel. 2. By arteriovenous fistula or aneurysmal 
varix is meant a direct communication or immediate apposition between 
an artery and a vein. 

The report of the present case is of particular interest because of 
(1) the duration of the arteriovenous aneurysm; (2) the development 
of the right side of the chest, the right shoulder girdle and the entire 
upper right extremity to tremendous size, and (3) data collected before 
and after operation which add important proof to many of the experi- 
mental and clinical observations and the studies of Halsted, Matas, Reid 
and Holman. 

The combination of ligations executed in this case, as far as I can 
ascertain, has never been used before. James E. Thompson, in 1915, 
ligated the innominate artery successfully for the cure of a subclavian 
aneurysm in its first portion. He was able to find authentic references 
to fifty-two similar ligations in which there were sixteen recoveries, 
that is, 30.7 per cent. Since 1880, the procedure has been followed 
twenty-six times, with twelve recoA'^eries and fourteen deaths. As 
Thompson stated, “This death roll, 53.8 per cent, is enormous, but the 
disease, is almost certainly fatal sooner or later unless treated by surgical 
means.” 

A preliminary report of this case Avas made on Dec. 8, 1927, before 
the Western Surgical Association in Omaha. At that time, the patient 
AA’^as clinically well. He has since returned to the hospital and addi- 
tional distal ligations have been successfully accomplished, with the 
result that all evidence of the aneurysm has disappeared, his arm has 
decreased to normal size and he “feels perfectly well. ’ I therefore desire 
to review the case in full and make a final report. 

REPORT OF CASE 

A Mexican, aged 35, had been married for seven years and had five children. 
His wife had had no miscarriages. The patient stated that he had always been 
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well and strong, and that he did not smoke or drink alcoholic beverages. The only 
accident which he had ever sustained was the following •. 

On Dec 12. 1920, while walking down the street in Kavojoa, Mexico, about 
11 p. m., on tlie way to his hotel, he was halted by two bandits who were crouched 
on the ground; the instant that he was ordered to hold up his hands he was shot 
through the chest. The bandits were in front and somewhat to his left. Tins 
gave the bullet an upward and outward direction. Immediately he became uncon- 
scious and fell to the ground. After three hours he awoke and found himseh 
in a pool of blood. He gradually made his way to the hotel, about 500 yards 
distant, resting at frequent intervals. On his arrival there a physician was 
secured at once. 

The wounds were healed in fifteen days. The patient remained in bed abont 
twenty-five days. On the second day after the injury he felt a thrill beneath 
the right clavicle. The arm was paralyzed and numb immediately after the accident 
and remained so for four or five weeks. Then there began to be terrific pains 
and cramps in the entire arm; these gradually lessened. Two or three weeks 
later the patient was able to move his arm. From the day of injury the arm was 
swollen and darker than normal. The patient was told by the physician that he 
had an aneurysm and that he needed an immediate operation. The patient hesi- 
tated to have it performed at that time as he desired further consultation. 

-About Jan. 20, 1921, he returned to his work as bookkeeper. He did not attempt 
to use his right arm as it was “weak and stiff.” He was at this time under no 
physician’s care, and the arm hung limp at his side. He rubbed it frequently to 
stimulate the circulation. By July, six months after the injury, the pain bad 
subsided a great deal, much strength had returned and there was much better 


movement of the fingers. The patient now began to work with his right arm and 
hand. He wrote with it, did bookkeeping and drove an automobile, but he could 
not use a tjqiewriter or lift any weight. During this time the diseased arm was 
only slightly larger than the other. 

In September, 1921, the patient sought the opinion of a surgeon in Mexico City 
on account of the increased distention of the veins over the axillao' fold and 
oicst. An operation was not advised, and the patient returned home. 

Trom this time until eight months before the first operation, there was little 
'arisC except that the arm slowly- increased in size, and the veins in the axilla 
anterior part of the chest became more and more distended. During 
abl ^ patient carried on his regular work about the office and was 

tiri ° everything except use a typewriter, which was prevented bv 

'Mk 01 mobility of the fingers. 

jjj. 1927, the patient noticed that his entire arm was becoming much 

'TPcT unable to use it as before. The veins in the 

psri ot the arm, axilla and chest became more visibly distended. After 


'bat time he 


noticed that if he put his hand down it immediately became much 


S'tollcti A .1 A • ^ iL immeuiaceiy Di 

standing 5tiir‘ shortness of breath even when 

inn n f office. This dyspnea was distressing when he attempted to 
He naVed impossible to run or climb stairs rapidlv. 

I'^nucMlv W therefore was not compelled to sit down to rest 

Durin- th ^ of the ankles, 

before operation the arm increased more rapidlv in size 

"'* of hu loJt cT impossible to insert it 

ehxiw made i Tmno . M \ heamc The swelling in the region 

mpo.-sible lor him to bend it very much. The swellincr in 
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cii ciinistiuiccs permit rcstonition of the* original channels with elimina- 
tion of the fistula after the method of Matas. 

From the point of view of treatment, aneur\'sin.s resolve themselves 
into two types; (1) that in which the artery' alone is involved, known 
as a simjde, saccular or fusiform aneurysm, and (2) that in which the 
artery and vein are both involved and a communicatio)i is thereby estab- 
lished between them, known as an arteriovenous fistula or aneurysm. 
In the latter condition there is more involvement of the venous system, 
and it is this lesion only with which I am at present concerned. It is 
most important in the treatment to know definitely which of the two 
conditions is present. 

The multijilicity of the names for this second group of lesions is 
often misleading. 1. By arteriovenous aneurysm or varicose aneur)’sm 
is meant an indirect communication between an artery and a vein by an 
intermediary sac or channel. 2. By arteriovenous fistula or aneur^'^smal 
varix is meant a direct communication or immediate apposition between 
an artery and a vein. 

The report of the present case is of particular interest because of 
(1) the duration of the arteriovenous aneurysm; (2) the development 
of the right side of the chest, the right shoulder girdle and the entire 
upper right extremit}^ to tremendous size, and (3) data collected before 
and after operation which add important proof to manj’- of the experi- 
mental and clinical observations and the studies of Halsted, Matas, Reid 
and Holman. 

The combination of ligations executed in this case, as far as I can 
ascertain, has never been used before. James E. Thompson, in 1915, 
ligated the innominate artery successfully for the cure of a subclavian 
aneuiysm in its first portion. He was able to find authentic references 
to fifty-two similar ligations in Avhich there were sixteen recoveries, 
that is, 30.7 per cent. Since 1880, the procedure has been followed 
twenty-six times, with twelve recoveries and fourteen deaths. As 
Thompson stated, “This death roll, 53.8 per cent, is enormous, but the 
disease, is almost certainly fatal sooner or later unless treated by surgical 
means.” 

A preliminary report of this case was made on Dec. 8, 1927, before 
the Western Surgical Association in Omaha. At that time, the patient 
was clinically well. He has since returned to the hospital and addi- 
tional distal ligations have been successfully accomplished, with the 
result that all evidence of the aneurysm has disappeared, his arm has 
decreased to normal size and he “feels perfectly well. I therefore desire 
to review the case in full and make a final report. 


REPORT OF CASE 

A Mexican, aged 35, had been married for seven years and iiad five children. 
His wife had had no miscarriages. The patient stated that he had always been 
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veil and strong, and that he did not smoke or drink alcoholic beverages. The only 

accident which he had ever sustained was the following ; 

On Dec. 12, 1920, while walking down the street in Navojoa, Me.xico, about 
11 p. m., on the way to his hotel, he was halted by two bandits who were crouched 
on the ground : the instant that he was ordered to hold up his hands he was shot 
through the chest. The bandits were in front and somewhat to his left. Tnis 
gave the bullet an upward and outward direction. Immediately he became uncon- 
scious and fell to tlie ground. After three hours he awoke and found himself 
in a pool of blood. He gradually made his way to tlie hotel, about 500 yards 
distant, resting at frequent inten’als. On his arrival there a physician as 
secured at once. 

The wounds were healed in fifteen days. The patient remained in bed about 
twenty-five days. On the second day after the injurj' he felt a thrill beneath 
the right clavicle. The arm was paralyzed and numb immediately after the accident 
and remained so for four or five weeks. Then there began to be terrific pains 
and cramps in the entire arm; these gradually lessened. Two or three weeks 
later the patient was able to move his arm. From tlie day of injury the arm was 
swollen and darker than normal. The patient was told by the physician that he 
had an aneurysm and that he needed an immediate operation. The patient hesi- 
tated to have it performed at that time as he desired further consultation. 

--Kbout Jan. 20, 1921, he returned to his work as bookkeeper. He did not attempt 
to use his right arm as it was ‘‘weak and stiff.’’ He was at this time under no 


physician’s care, and the arm hung limp at his side. He rubbed it frequently to 
stimulate the circulation. By July, six months after the injury, the pain had 
subsided a great deal, much strength had returned and there was much better 
morement of the fingers. The patient now began to work with his right arm and 
hand. He wrote with it, did bookkeeping and drove an automobile, hut he could 
not use a typewriter or lift any weight. During this time the diseased arm was 
only slightly larger than the other. 

fn September, 1921, the patient sought the opinion of a surgeon in Mexico Citj- 


on account of the increased distention of the veins over the axillary- fold and 
oiest. .An operation was not advised, and the patient returned home. 

From this time until eight months before the first operation, tliere was little 
’ange except that the arm slowly increased in size, and the veins in the axilla 
anterior part of the chest became more and more distended. During 
c se\en years the patient carried on his regular work about the office and was 
I. f sluiost everything except use a typewriter, which was prevented by 
01 mobility of the fingers. 

^^ .Miotit April. 1927, the patient noticed that his entire arm was becoming much 
and that he was unable to use it as before. The veins in the 
chest became more visibly distended. After 
'wollc^^ aT hand down it immediately became much 

U?r.il\nr, 5 1927, he began to have shortness of breath even when 

inu '' office. This dyspnea was distressing when he attempted to 

Hr impossible to run or climb stairs rapidly. 

resen-e and therefore was not compelled to sit down to rest 
''■'■bc haV ' fainted. His sleep was sound and restful. At no time 

Di-.ria O'" notice any swelling of the ankles. 

operation the arm increased more rapidiv in size 

impossible to insert it 

‘ ^ nndc iT' m 

impossible for him to bend it very much. The swelling in 
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circninsl.'inLT.s ptrwii rcsiorntioii of the orifri„al dmnnds with e/mifna- 
tion of the fusliila aficr the inctliod of Mnins. 

1 ’ 1 0111 llio poini of view of Ircat/iieiit, aiietirysriis resolve themselves 
into two types; f]) ih.-it in which the artery alone is involved, known 
as a simple, saccular or fusiform nueurysm, mid (2) that in which the 


artery aiul vein are both involved mid a coiiiiininication is thereby estah- 
lislicfl between tliem, known as an arlcviaveiious fistula or aneurysm. 
Ill the latter condition there is more involvement of the venous system, 
and it is lliis lesion on])’ ivith which 1 am at jiresent concerned. It is 
most iniportanl in the treatment to know definitely which of the two 
conditions is present. 

J he multiplicity of the names for this second group of lesions is 
often misleading. 1. JIv artcrioi'cnoiis aneurysm or ^'aricose aneur 3 fsni 
is meant an indirect coniiminication between an artcr)’- and a vein by an 
intermediary sac or channel. 2, B_v arteriovenous fistula or aneurj^snial 
varix is meant a direct communication or immediate apposition between 
an artery and a vein. 


The report of the pre.scnt case is of particular interest because of 
(1) the duration of the arteriovenous anetuysm; (2) the development 
of the right side of the chest, the right shoulder girdle and the entire 
upper right extremitv to tremendous size, and (3) data collected before 
and after operation wliich add important proof to maiy of die experi- 
nictUal and clinical observations and the studies of Halsted, Matas, Reid 
and Holman. 


The combination of ligations executed in this case, as far as I can 
ascertain, has never been used before. James E. Thompson, in 1915, 
ligated the innominate artciy successfully for the cure of a subclavian 
anetuysm in its first portion. He was able to find authentic references 
to fifty-two similar ligations in which there were sixteen recoveries, 
that is, 30.7 per cent. Since 1880, the procedure has been followed 
twenty-six times, with twelve recoveries and fourteen deaths. As 
Thompson stated, “This death roll, 53.8 per cent, is enormous, but the 
disease, is almost ccrtainl}' fatal sooner or later unless treated b}' suigical 
means.” 

A preliminary report of this case was made on Dec. 8, 1927, before 
the Western Surgical Association in Omaha. At that time, the patient 
was clinically well. He has since returned to the hospital and addi- 
tional distal ligations have been successfully accomplished, with the 
result that all evidence of the aneurysm has disappeared, his arm has 
decreased to normal size and he “feels perfectly well. I theiefoie desne 
to review the case in full and make a final lepoit. 


report of case 

A Me.xican, aged 35, liad been married for seven years and ^ " j 

His wife had had no miscarriages. The patient stated that he had ahiajs been 
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wll and strong, and that he did not smoke or drink alcoholic bcvcmpcs. The only 
accident which he had ever sustained was the following: 

On Dec. P 1920 while walking down the street in Navojoa, Mexico, about 
11 p. m., on the way to his hotel, he was halted by two bandits who were crouchcfl 
on the ground; the instant that he was ordered to hold up his hands he was shot 
through the chest. The bandits were in front and somewhat to his Icit. Tins 
gave the bullet an upward and outward direction. Immediately he became uncon- 
sdous and fell to the ground. After three hours he awoke and iound Inmseli 
in a pool of blood. He gradually made his way to the hotel, alwut 500 yards 
distant, resting at frequent intervals. On his arrival there a physician uas 
secured at once. 

The wounds were healed in fifteen days. The patient remained in bed alx)ut 
twenty-five days. On the second day after the injurj' he felt a thrill liencath 
the right clavicle. The arm was paralyzed and numb immediately after the accident 
and remained so for four or five weeks. Then there began to be tcrriiic pains 
and cramps in the entire arm; these gradually lessened. Two or three weeks 
later the patient was able to move his arm. From the day of injury the arm was 
swollen and darker than normal. The patient was told by the physician that he 
had an aneurysm and that he needed an immediate operation. The patient hesi- 
tated to have it performed at that time as he desired further consultation. 

About Jan. 20, 1921, he returned to his work as bookkeeper. He did not attempt 
to use his right arm as it was “weak and stiff.’' He was at this time under no 
physician’s care, and the arm hung limp at his side. He rubbed it frequently to 
stimulate the circulation. By July, six months after the injury, the pain had 
subsided a great deal, much strength had returned and there was much better 
movement of the fingers. The patient now began to work with his right arm and 
hand. He wrote with it, did bookkeeping and drove an automobile, but he could 
not use a ti-pewriter or lift any weight. During this time the diseased arm was 
only slightly larger than the other. 

In September, 1921, the patient sought the opinion of a surgeon in Mexico City 
on account of the increased distention of the veins over the a.xillarj- fold and 
chest. An operation was not advised, and the patient returned home. 


From this time until eight months before the first operation, there was little 
change except that the arm slowly increased in size, and the veins in the axilla 
and over the anterior part of the chest became more and more distended. During 
t esc seven j-ears the patient carried on his regular work about the office and was 
s e to do almost even-thing except use a typewriter, which was prevented by 
lack of mobility of the fingers. 

About April, 1927, the patient noticed that his entire arm was becoming much 
atger and heavier, and that he was unable to use it as before. The veins in the 
«Pper part of the arm, axilla and chest became more visibly distended. After 
at time he noticed that if he put his hand down it immediately became much 
stand*" began to have shortness of breath even when 

walk dyspnea was distressing ivhen he attempted to 

He ascend stairs. He found it impossible to run or climb stairs rapidly, 

trcciuemi - "‘S'” therefore was not compelled to sit down to rest 

did hehav. fainted. His sleep was sound and restful. At no time 

^ e SI mptoms in the head or notice any swelling of the ankles. 

‘ban operation the arm increased more rapidh- in size 

in ‘he sleeve oiJ impossible to insert it 

ni the elbow bis coat. The arm felt very heavy. The swelling in the region 
made it impossible tor him to bend it verj- much. The swelling in 
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tlio liaiul :iti(l riiiHuis [ircvriilcd any uoik with (lie liand. About six weeks before 
oiier.ition the jiatient also developed tuo ulcers, one on tbc dorsum of bis hand 
and tile other on the l1e\or surface of his forearm; these increased in size. As 
his entile upiier ripht extremity and shoulder had become useless and a burden 
his (iliNsician in Mexico advised him to to San Francisco and Iiave a shoulder 



I (Sept. 15, 1927) -Tr,p,na.ic subclavian 
weeks’ before the first operation. Note the great swellmg of the upper . 


Fig 


girdle amputation He 

^^^fL^gnS 

suggested elevation of the arm or a this time the valves 

congestion with resulting edematous infiltration g 

in the veins were gradually giving away. 
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ExomiMtion.-Tht patient was a remarkably well (Icvctopcd and well nour- 
ished man with an extremely broad chest. There was the scar oi a bullet wound 
of entrance over the third costochondral junction to tlie right. 6 cm. irom the 
middle oi the manubrium, and the corresponding scar of a bullet wound oi exit 
over the posterior aspect of the supraclavicular region, a cm. iTotn the neck, and 
just posterior to the lateral edge oi the trapezius muscle; the tract apparently 
traversed the structures underneath the clavicle at its midportion. There was a 
tremendous swelling, involving the entire right side of the chest wall (fig. .3) 
including the breast, the right nipple, which was about o cm. lov.'cr than the left, 
the pectoral region, the axillary region, and the entire shoulder girdle, arm, 
forearm and hand (fig. 4). There were large tumor masses, the size of a grape- 
fruit. consisting oi huge dilated veins the size of a finger ; these were especially 
visible in the pectoral and axillary region, in the upper third of the arm and along 
its flexor surface. .-Mthough the patient's skin was naturally dark, it w.as readily 
seen that the right hand and arm were several shades darker than the left, T'uis 
darken'mg of tlie skin was conspicuous enough to attract the patient's own attention 
to it There were two large, indolent, varicose ulcers about 5 by 7 cm, in diameter 
on the dorsum of the hand and die flexor surface of the forearm. 



-■ Six weeks before the first operation. Xotc the patient's inability to 
e.xtend the arm fully. 


A sjstolic thrill was distinctly palpable in the supraclavicular region, less 
dimnctly palpable in tlie intradavicular region and distinctly palpable in the 
aJullary region and over the lower third of the inner aspect of the upper arm 
" ere the basilic vein courses. Here it was like the purring of a cat. 

On auscultation over the right supraclavicular region a continuous Ixioming 
^oand s\as audible, with systolic accentuation. This bruit was distinctly audible 
CCTea^ed over the right side of the chest. It was again heard distinctly in 
'ou^a' ^®Sion v.'here it sounded like the murmur of machinery. In fact, the 
Ov" hears in a subway when a train whirls past. 

codd V palpable, a loud bruit 
pi, , systolic intensification. Here the sound was of a much higher 

niitt J"! of the whistling of the wind. This sound was even trans- 

upper third of the forearm. 

'Ac made 

’'^-^‘‘antaneouMr? f ^ maudible. On release of the pressure, thev 
•communication . , P''e5«mab1y this pressure completely obliterated the 

n'cation between the subclavian artery and vein. It also produced an 
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iinnK'diati' clrvalion in liolli diastolic and systolic blond pressure, wliicli rose in 
tile left aim fiom l.t-| fo Jfi.J systolic and from 74 to 9t diastolic; and a retarda- 
tion of tile inilsc from S4 to 76, Uranliam'.s l)rad,vcardiac reaction. Matas stated; 

j his is hy fai the most imiiortant and early sij,'n of tlic cardiovascular dis- 
tnrhances hronglit about hy an arteriovenous fistula and is of great diagnostic 
significance in all cases in sshicli the arteriovenous connection is accessible to 
eomjircssion,” The right radial pulse coitld he {Kilp.'itcd with difftcahy. The hand 
fell cold. 

There were no disturhances of motion or sensation in the right arm, with the 
eveeption that the great spelling made it impossihic for the [laticnt to e.xtend his 
arm or to fie.v his fingers completely. 



Fig. 3.— Six weeks before the first operation. Note the large lakes of dilated 
veins over the right side of the chest. 


Between the right thumb and index finger the temperature was 35.7 C- =ind 
between the left thumb and index finger it was 36.2 C. Examination of the blood 
showed: hemoglobin, 90 per cent; erythroc^des, 4,800,000; leukocytes, 6,150 The 
differential count showed : pob’inorphonuclcars, 69 per cent , lymphocytes, per 
cent; eosinophils, 2 per cent and transitionals 4. The Wassermann test was 
4 plus. The urine showed a slight trace of albumin and an occasional hyaline cast. 

Blood from a vein of the right arm gave an oxygen content of 11.4 per cent 
hy volume and from the left arm 6 9 per cent by volume, blood rom a \ci 
the right arm gave a carbon dioxide content of 38 per cent by volume, and from 
the left arm 49.4 per cent hy volume. 
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On Xov 3 1927, a 6 foot (l.S meters) ventral projection showed the heart 
definitelv increased above normal size. The cnlargcmctU seemed to affect tlie ktt 
ventricle predominantly. The aorta was neither elongated nor dilated. The right 
side of the chest was a little less well expanded than the lett m its upper portion. 

Uiapnosis.— The lesion was diagnosed as an arteriovenous aneurysm of the sub- 
clavian artery and vein, rather than a simple aneurysm. This conclusion was 
based on the following factors: (1) the great swelling of the arm, (2) the great 
dilatation of the veins. (3) the continuous purring thrill, (4) the continuous 
buzzing or machinery-like murmur accentuated durintr systole, (5) the centrifugal 



Fig. 4.— Six weeks before the first operation. Mote the great sv/cUing also of 
the forearm and hand. 



Fig. 5 (Xov. 4, 1927).— One day before the first operation. Mote the decrease 
u swelling after six weeks of elevation and the application of an elastic bandage. 


the course of the axillary and basilic 
) the elevation of blood pressure on temporary deep pressure over the 
^ l^ion, (7) the retardation of the pulse on temporary deep pressure 
the'^ri h lesion, (8) the increase of oxygen content in the veins of 

of tbe^hLr^^’ decrease in local temperature and (10) the enlargement 


anu w-nulr?' patient was kept in bed; his right 

arm and !bn’ Thomas splint and crepe bandages were applied to the 

of the ed-ma It j effectual in decreasing a great deal 

- It also afforded the heart a necessary rest (fig. 5). 
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ilic plan of operation coii-si-stcd of the following steps: (1) subperiosteal resec- 
tion of iho proximal two tliirds of /he clavicle, (2) transection of the muscles of 
the neck, permitting thereby: f3) the free exposure of the great vessels of the 
npiier part of the chest and neclc, (4) possible ligation of the innominate artery 
and vein and the carotid artery and jngnlar vein, (5) or ligation of the sub- 
claviaii artery and vein; and (6) further, if practicable, ligation of the artery 
and vein distal to, and as close to, the sac as possible, but proximal to the origin 
of the jiostcrior circumflex and snbscapidar vessels — in short, a (]uadruple liga- 
tion of the fistula or aneurysm. 

1 his procedure was carried out twice on a cadaver previous to the operation. 

1 he operation was performed on X^ov. 5, 1927, at 9:30 a. m. Forty-five minutes 
hefore the ojicration, tlie patient was given a hypodermic injection of grain 
(16 mg.) of morphine and 1/150 grain (0.4 mg.) of atropine. He was placed 
on the table with shoulders and head slightly elevated ; the head was slightly 
e.xtendcd and turned to the left side. Local anesthesia of 0,5 per cent procaine 
hydrochloride was given. This was first injected near the angle of the jaw and 
just under the chin in the rnidline in order to apply the towel skin clips without 
hurting the patient. Starting at a point between the articulation of the clavicle to 
the manubrium, iirocaiiic hydrochloride was injected 3 cm. to the left and over the 
right clavicle to its outer third and from the manubrium up along the anterior 
border of the sternomastoid muscle for 7 cm. An incision was now made from the 
outer third of the right clavicle and slightly below it, and e.xtended up along the 
anterior border of the right sternomastoid muscle for S cm. The skin flap was 
dissected in both directions. The sternomastoid muscle was divided. The tri- 
angular flap of skin and muscle was turned upward and outward. The external 
jugular vein was ligated. 

The sternohyoid and sternothyroid muscles were severed about 1.5 cm. above 
the sternum and laid back. A subperiosteal resection of the inner two thirds of the 
clavicle was carried out ; it was cut through with a Gigli saw and disarticulated at 
the sternum. With this exposure the large mass of dilated veins under tlie clavicle 
and over the arteriovenous aiieurysnv as "’cll as the large vessels of the neck, 
came clearlj’- into view (fig. 6). The arteriovenous aneur 3 'sm involved the second 
and third portions of the subclavian artery" and vein. It should be recalled that 
tlie subclavian artcrj’ and vein arc not companionate in their first part but are 
separated by the anterior scalene muscle. The mass of large veins over the 
aneurj'sm were adherent to each other and to all the surrounding tissues. One 
of the larger veins, thought to be the subclavian, was ligated at its outer third, as 
a thrill could be felt over the proximal area. 

Gas and ether were administered at 10:30 a. m. The carotid artep' was 
located with the adjacent vagus nerve and dissected down along the anterior and 
inner surface until the subclavian artery could be felt coming up from behind and 
bifurcating with it at an acute angle. The subclavian artery was then followe 
up. It was seen to be enlarged and to emerge into the aneurj'sm in its second 
portion. The subclavian vein in nearly its entirety was part of the aneurysni, 
the remaining proximal end being greatly dilated. For this reason it was dcci c 
to ligate the innominate vein. Then the internal jugular was ligated, me mm 
braided silk being used for the ligations. In attempting to pusli the pleura down- 
ward and outward in order to free the subclavian artery, a slight tear occurrec 
in it producing a slight pneumothorax. Contrarj' to the obserration o 
authors, the first portion of the subclavian artery was not found difficult to hga c. 
Hearw braided silk was used and a double ligation was per ormec a ter ic 
method of Ballance and Edmunds. VVitli the exposure obtained, one con c 1 1 . 
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tinctly see the best site for the ligation and could fed sure that the recurrent 
lar>-ngeal nerve was not incorporated in the ligature. 

Xo thrill could be felt now, but as there was Still some dilation of the veins 
over the aneurv'smal varix, one of the large veins toward the distal portion was 
ligated. In attempting to free this large vessel with its thin wall from the adherent 
tissue and veins, and to pass the aneurysm needle around it some venous hemor- 
rhage occurred which was fairly easily controlled. The mass immediately became 
smaller with the ligation of this vessel, which was thought to be the subclavian 
vein. In all, I ligated the innominate vein, the e.xterna! jugular and the internal 



httfeen A veins beneath the clavicle. The aneurvsm is 

'-meen the subclavian artery- and vein. 


subclavian artery in its 

presented itself then was whether to attempt further 
“<5 to execute wilderness of matted dilated thin-walled veins 

'3>«ectingout <SmJl I"' “ r' " P“^^ibilitv of 

t’'e procure had dfeS - ^ ^neui^-smal sac, or to rest on the laurels won. As 
be felt nor bruit more than three hours and as no thrill could 

hope that with ^^^^er course in the 

-'tb the aid ot these ligations nature might close the fistula,’ '"any 



.IS-J 


ARC I III- ns OR SURGRKy 


remained. 'J'lie .severed mu.scle.s were broiiKiit m apposiHon and sutured, and the 
wound was sntnred in layers without drainape. 

Rostn/u-ralh’r Pro,;,rss.—Tho j.aticiU manifc.stcd jiractically no evidence of 
shock. 1 he wouiK iiealed per priniam. Some swelling in the right supraclavicular 
-space was ohserved on the si.\ili day. when the stitches were removed. This was 
( lie to an nccnimiiation of scrum which was aspirated on the eighth, tenth, thir- 
teenth and twenty-first days after tlie operation. The fluid did not return. 

The blood pressure which previous to operation was IJ4 systolic and 74 diastolic 
was 136 .systolic and 74 diastolic one hour later. The next day, it was 150 systolic 
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Fig. 7.— Sites of the ligation of the external and internal Jugular, subclavian 
and innominate veins and the subclavian arter}'. (From Sabota's Anatomy.) 


and 112 diastolic; two days later, 152 systolic and 86 diastolic, and the third day, 
164 systolic and 82 diastolic; it then gradually declined until on the twenty-eighth 
day it was 124 systolic and 74 diastolic. 

The day following the operation, the patient complained of severe pain m the 
lower right anterior axillary region when an attempt was made to change Ins 
position or to move his right arm. On the tenth day the classic signs of 
were present in the right lower portion of the chest, and a roentgenogram revealed 
a fluid line. A thoracentesis was performed on the fifteenth and seventeenth days, 
but only on the latter day were 2 ounces of sanguineous fluid aspirated. This was 
repeated on the twentieth day with the same success. Two days later no fluid 
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could be <=een in the chest. The lung. %vhich had been collapsed, due to the 
pneuinothora.x, was now expanded. The diaphragm was high and did not move, 
indicating that the right phrenic ner\-e had been injured. 

diminution in the size oi the right side of the chest, the entire shoulder girole, 
arm forearm and hand was conspicuous after the second day. and continued 
uninterruptedly, as shown by .the accompanying table of circumferential measure- 
ments (table 1). This decrease in the venous channels is of particular interest 
when it is remembered that the innominate, subclavian and jugular \ein5 were 
ligated. 

On Dec. 5, 1927, twenty-eight days after operation, the patient was feeling well. 
The swelling of the arm was decreasing steadily (fig. 8). The bruit was becoming 
less and less distinct. Only a slight thrill was palpable. The patient returned 
to his home in Mexico that day. 

Whether in this case a quadruple ligation should have been carried out at this 
time, thereby subjecting the patient to considerable additional risk, deserves con- 
sideration. Time will best answer this question. While the surgeon should l>e 
daring he must never lack restraint. If I had performed this operation, there 

T.\ele 1. — Circuinfcrciilial Mcasitrciucnls During the Pirsl Stage of Treatment, 

1927 



Oct.S> 

Oct. 25 

Xov. 14 Xov. 19 

Xov. 2J 

Txe. 3 

.ttea 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Wrist 

19.25 

IS 

IS 

17.25 

17.0 

3055 

Middle forearm, 14 cm. above wrist 

32.0 

2? 

20 

25.0 

25,0 

24-5 

Elbow 

40.0 

34 

33 


31.0 

29.5 

Itiddie arm just below greatest swelliag 

52.0 

43 

42 

41.0 

ZiZ 

W.0 

Over greatest swelling, upper third ot arm.. 

55.0 

51 

40 

47.0 


41.0 

-txiUa 

£3.0 

50 

47 

40.0 

45.5 

44.0 

girdle, cm. trom nipTii^. . . 

60.0 

Cl 

CO 

55.0 

55.0 

54.0 

Right side ot chest at leval ot midline 

. 6S.0 

64 

50 

53.0 

53.0 


Eeft side ot chest at level ot midline 

50.0 

50 

50 

50.0 

50.0 

50.0 


■"ould have been no opportunity to see what nature could do in finally closing 
the fistula or aneuty-sm when partial ligation had been accomplished. .\s Halsted 
said, Surgeons should bear always in mind the opportunities which they have 
daily at the operative table to strive for results which may be contributory to the 
advancement of their science. The operating room is a laboratorv for the 
surgeon.” 


ccond Admission . — On Aug. 6, 1928, the patient was readmitted to the hospital, 
^tmg that he had felt perfectly well since the first operation on Xov. 5, 1927. 

6 ad hem working regularly, using both arms and hands with ease. The great 
seeling OI his shoulder, arm and hand had not returned. Seven weeks before 
admission, however, with the advent of very warm weather, he noticed 
devplr«L'^'"^ became larger. Coincidentally, a varicose ulcer 

surface of the right forearm. Six days before, he had 
this 1 ^ the night to find that a considerable hemorrhage had occurred in 

lie ^ five minutes 

trolled th. h that he thought he would die. Pressure con- 

Franriico. ^""'e'-er. and he left Mexico the next day for San 

the 9) at this time revealed a slight increase in 

mg or the right shoulder girdle and arm. but there was no return of the 
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Srrat ^wvU'wK seen prior to tfic fir.st opcmlioii. 
arm into hi.s mat slecvo mid he walked ahoiit 
meaMiienient.s are .slioivii in tahie 2. 


'J’lie patient was able to slip his 
with ease. The circumferential 


Over the flexor surface of the niidporlioi) of the forearm there was an ulcer, 
3 cm. in diameter, surrounded hy markedly discolored .skin and an induration of 
the soft tissue. In fact, the entire ri(,dit arm and hand were much darker than the 
left. No jiiilse could he felt at the riftht wrist. There was no impairment of 
motion or sensation at any point. The clavicle, the inner half of which was 
removed, showed definite regeneration. 

Just above this regenerated clavicle, at its midpoint, there was still a thrill on 
dec[) palpation. 1 his thrill could also he felt on deep palpation in the axilla over 



Fig. 8 (Dec. 5, 1927). — One month after the first operation. Note the great 
reduction in the swelling of the right side of the chest and the entire right arm. 



Fig. 9.— Note the gradual recurrence of the swelling, nine months after the 
first operation. 


the mass of tortuous large veins which lay just underneath the skin. There was 
a point just above the elbow where the thrill was distinctly felt and heard on 
auscultation. Deep pressure above the clavicle resulted in a complete disappearance 
of the thrill and bruit and visible recession in the size of the dilated veins m t le 
axilla. Before the closure of the fistula the blood pressure in the left arm was 140 
systolic and 82 diastolic. On closing the fistula the blood pressure immediately 
rose to 158 systolic and 90 diastolic, dropping as long as the fistula was closed 
to 150 systolic. Accompanying this increase in blood pressure, there was a slowing 
of the pulse from 72 to 64. The heart sounds were normal. The apex beat could 
barely be felt in the nipple line. There ivas no increase in precordia activity an 

the heart was not demonstrably enlarged to percussion. ^ nnnn 

The hemoglobin was 50.5; the red cells, 4,900,000 and the white cells, 9,900. 

The Wassermann reaction was 3 plus. 
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Examination of the urine revealed a slight trace of albumin. 

On Aug. 8, 1928, the right leaf of the diaphragm was still very high, the dome 
reaching fust' above the fifth rib anteriorly. It was not quite so high as on 
Dec. 1, 1927. 

The heart was still large; it appeared appreciably larger than on Xov. 3, I9_/. 
before the first operation. Measurement of the shadow of the heart vessel by 
planiraeter showed that on Xov. 3, 1927, it was 189 sq. cm., and at the time of the 
second admission it was 19S.3 sq. cm. .Apparently the high diaphragm produced a 
torsion of the heart with a greater apparent than actual increase in .‘ire 

It was quite evident that the condition was an arteriovenous aneurysm which 
had reestablished itself following ligation of the subclavian artery in its first 
portion and ligation of the innominate, subclavian and jugular veins about eight 
months before. 

Ol'cral toil. —It was decided: (1) to resect the completely regenerated inner 
portion and outer third of the clavicle which was still intact; (2) to cxjiosc the 
axillary vessels beyond the communication between the vessels, which lay probably 
in the third portion of the subclavian artery; (3) to identify the structures distal 
to the fistula, and (4) to expose the aneur\-sm itself, separate the vessels, preserve 
the artery and vein, if possible, and if not. excise tbe aneurysm. 

Operation was performed on .Aug. 10, 1928, at 9 a.' m. Gas anesthesia wa.s 
used throughout the operation. The patient was placed in ])osition with the arm 
at right angles to the body, and the shoulders slightly elevated. .An incision was 
made along the line of the old scar extending laterally to the coraco-acromial 
articulation. The regenerated portion of the clavicle was removed as well as 
about 2.5 inches (6J cm.) of the intact clavicle, Xumerorrs dilated veins were 
encountered in approaching the clavicle. Whether it was due to the position oi 
the arm it is difficult to say, but it was almost impossible to palpate the thrill 
which prew'ously had seemed quite prominent over the center of the clavicle. 
There was no pulsation to be felt in any of the vessels except in the common 
carotid artery on the right side. Identification of structure was extremely difficult, 
pnmariiy because of this absence oi the thrill and pulsation ; the scar tissue rcsult- 
mg irom the previous operation still further obscured the normal tissue. It was 
iclt v.ise to continue the dissection down the arm in an endeavor to expose normal 
^>^ue and then work back toward the supposed location of the communication. 

e subclavius muscle was divided as was a considerable portion of the pectoralis 
major. 


... Some difficulty the axillary vein was finally identified. This hugely 
ated rein had a diameter of 2A cm. On further exposure the vein was found 
e pubating ; closure of it resulted in the identification of the aneurysmal sac 
ni<Wl rvalnut which lay just below and posterior to the 

4a- ' clavicle. A faint thrill could be felt over this aneuiysmal sac which 
^7 closure of the axillarr- vein beyond it. Closely 
Plc.xu!"^ t superior to the axillary vein were cords of the brachial 

approxim^ff.’ ? axillary arterr- rvhich at this point rr-as 

a.vi!!arr- ' t ‘^’^"’eter. There rr-as no pulsation to be felt in this 

'exact';!? aneurysmal sac. This resulted in a considerable delav 

producedTc ^ narrow 

«tempt w"- aneurysmal sac. 

= then made to find the arterial connections rvith this sac. but 
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Fig. 10. — Sites of ligation of tlie axillary and long tlioracic veins, and the sub- 
clavian, axillary and long thoracic arteries. (From Deaver s Surgical Anatomy.) 

control of the arterial suppb of the sac. It was ligated with braided silk. The 
axillary arteiy was ligated with silk, with a little furtlicr diminution of t ie 
pulsation of the sac. The long thoracic artery and vein lying posterior to 
axilliary vein were also ligated with braided silk. This confrolied the pti sation 
of the sac almost completely. It was felt, however, that with ligation ° ^ ’ 

axillary vein and almost complete control of arterial suppb’, the aiieiirisma sac 
would probably be closed by thrombosis. It was thought that t lo su ic ar 
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arten- in its third portion emptied almost completely into this aneurysmal sac which 
in turn emptied into the verr- large axillari' vein. It is worthy or ’ 

when the axillare- vein was ligated, the general blood pressure rose alxmt 10 pomvS. 
All bleeding points were controlled during the operation with sutures and ligatures 
of silk. The cephalic vein was dilated to a diameter oi about cm The sub- 
cutaneous tissue and skin were closed rvith interrupted sutures ot silk. 

Immediatelv alter the operation the hand which formerly had felt cold now 
had good color and was warm. There was unquestionably an immediate improve- 
ment in the circulation through the procedure followed. 



Fig. 11. — The operation as completed in two stages. The ligatures are numbered 
in the order of their application. 


The great difficult^' encountered in the second operation, which was tedious 
2n required sLx hours, was further proof that it would have been inadvisable to 
^ve attempted more at the first operation. 

• ligations during the first operation were oi the external and internal 
^*’'1 innominate veins and the subclavian artery-; and during 
.second operation of the axillary and long thoradc veins and subclavian, axillary- 
ong thoracic arteries, a total of ten ligations (fig. 11). 

^siofcrathe S otcs . — On Aug. 11. 1928, the first dressing was applied. 
handV- padent felt well. There was no pain in the right 

■^•ere seemed even warmer than the other. The dressings which 

tissues '■emoved : a slight serosanguineous discharge was noted. The 

'ere qmte boggr- in the region of the wound, suggesting edema. During 
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tlic operation it was noted tliat tlicrc were frequent little bursts of clear fluid into 
tlic wounds, apparently from dilated lymph vessels. The patient complained of 
being liot. Ji.xaniination revealed a blood prcsxttrc of 170 systolic and 110 diastolic 
A dry dressing was applied. 

August 11, 10 a. in.; 'flic wound was dressed. Tlicre was boggy swelling, 
suggesting accinmilation of fluid in the wound. A probe was introduced into the 
wound and a considerable aniount of almost clear fluid was evacuated. A dry 
dressing was applied. The blood pressure was 136 s.vstolic and 84 diastolic. It 
was evident that the peak of the postoperative rise in blood pressure would have 
been iiiissed if a reading had not been made during the night (3 a. m.). The 
pulse in the right radial artery was easily palpable for the first time since the 
patient was first seen ; the rate was 84. 

August 12; 'Ihe dressing had to be changed on two occasions because of 
the marked serous discharge from the wound. No bleeding occurred. A few 
stitches were removed. The blood pressure was 164 si'stolic and 86 diastolic; the 
pulse was 86. 

August 13; The remaining stitches were removed. The wound was in good 
condition, and no discharge had occurred since the day before. Apparent!)', there 



Fig. 12 (November, 1928). — Complete cure, three months after the second 
operation. The circumferential measurements of both arms is the same. The 
patient writes, “I am feeling perfectly well.” 

was no further filing up of the wound. The blood pressure was 166 systolic and 
84 diastolic; the pulse rate was 88. A dressing was applied. 

From this time on, the progress of the patient was uneventful, with the excep- 
tion of the development of an extensive thrombophlebitis of the veins of the 
anterior wall of the chest and of the upper arm. The condition subsided with 
rest in bed, immobilization of the arm and hot fomentations. 

September 12 ; The patient left for Mexico. No thrill could be felt nor bruit 
heard. The shoulder and arm were steadily decreasing in size. The patient was 
feeling stronger dail)'. The blood pressure was 130 systolic and 86 diastolic. The 
pulse rate was 76. 

November 11 : The patient wrote; ‘T am feeling perfectly well and my arm 
is recovering its life. It is a little stiff but its size is normal at this time, as 30U 
w'ill notice from the enclosed picture” (fig. 12). 

COMMENT 

Thompson, in liis classic monograph on subclavian aneurysn7, said 
that “ligature of the first part of the subclavian artery has turned out 
to be a very unsatisfactory operation. It is both difficult and dangerous. 
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The arten- is very short, numerous branches arise from it, it is very 
deeply situated and is surrounded by important veins and nerxcs. I he 
internal jugular and vertebral veins arc directly in front of it ; also 
die pneumogastric and phrenic ner\'es. At its origin, the right innomi- 
nate vein forms an anterior relationship.” I believe that the reason this 
procedure has proved so difficult is that the surgeon has attempted this 
ligation without first performing a subperiosteal resection of the inner 
half of the clavide. By this step, a very diflicult approach is rendered 
much more accessible. 

In an arteriovenous fistula the pulse is smaller on the injured side 
showing that the volume of arterial blood is less, while the dilated veins 
show that the venous blood is increased. 

The retardation of the pulse rate on closure of the fistula by digital 
pressure or by permanent suture or ligation was explained by Holman 
as follows: “Closure of the fistula results in a filling up of the aorta 
by the volume of blood which formerly leaked through into the veins. 


'^^tz2~Ciraimfcrcnlial ilcostircinetils Dtiriiiff Second Stage of Treatment, 192S 
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This produces an increase in aortic pressure which in turn stimulates 
the depressor fibers of the vagus in the arch of the aorta and reflex 
slorring of the heart is the result.” 

Holman and Dock have definitely shown, in experimenting with 
^imals, that in an arteriovenous fistula the cardiac output is doubled. 

IS obserration is interesting as it differs from that of Lewis who 
stated 'that the output in an arteriovenous fistula does not appear to 
be unusually altered.” 

Holman was among the first to emphasize the physiologic basis for 
t^ e alteration an blood pressure by opening and closing the fistula, 
gwng as his explanation an increase in the total volume of blood during- 

^ existence of the fistula. * 

determine or influence the systemic 
the arteriovenous fistula: 
into tb!?™ and force of the arterial stream that is short-circuited 
(d\ tb<. vein; (c) the caliber of the vessels involved: 

a"e oi to the heart; fe) the duration of the fistula; (f) the 

diseaL coexistence of the antecedent cardiovas- 
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U IS ahvays (o he rcinemhcrcd that j^angrciie occurs much more 
ficquciitly in an arlcriovcnous lhan in a saccular aneurysm. I believe 
that m an arlcriovcnous aneuiTsni simtiUaneous ligation of the accom- 
panying vein with ihc artery should always lie executed. This would 
appear at first thought to he paradoxic. Indeed, it reverses a surgical 
])rinciple long emphasized hy writers of textbooks. The si>cciaJ needle 
oi ligature carrier was invented with the main idea of being able to 
ligate the artery .safely without injuiy to the satellite vein. To ligate 
unhesitatingly a normal and large vein is contrary to tradition. Tra- 
dition is not easy to .set aside. 


I believe, however, that there is now sufficient e.xperimental and 
clinical proof that this procedure today should be a recognized rule. 
Professor 1 ufficr, the great French surgeon, said that “ligation of the 
correspondingly healthy vein’' should be executed 'in all cases of 
ligation of the great vessels of the root of the limbs.” Sir George Makins, 
the eminent British surgeon, long an authorit}’ in surger}'' of blood vessels, 
stated that "the elimination, in fact, of the capacious main vein is a real 
advantage, since this for the time affords a too ready channel of exit 
for the diminished arterial supply, as well as an undesirable reservoir 
for stagnation.” He concluded, “these considerations have led me not 
only to regard obligatory simultaneous occlusion of a main artery and 
vein as a negligible factor in the risk of gangrene of a limb ; but to hold 
further, that the procedure is preferable whether the ■vein be ivounded 
or not; the residt of the combined procedure being to maintain within 
the limb for a longer period the smaller amount of blood supplied hy the 
collateral arterial circulation, and hence to improve the conditions 
necessaiy for the preservation of the \dtality of the limb.” In accord 
with this procedure but disagreeing with Makin’s explanation. Brooks 
and Martin stated that the increase in the peripheral blood pressure is 
the principal beneficial result of ligating the vein. Reid and Holman’s 
observations support the latter view. Holman, in his brilliant experi- 
mental work, repeatedly proved the necessity of this simultaneous liga- 
tion of vein and artery. 

In the light of this knowledge one must accept the view that some 
degree of equilibrium of the arterial and venous S 3 ^stems must be pre- 
served. I believe that the following maxims may be laid down for the 
prevention of gangrene; 1. In an arteriovenous fistula oi aneurysm it 
is imperative to ligate the accompanying vein if the arter^’^ is ligated. 

2. In a simple aneurysm it is at least advisable to do so. 

Few or none of these patients should be operated on until from 
three to six months har'e expired unless the cardiovasculai effects are 
conspicuous and progressive. Then if the fistula still exists, further 
delay is not indicated. The reasons for w'aiting are (a) the possibility 
of a spontaneous closure of the artificial communication with cure, an 
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(b) the possibility ot awakening a lurking infection if the operation 
follows the injur}' too soon. Infection usually results in death. 

“Common errors in the treatment of aneurysms,” according to Hal- 
sted, “are the following: (1) opening the sac or pulsating liematoma 
witiwut first making a temporary occulsion of all the possible sources of 
hemorrhage: (2) the permanent ligation of a great arterial trunk as a 
precautionar}' measure in the search for a distal bleeding point : ( 3 ) 
ligation of a trunk too far from the ancurr'sm: (A) stuffing the wound 
wth gauze to arrest hemorrhage ; (5) drainage: (6) the employment of 
catgut for the ligature, or of silk that is too fine, and f / ) ligation of 
the arter}' proximal to an arteriovenous ancuiysm or fistula. 

Surgeons attempting to intervene in aneurysms or arteriovenous 
fistulas should be much more concerned with hemostasis and meticulous 
technic than with the duration of the operation. These operations are at 
best always tedious and time-robhing and demand the best of the 
surgeon's skill. Without profuse hemorrhage these patients stand 
operations of six or seven hours’ duration without severe shock. “An 
operator searching tor a bleeding point in a pool of blood, and particularly 
so when embarrassed in his movements by the adherent walls of an 
aneur}'sm within which he is working so disadvantageously. presents a 
distressing spectacle. I would rather devote an additional hour or more 
to an operation than be caught for a few moments in suclt a predica- 
ment’’ (Halsted) . The reestablishment of a normal vascular equilibrium 
is the objective sought. 

si:mw.\ry 


A case of traumatic subclavian arteriovenous aneurysm of eight 
years’ duration showed : 

1- Enormous swelling of the right side of the chest, the right portion 
f>t the shoulder girdle and the entire right arm and hand, with great 
distention of veins in these parts. 

2. Cardiac dilatation and hypertrophy resulting from increased vol- 
ume flow through the heart incident to the production of the fistula. 

3. Branham’s bradycardiac reaction and associated variations in 
ood pressure due to an increase in blood volume caused by the fistula. 

•I- Characteristic bruit and thrill transmitted centrifugally. 

^^m-ease of ox}'gen content in veins distal to lesion. 

6- Dilation of the proximal artery, diminution of the distal artery 
great dilatation and thickening of the distal vein. 

tion ligations of arterj' and veins improved the condi- 

" but did not effect a cure. 

ligations, ten months later, completing the 
quadruple hgation. effected a cure. ^ 
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It is always to be remembered that gangrene occurs much more 
frequently in an arteriovenous than in a saccular aneurysm. I believe 
that in an arteriovenous aneurysm simultaneous ligation of the accom- 
panying vein with the artery should always be executed. This would 
appear at first thought to be paradoxic. Indeed, it reverses a surgical 
principle long emphasiaed by writers of textbooks. The special needle 
or ligature carrier was invented with the main idea of being able to 
ligate the artery safely without injury to the satellite vein. To ligate 
unhesitatingly a normal and large vein is contrary to tradition. Tra- 
dition is not easy to set aside. 

I believe, however, that there is now sufficient experimental and 
clinical proof that this procedure today should be a recognized rule. 
Professor Tuffier, the great French surgeon, said that “ligation of the 
correspondingly healthy vein” should be executed ‘in all cases of 
ligation of the great vessels of the root of the limbs.” Sir George Makins, 
the eminent British surgeon, long an authority in surgery of blood vessels, 
stated that “the elimination, in fact, of tlie capacious main vein is a real 
advantage, since this for the time affords a too ready channel of exit 
for the diminished arterial supply, as well as an undesirable reservoir 
for stagnation.” He concluded, “these considerations have led me not 
only to regard obligatory simultaneous occlusion of a main artery and 
vein as a negligible factor in the risk of gangrene of a limb ; but to hold 
further, that the procedure is preferable whether the vein be wounded 
or not ; the result of the combined procedure being to maintain within 
the limb for a longer period the smaller amount of blood supplied by the 
collateral arterial circulation, and hence to improve the conditions 
necessary for the preservation of the vitality of the limb.” In accord 
with this procedure but disagreeing with Makin’s explanation, Brooks 
and Martin stated that the increase in the peripheral blood pressure is 
the principal beneficial result of ligating the vein. Reid and Holman’s 
observations support the latter view. Holman, in his brilliant experi- 
mental work, repeatedly proved the necessity of this simultaneous liga- 
tion of vein and artery. 

In the light of this knowledge one must accept the view that some 
degree of equilibrium of the arterial and venous systems must be pre- 
served. I believe that the following maxims may be laid down for the 
prevention of gangrene: 1. In an arteriovenous fistula or aneurysm it 
is imperative to ligate the accompanying vein if the arter}^ is ligated. 
2. In a simple aneurysm it is at least advisable to do so. 

Few or none of these patients should be operated on until from 
three to six months have expired unless the cardiovascular effects are 
conspicuous and progressive. Then if the fistula still exists, further 
delay is not indicated. The reasons for waiting are (a) the possibility 
of a spontaneous closure of the artificial communication with cure, and 
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(b) the possibility of awakening a lurking infection if the opei'ation 
follows the injury too soon. Infection usually results in death. 

“Common errors in the treatment of aneurj^sms,” according to Hal- 
sted, “are the following; (1) opening the sac or ixilsating hematoma 
without first making a temporaiy occulsion of all the possible sources of 
hemorrhage ; (2) the permanent ligation of a great arterial trunk as a 
precautionary measure in the search for a distal bleeding point; (3) 
ligation of a trunk too far from the aneurysm ; (4) stuffing the wound 
with gauze to arrest hemorrhage; (5) drainage; (6) the employment of 
catgut for the ligature, or of silk that is too fine, and (7) ligation of 
the artery proximal to an arteriovenous aneurysm or fistula.” 

Surgeons attempting to intervene in aneurysms or arteriovenous 
fistulas should be much more concerned with hemostasis and meticulous 
technic than with the duration of the o}>eration. These operations are at 
best always tedious and time-robbing and demand the best of the 
surgeon’s skill. Without profuse hemorrhage these patients stand 
operations of six or seven hours’ duration without severe shock. “An 
operator searching for a bleeding point in a pool of blood, and particularly 
so when embarrassed in his movements by the adherent walls of an 
aneurysm within which he is working so disadvantageously, presents a 
distressing spectacle. I would rather devote an additional hour or more 
to an operation than be caught for a few moments in such a predica- 
ment” (Halsted) . The reestablishment of a normal vascular equilibrium 
is the objective sought. 

SUMMARY 

A case of traumatic subclavian arteriovenous aneurysm of eight 
years’ duration showed : 

1. Enormous swelling of the right side of the chest, the right portion 
of the shoulder girdle and the entire right arm and hand, with great 
distention of veins in these parts. 

2. Cardiac dilatation and hypertrophy resulting from increased vol- 
ume flow through the heart incident to the production of the fistula. 

3. Branham’s bradycardiac reaction and associated variations in 
blood pressure due to an increase in blood volume caused by the fistula. 

4. Characteristic bruit and thrill transmitted centrifugally. 

5. Increase of oxygen content in veins distal to lesion. 

6. Dilation of the proximal artery, diminution of the distal artery 
and great dilatation and thickening of the distal vein. 

7. That proximal ligations of artery and veins improved the condi- 
tion but did not effect a cure. 

8. That subsequent distal ligations, ten months later, completing the 
fi’-'^'fruple ligation, effected a cure. 
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ABSTRACT OF DISCUSSION 

Dr. Hermann B. Gessner, New Orleans : Dr. Gilcreest is to be congratulated, 
not only on the skill with which he treated this patient, but on the thoroughness 
with which he reviewed the symptomatology and pathology of the condition. In 
my experience with arteriovenous aneurysms, which has been limited to those of 
the lower extremity, I have been able in some cases to control the fistula by 
attacking it from the venous side. I remember one interesting case in which the 
vein involved was a vena comes. I was able to incise the vein, suture the orifice 
with paraffinized silk, and then sacrifice the vena comes. 

I think one diagnostic sign is worth bringing out. Dr. Gilcreest did not mention 
it, probably because the diagnosis in his case tvas so clear. I refer to the sign I 
have learned from my teacher and friend. Dr. Rudolph Matas : It is the change 
in the distal pulse, the Delbet sign. I can recall two cases in which the diagnosis 
was made in that way. One was a case of aneurysm of the popliteal arterj’. No 
bruit tvas discernible. A mass was present. It was not possible to find the pulsa- 
tion of the tibial arteries. I presented this patient to a class and Dr. Matas 
operated, confirming the diagnosis. The explanation was simple. The aneurysm 
was so filled with clot that there was little movement of blood. 

In a case of aneurysm of the forearm seen recently, the patient had a hematoma 
that permitted the diagnosis by means of a needle. There was no pulsation and no 
bruit; yet, on incising the hematoma, arterial blood came out, escaping from a 
wound of the radial artery. I think it important to realize that aneurysms may 
be recognized on this Delbet sign. 

It happens not infrequently that an aneurysm is incised under the diagnosis of 
abscess. I know of a case in which an aneurysm of the subclavian artery was 
incised in that way. The patient had pain and tenderness, a rise in temperature and 
leukocytosis. A colleague of mine opened the aneurysm in the belief that it was 
an abscess. I think this diagnostic point should be brought out and carefully 
considered, as tending to prevent such errors. 

Dr. Albert 0. Singleton, Galveston, Texas : Through his persistence in this 
case Dr. Gilcreest has obtained an excellent result. Arteriovenous aneurysms are 
more of a problem than the sacculated aneurysms. Probably in Dr. Gilcreest’s 
case he performed part of the operation and hoped for success, and then did the 
other part subsequently, rather than completing it all at once. He has shown that 
the operation took a long time, and I do not think that he is necessarily a slow 
operator. Any one who has operated in these cases realizes that although time 
passes rapidly, the surgeon often does not get far. 

I appreciate Dr. Gessner’s remarks about the diagnosis, and think they should 
be repeated often. In the usual run of work, these cases are not seen frequently, 
and these points are sometimes forgotten. The aneurysm varix has an opening, 
which makes the problem more difficult than in the case in which Dr. Gessner 
was able to suture the aneurysm from within the vein. I have been helped in two 
or three cases in making a differential diagnosis between aneurysm varix and arte- 
riovenous aneurysm by injecting sodium iodide into the artery, and then making 
a roentgenogram to show the direct communication. This method also shows the 
collateral circulation in its approximation to the sac. In one case it showed that 
there was a considerable interval and a sac between the artery and the vein. 

Dr. Gilcreest, I think, is right in ligating the vein at the same time as the artery. 
I had a patient with an aneur 3 ’sm at the lowest part of the external iliac arterj', 
on which I intended to perform a double ligation. On exposing it, however, above 
the aneurj'sm and clamping the arterj' I saw such an immediate blanching of 
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the foot that it was evident that an ischemic gangrene would probably develop 
if I ligated the artery alone. On clamping the vein, the warmth of the foot 
promptly returned. I ended by ligating both of the vessels, and the circulation 
was not much interfered with. The leg remained warm and continued warm until 
a subsequent ligation resulted in a perfect cure. 

Dr. W. Lowndes Pefle, Richmond, Va.; I also wish to congratulate Dr. 
Gilcreest on his perseverance and success, and wish to show you a recent case of 
aneurysm of the femoral artery, which occurred in a man about 22 years old, who 
had been shot with a 22 caliber rifle about ten years before. He was not ill at 
the time, there was no swelling, he resumed all of his activities, athletics and so 
forth, and had no trouble for nine years. He then began to have attacks of pain 
in the region of his heart. Six weeks before iiis admission to the hospital he 
had violent pain over the region of the iliac artery. All of the typical signs and 
symptoms of a fistula were obtained. The x-ray picture showed an enormously 
large artery pulled to one side, the femoral vein accompanying it also pulled to 
one side, and the vein which lay beneath it was visible. One could see the small 
aneurysm, about the size of a pigeon’s egg. It was as though the drift of the 
arterial blood driven across the vein has caused this sacculation. The man was a 
good patient, young, strong and thin; it was possible, therefore, to ligate the artery 
above and below, and ligate the normal femoral vein .above and below. We then 
dissected out the sac. There were several veins opening into this which were 
easily tied. 

I am glad to see that the other speakers have no doubts whatever about the 
advisability of ligating even tlie normal accompanying vein. This seems to be now 
an ordinary procedure, which one might speak of as stabilization of the vein. 
There was no reaction in the dorsalis pedis artery or the posterior tibia which 
was apparently normal on both sides. The patient made an uneventful recovery. 

Dr. J. L. Campbell, Atlanta, Ga.; I suppose that the surgical division of the 
Grady Hospital is the best place in the world to find injuries to blood vessels. I 
recall twenty-five or thirty patients who have been operated on for this condition 
in my service, and most of these cases were of the arteriovenous type. I operated 
on a patient for subclavian aneurysm a number of years ago, and am glad to 
know that Dr. Gilcreest recommends resection of the clavicle. I do not think that 
one can operate adequately without this space. In my case I succeeded in curing 
the patient, in whom the condition was quite recent, by proximal ligation. The 
patient was a negro and I was unable to keep track of him. 

The next case was that of an aneur 3 'sm of the common carotid artery in which 
an arteriovenous aneurysm had occurred. In that case I succeeded in restoring 
both vessels and the patient recovered. 

The ne.xt case was that of a subclavian aneurysm in which I attempted to 
restore the lumen of both vessels. I had just the condition that Dr. Peple showed, 
with dilation of the vein. I applied a suture and attempted to make the separation 
so that I could close it. The patient became weak and the anesthetist said that I 
had better stop. Unfortunately, the patient died. That is the only patient that 
I have lost. 

I have had two cases of aneurysm of the profunda and two of the femoral 
arter 3 '. In one of these I attempted to restore the lumen of the vessel, and 
gangrene resulted. In the other case I did not see the patient until after 
the hmb had been amputated. I have had one aneurysm at the bend of the elbow, 
and two or three in the popliteal space. When the patients are seen early I think 
proximodistal ligation should be performed. If they are seen later, but when 
t re vessels can be cleared and the patient is in good condition, 1 think that the 
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lumen can be restored without much difficulty. In one case of a pulsating 
exophthalmos I succeeded in partially occluding the internal carotid artery with 
a band, and relieved the patient of all his symptoms. 

These cases are interesting. Any time the physicians present happen to be in 
Atlanta, I shall be glad to show them some of the cases. There nearly always 
are several in the hospital. 

Dr. George Tully Vaughan, Washington, D. C. : I listened with great 
pleasure to Dr. Gilcreest’s account, for I have had much experience with 
aneurysms of various kinds. Dr. Campbell just said that he was foolish enough 
to try to close the wounds and vessels in one patient and the patient died. Per- 
haps if he had closed the wounds the patient would not have died. I was foolish 
enough to try the same thing a number of years ago. A patient had just been 
shot through Scarpa’s triangle. The injury happened on a street car and someone 
stuck a handkerchief into the wound. I watched the case and for two weeks 
there was no sign. Then an aneurysm varix developed, with a bruit. I operated 
and found a wound in the vein and artery, also four points in vessels filled with 
lymph. I closed these openings with fine vaselized sutures. The patient is living 
today, after fourteen years, and has no trouble with his e.xtremities. 

So many surgeons have spoken of the necessity of ligating both vessels, that 
they occlude the veins. This may be necessary occasionally, but not always. I 
have operated on many patients and have performed the Matas operation on 
several occasions, filling in the walls of the vessel sac so as to close the vessel 
completely, and not touching the vein. I have done this on the external iliac, the 
iliac, and on the femoral arteries and have not seen a case of gangrene. I have 
had probably a dozen cases of this kind. 

I wish to ask Dr. Gilcreest why he did not find the openings in these two 
vessels and sew them up instead of using so many ligatures. 

Dr. Walter C. G. Kirchner, St. Louis : I wish to congratulate the essayist on 
this splendid piece of surgery. Three years ago I ligated a subclavian artery in 
the first portion, I wish to mention a few points in differential diagnosis. This 
case was also a gunshot wound, the aneurysm having enlarged and become 
engorged on the vessels of the neck. It was present on the left side. There was 
no pulsation in the right pulse. There was atrophy on the one side, in addition 
to the enlargement on the other. In other respects there were all the characteristic 
signs of aneurysm. Careful dissection was made under general anesthesia. It was 
possible to ligate the first portion of the subclavian artery near the aortic arch 
without resecting the clavicle. In fact, that was the easiest part of the operation. 
The more difficult part, a fact that I can appreciate greatly, is the opening of the 
sac and the treatment of the condition when the hemorrhage is present. Unless 
one has had that experience he cannot realize how difficult it is to find these 
structures. In the aneurysm there is a lot of fibrous tissue and a lot of disar- 
rangement of structures. This explains why so much time is necessary in handling 
these cases. 

Dr. Gilcreest; I am naturally pleased that the report of this case excited such 
extensive discussion. 

Referring to Dr. Gessner's mention of Delbet’s sign, it will interest him to 
know that the patient’s radial pulse was practicalb' imperceptible, which is con- 
sistent with what Dr. Gessner pointed out; it became palpable only after the 
second operation. 

I am glad to note that Dr. Singleton also appreciated that to carry out this 
technic correctly consumes much ^ime. The cases reported by him and Dr. Peple 
are of great clinical significance. 



397 


GI LCREEST—ARTERIOVENO US AN EUR YSM 

The large series of operations by Dr. Campbell are most unusual. I do not 
know anywhere in the country where such a wealth of records of vascular 
surgical procedures could be found. I shall indeed avail myself of Dr. Campbell s 
invitation to see some of these patients the first time I revisit Atlanta. 

Answering Dr. Vaughan’s question of why I did not find the openings into the 
arteries and veins and sew them up, instead of resorting to so many ligatures, I 
can only repeat what I said before, that to have attempted this procedure through 
such a wilderness of large dilated thin-walled veins would have been only to 
produce profuse hemorrhage and court disaster. Dr. Kirchner emphasized this in 
his remarks. 
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THE CELIAC PLEXUS AND ITS BRANCHES* 


F. KISS, M.D. 
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Modern surgery through the use of local anesthesia has focused 
attention on the celiac plexus. At first, the chief concern was merely 
to develop a technic for making injections into this plexus which would 
permit the carrjdng out of certain major operations under local anes- 
thesia. This led to the recording of new observations concerning its 
physiology. Relatively little attention has been paid, however, to the 
exact macroscopic and microscopic appearance of this region in the 
light of recent surgical experiences. Some of the disturbances referable 
to the duodenum and the pancreas which make their appearance after 
operations on the gallbladder and other abdominal operations require an 
exact anatomic knowledge of the celiac plexus for their proper under- 
standing. So, too, attacks of abdominal pain simulating pain due to 
gallstones can be better differentiated from pancreatic, celiac and other 
types of medical and surgical pain, if one appreciates more fully the 
histologic character and ramifications of this plexus. 

The modern surgeon still refers to the anatomic plates of the celiac 
plexus executed during the past century by Hirschfeld-Leveille,^ Henle,® 
Testut,^ Poirier, ■* Quain ’ and others, since nowhere in the newer 
literature is there to be found any record of a recent systematic investi- 
gation of the plexus as a whole. Even the work of Hirt ® ( 1924) is 
concerned only with the innervation of the kidney and the suprarenal 
gland, while Raigorodsky ^ ( 1928) described only the branches of the 
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hepatic plexus. The well known illustrations which are to be found 
in textbooks give, in general, a clear idea of the topography of the 
branches of the plexus. But they are more or less schematic, do not 
concern the innervation of the pancreas and the duodenum and do not 
treat of the plexus in relation to surgical procedures. 

This stimulated us to investigate the celiac plexus from the stand- 
point of modern surgery, which we did with the help of the newest 
macrotechnical methods. We carried out our investigations on thin adult 
human cadavers. In animals, the topography and distribution of the 
plexus are extremely variable, so that the anatomic relationships, as 
well as the physiologic results, obtained from dissections and investiga- 
tions carried out on animals cannot be compared with those obtained 
in man. It has been our aim in this study to present a systematic 
description of the plexuses and their connections without exact reference 
to topographic details. 

TECHNIC 

We dissected under slowly dripping water, and we also employed the acidol 
pepsin digestion method with good results.* The dissection was also carried out 
on specimens that were not fi.xed and which were kept in cold running water 
during a period often of from two to three days or more. This loosened the 
collagen fibers. The cleanly prepared nerves were later colored by the method 
described by Gyermek” of this institute in 1919. 

In the preparation of fine nerves there is always the danger of calling adjacent 
lymph vessels, small veins and connective tissue fibers, nerves. To avoid this, 
we compared several specimens prepared one after another, and controlled the 
relation of the nerves, as well as of the ganglions, with one another. 

In addition to the celiac ganglions, well known treatises also describe 
the celiac plexus, which they consider the central part of the whole 
system. The following are mentioned as individual parts of the plexus 
which go to the various organs: (1) plexus phrenicus or plexus 
diaphragmaticus, (2) plexus aorticus, (3) plexus suprarenalis, (4) 
plexus renalis, (5) plexus spermaticus, (6) plexus gastricus superior 
and inferior, (7) plexus hepaticus, (8) plexus lienalis, (9) plexus 
mesentericus superior, (10) plexus mesentericus inferior and (11) 
plexus pancreaticus. We, for the most part, employ this grouping. 

In our description, we wilt consider; (1) the celiac ganglions, (2) 
the roots of the celiac ganglions, (3) the branches of the celiac gan- 
glions and (4) the microscopic structure of the celiac plexus. 

8. Two pastils of strong acidol pepsin are dissolved in 200 cc. of water. The 
field of dissection is kept well moistened with this solution. It is applied either by 
tampons or by pipet and, if necessary, over a period of from two to three hours. 
This makes the removal of connective tissues considerably easier. 

9. Gyermek ; Farben makroskopisch-anatomischer Praparate, Ztschr. f. wis- 
sensch. Mikr. 35:45, 1918. 
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THE CELIAC GANGLIONS 

In most instances, we found a flat ganglion the size of a strawberry 
on each side of the celiac artery (figs. 1, 2 and 3), the form of which 
may be variable. We sometimes found two, three or more smaller 
ganglions on each side (fig. 4). The ganglions on one side are united 
to those on the other by many transverse fibers above and below the 
celiac artery, in front of the aorta (fig. 1). In the majority of cases, 
however, an unpaired ganglion lies under the celiac ganglions directly 
on the aorta (fig. 3 IS). Many authors call this ganglion the ganglion 
aorticum or, because of its union with the renal plexus, the ganglion 
aorticorenale. The other ganglions in this region, which we have 
illustrated in our figures, belong to the diaphragmatic and renal plexuses. 
The celiac ganglions form the central point for the celiac plexus. 

THE ROOTS OF THE CELIAC PLEXUS 
The roots of the celiac plexus are formed by the nervi splanchnic! 
majores and minores and both vagi. Figures 1 and 2 and figure 3 
2 and 2a show clearly the course of the splanchnic nerves. It is of 
practical importance to note the lengthy course (from 8 to 10 cm.) of 
the nervus splanchnicus major (fig. 3 2) behind the lumbar portion of 
the diaphragm. Surgical procedures also make use of this fact. Thus, 
the splanchnic nerves are infiltrated transdiaphragmatically in the space 
between the vertebral column and the lumbar portion of the diaphragm. 
In that the splanchnic minor (fig. S 2a) lies close to the splanchnic 
major, it is of course blocked by the same injection. In this way (as 
will be seen in the paragraph dealing with the microscopic structure of 
the plexus), all the sensory roots of the celiac plexus are blocked. 
Figure 3 3 shows that after the splanchnic major perforates the dia- 
phragm, it then turns in a right angle medially and ends in the celiac 
ganglion. 

One reads in most textbooks (for example, that of Spalteholz ^®) 
that the left vagus does not always take part in the formation of the 
celiac plexus. We, however, found in every specimen that both vagi 
contributed many branches to the formation of the plexus (fig. 1 5). 

Spalteholz pointed out that the upper lumbar ganglions of the sym- 
pathetic send fibers to the plexus. Because of the proximity of the 
plexus to the ganglions, this would seem quite possible. We found 
no such branches. 

THE BRANCHES OF THE CELIAC PLEXUS 

We desire to draw special attention to the linking branches between 
the celiac ganglions of both sides (fig. 1) which lie in front of the 

Anatomie des Menschen, Leipzig:, S. Hirzel, 
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aorta, surround the celiac artery and form a dense plexus. The older 
descriptions lead one to the erroneous belief that both celiac ganglions 
sometimes form a single semilunar ganglion. We did not observe this 
in any specimen. As we have already pointed out, the celiac ganglions 
form with their branches the center and chief plexus of nerves going 
to the abdominal organs. The splanchnic nerves enter the ganglions, 
while the fibers of both vagi either end in these linking branches or 
run direct to the plexuses in the organs. All sympathetic and sensory 
fibers of the celiac plexus arise either from the ganglion bodies or from 
the linking branches. This explains why infiltration of the celiac gan- 
glions results in complete anesthesia of tlie area between the diaphragm 
and the pelvis. 

We refer briefly to the following plexuses of nerves going to the 
various abdominal organs. 

Plexus Plirenicus (figs. 1 and 2). — This small plexus lies on the 
anterior part of the lumbar portion of the diaphragm in the region of 
the inferior phrenic artery. The roots of this plexus arise directly 
from the celiac ganglions. We found the ganglion phrenicum, which 
is the size of a small pea, on both sides (fig. 1 12). On the left side, the 
ganglion phrenicum lies in closer relation to the celiac ganglion. 
Luschka,“ in 1853, described the relation of this ganglion with the 
phrenic plexus and phrenic nerve. We observed the same relationship in 
everj' specimen. But the phrenic plexus and the sympathetic nervous sys- 
tem play no part in the motor innervation of the diaphragm. Our micro- 
scopic investigations have shown that the branches of this plexus consist 
mostly of nonmedullated sympathetic fibers, and that between the 
sympathetic fibers only solitary medullated fibers are to be seen. The 
sympathetic fibers run to blood vessels and to the suprarenal glands, 
while the medullated fibers unite the region of the celiac plexus with 
the phrenic nerve and through the phrenic nerve with the cervical 
plexus. This is the route through which “pain” from the region of 
the celiac plexus (liver, pancreas, kidney, stomach and intestinal canal) 
reaches the plexus in the cervical region and produces reflex pain in 
the shoulder. In support of our observation is also the fact that, after 
splanchnic anesthesia, the movement of the diaphragm is in no way 
affected either by the development of a partial paralysis or by other 
functional disturbances. 

Ple.rus Suprarenalis (figs. 1 13 and 2 9a ). — The maii}^ roots of 
this plexus arise from the celiac ganglion and from the phrenic and renal 
plexuses. We found no macroscopic ganglions in this plexus. Accord- 

11. Luschka: Nervus Phrenicus, Tubingen, H. Laupp, 1853. 

12. Kiss and Pallon; Contribution to the Nerve Supph’ of the Diaphragm, 
-'\nat. Rec. 41:285, 1929. 




Fig. 1.— Plexus cocliacus (splanchnic— deep level). Figures 1 and 2 are taken at different levels. 
1 indicates trinicus sympatliicus ; 2, nervus splanchnicus major; 3, nervus vagus (right); 4, nervi 
intercostalcs ; 5, ribs; 6, diaphragm; 7, suprarenal gland (right); 8, pancreas (bodt-), retracted to 
the left; 9, kidney; 10, plexus aorticus ; 10a, aorta; 11, plexus phrenicus (diaphragmaticus) ; 12, 
ganglion phrenicum; 13, plexus suprarenalis ; 14, ganglion coeliacum (right); 13, plexus renalis 
and renal artery; 16, cardia ventriculi; 17, plexus cardiacus; 18, gastric artery (left) ; 19, plexus 
coeliacus and cocliac artery; 20, ganglion coeliacum (left) ; 21. ple.xus pancreatis (left portion) ; 22, 
plexus licnalis and splenic artery, and 23, plexus mesentericus superior and superior mesenteric 
artery. 




Fig. 2. — Plexus coeliacus (superficial level), i indicates liver, lobus caudatus (Spigelii) ; 
2, esophagus; 3, stomach; 4, diaphragm; 5, ductus hepaticus ; 6, hepatic artery; 7, plexus 
hepaticus; S, plexus cardiacus ; 9, suprarenal gland (left) ; Pa. ple.xus suprarenalis sinister; 10, 
ganglion coeliacum sinister ; 11, plexus lienalis and splenic artery ; 12, aorta ; 13, plexus mesen- 
tcricus superior and superior mesenteric artery: 14. ple.xus duodenalis (in part); 15, caput 
pancrcatis; 16, plexus pancreatis (right portion) ; 17, pylorus, and IS, duodenum. 




Fig. 3. — Plexus coeliacus, seen from the right. 1 indicates truncus sympathicus dexter , 2, 
nervus splanchnicus major ; 2a, nervus splanchnicus minor ; 3, nervus splanchnicus major per- 
forating the diaphragm; 4, liver; 5, gallbladder (pulled to left) ; 6, vena cava inferior, 7, 
diaphragm (lumbar portion) ; S, plexus hepaticus (posterior view) ; 9, caput pancreatis 
(pulled over to left) ; 10, plexus pancreatis (posterior view) ; 11, duodenum (pulled to left, 
posterior view) ; 12, peritoneal covering of duodenum ; 13, ganglion coeliacum dexter ; 14, plexus 
rcnalis dexter and renal artery; 15, vena cava inferior (pulled to right, posterior view); 16, 
aorta with ple.xus aorticus; 17, kidner' (right), and IS, ganglion aorticum. 









Fig. 4. — Plexus liepaticus, pancreaticus and duodenalis. 1 indicates liver ; 2, esophagus , 3, stomach, 
cardia ; 3a, pylorus ; 4, gallbladder ; 5, ductus hepaticus and plexus hepaticus ; 6, hepatic artery and 
plexus hepaticus ; 7, plexus cysticus ; S, plexus py'oricus ; 9, gastroduodenal artery ; 10, caput pan- 
creatis ; 11, plexus pancreaticus; 12, duodenum; 13, plexus duodenalis; 13a, plexus duodenalis (left 
portion) ; 14, plexus mesentericus superior and superior mesenteric artery; 15, gastric artery (left) ; 
16, ganglion coeliacum dexter ; 17, ganglion coeliacum sinister, and IS, splenic artery. 
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ing to Hirt," the individual fibers of the plexus run through the left 
suprarenal gland toward the renal cortex. 

Plexus Remlis (figs. 1 15 and 3 i^).— The roots of this plexus 
arise from the celiac ganglion, from the uniting branches between the 
right and the left celiac ganglions and from the aortic plexus. We 
always found several ganglions in the plexus, varying in size from that 
of a millet seed to that of a pea. The branches follow the renal 
arteries. 

Plexus Aorticus (figs. 1 10 and 3 16 ). — This is a dense plexus on 
both sides of the abdominal aorta with many linking branches between 
both sides. Its chief branches arise from both trunks of the sympa- 
thetic, from the celiac plexus and from both renal plexuses. The aortic 
plexus sends branches to the inferior mesenteric plexus and to the 
spermatic plexus (latter not illustrated in the figures) . 

Plexus Cardiaciis and Plexus Pyloricus (figs. 1 17, 2 8, A 8 and 
5 1 ). — The descriptions hitherto make mention of a gastric plexus or 
a superior and an inferior gastric plexus. We constantly found that 
the nerves reach the stomach at the cardia and at the pylorus, so that it is 
preferable to speak of a cardiac and a pyloric plexus. 

The cardiac plexus is formed by branches of both vagi and by 
branches from the celiac plexus. Accessory branches come from the 
celiac ganglions, from its uniting branches and from the hepatic 
plexus. It forms a small plexus, which encircles the gastric artery, and 
which runs to the cardiac portion of the stomach. Here it meets the 
branches of both vagi. 

The pyloric plexus (fig. 4 8) comes from the hepatic plexus and 
from the plexus that winds around the gastroduodenal artery (fig. 4 P). 
The roots of the last mentioned plexus arise partly from the hepatic 
plexus and partly directly from the celiac plexus. The branches pene- 
trate obliquely into the wall of the stomach. 

We do not wish to make any lengthy clinical digressions in this 
report. But the description that has been given suggests that certain 
derangements after operations on the stomach may be explained on 
a purely anatomic basis, particularly the normal correlated action of 
pylorus and cardia. When one appreciates that gastrojejunal ulcer 
develops more frequently when a gastro-enterostomy has been performed 
on a normal stomach than when it has been performed for ulcer, and 
that amputation neuromas may be demonstrated at the base of gastric 
ulcers, then it seems not unlikely that at least some of the disturbances 
noted, particularly after extensive operations on the stomach, are to be 
attributed to the destruction of important nerve fibers. This may be 
caused either directly through degeneration of nerve fibers or indirectly 
by the formation of scars. Certain it is, however, that extensive resec- 
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tions of the stomach are not possible without destruction of important 
nerve fibers. 

Plexus Liemlis (figs. 1 22, 2 11 and 4 IS). — The roots of this 
plexus come from the celiac plexus, -from the cardiac plexus and from 
the superior mesenteric plexus. Single branches come directly- from 
the left celiac ganglions. The splenic plexus directs itself with the 
splenic artery to the spleen. On its wa}', this plexus gives off many 
branches to the pancreas (fig. \ 21). We found no macroscopic gan- 
glions in this plexus. 

Hepatic Plexus (figs. 2 7, Z S, 4 5, 6 and 7 and 5 4). — The hepatic 
plexus is a rich plexus that lies in the hepatoduodenal ligament, and 
surrounds the hepatic arter}', portal vein, hepatic duct and common 
bile duct. As many fibers run anterior!}' to these structures as pos- 
teriorly; for this reason Raigorodsk}',^ in a new description, distin- 
guished an anterior and a posterior hepatic plexus. The fibers which 
go to the gallbladder form a small cj'stic plexus in the region of the 
cystic duct (fig. 4 7). The roots of the hepatic plexus arise from the 
right celiac ganglion and from the fibers which unite both celiac gang- 
lions, from the aortic plexus and from the right renal plexus. The 
hepatic plexus sends branches to the liver, gallbladder, suprarenal 
glands, pyloric end of the stomach and head of the pancreas. We found 
no macroscopic ganglions in this plexus. 

Raigorodsky differentiated four types of hepatic plexus after the 
four types of hepatic artery described by Rio-Branco.^^ One of us 
(F. K.^'*) recently described twenty-four variations of the hepatic 
artery, and we were able to compare our nerve specimens with his 
original specimens. We found that several branches of the hepatic 
plexus always follow the abnormal branches of the hepatic artery. The 
main part of the plexus, however, is situated even in such cases on the 
anterior and posterior surfaces of the common duct and the portal vein. 

The purpose of the following is merely to point out that certain 
clinical applications can be made of our anatomic observations. We 
mention some of them : 

Relatively little damage is done to' the important nerves in operations 
confined to the cystic duct. 

In operations on the common bile duct, it is possible to damage 
important nerve fibers. It is true that in conditions involving the 
common duct, the pain is often pancreatic in origin. This need not, 

13. Rio-Branco : Essay sur I’anatomie et la medecine operatoire du tronc 
coeliaque, Paris, 1912. ■ 

14. Kiss and Mihalik; Ueber die Zusammensetzung der peripheriseben Ner- 
ven und den Zusammenhang zischen Morphologie und Funktion der peripheriseben 
Nervenfasern, Ztschr. f. Anat. u. Entwgesch. 88:112, 1928. 
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however, necessarily' be so. If the same pain for which the patient was 
operated on persists, it is, of course, impossible to exclude with absolute 
certainty a pancreatic origin, even though the pancreas is clinically 
normal, particularly since the common bile duct is so closely related to 
the head of the pancreas. It is for this reason, too, that patients with 
conditions involving the common duct often complain of pain in the 
back. This pain can frequently not be differentiated from pancreatic 
pain or celiac neuralgia. That there should be pain in the back and 
vertebral tenderness is to be expected, since the gland, as well as impor- 
tant nerve fibers, lies retroperitoneally. Should, however, a new type of 
pain make its appearance after operation, one must always appreciate 
the possibilit)^ of some inflammatory or degenerative process involving 
the pain-bearing fibers which surround the common duct and should 
remember that this raa}' be as frequent an occurrence as the ordinary 
scar formation in the common duct. The distribution of these fibers 
is such that an uncomplicated picture will only be present early in the 
cases, before there is an associated pancreatitis. Thus, in the more 
chronic cases, only a careful clinical history and tracing of the course and 
distribution of the pain will help to locate its original site. 

Plexus Mcsentericus Superior (figs. 1 2J, 2 13 and 4 14 ). — This 
plexus forms a shell around the superior mesenteric artery. All the 
fibers arise from the celiac plexus (ganglions and linking fibers). The 
vast majority of the fibers run with the superior mesenteric artery to 
the intestines. Individual fibers run to the hepatic, cardiac, renal, pan- 
■ creatic and duodenal plexuses. 

Plc.vus Pancreaiicus (figs. 1 21, 2 16, 3 10 and 4 11 ). — ^This rich 
plexus is not even mentioned in most textbooks and has never been 
illustrated. The plexus is made up of two parts. One part supplies 
the head of the pancreas, the other part the body of the pancreas. The 
part that supplies the head of the pancreas (figs. 2 16, Z 10 and A 11) 
arises with many trunks from the celiac plexus (ganglions and connect- 
ing fibers) and from the superior mesenteric, aortic, hepatic and duo- 
denal plexuses. The main part of the plexus lies behind the head of the 
pancreas and sends fibers from there into the head of the pancreas. 

The other portion of the plexus, which goes to the body of the 
pancreas (fig. 1 21), arises from the splenic plexus, and its fibers 
enter, one after the other, the substance of the pancreas. Both portions 
are without macroscopic ganglions. 

This distribution of nerves to the pancreas, through its substance 
and thence to the concavit}' of the duodenum, explains clearly why acute 
pancreatitis often simulates ileus and why the latter may be an associated 
observation. We have seen that in certain cases these nerves may be 
involved by scar, which may spread between the nerv'e fibers or even 
produce amputation neuromas. We suggest the foregoing possibilities 
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merely as some of the causes of pain in chronic pancreatitis. The celiac 
plexus may itself be involved by some inflammatory process or through 
pressure. The former also serves to explain certain types of pain that 
persist after operations on the biliary system. Pain in pancreatic condi- 
tions, particularly cysts, may be due to a “neuralgia” of the pancreatic 
and celiac plexuses. It may, on the other hand, be due to direct pressure 
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Fig. S. — Hepatic, cardiac and duodenal plexus, anterior view. 1 indicates car- 
diac plexus ; 2, caudate lobe of liver ; 3. liver ; 4, hepatic ple.xus ; 5, right branch 
of hepatic artery; 6, gastroduodenal artery; 7 and 9, duodenal plexus; S, duo- 
denum; 10, stomach; 11, left gastric artery, and 12, pancreas. 

on nerve endings rather than to pressure and pull on the intestine. Of 
pain that is pancreatic in origin, it can usually be said that the localization 
corresponds to the organ from which it emanated. The retroperitoneal 
position of the pancreas and of important nerve fibers explains, as we 
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have alread}' mentioned, why there is pain in the hack and why pancreatic 
pain is often increased when the patient is in the dorsal position. It 
seems that conditions of the pancreas limited to the head of the pancreas 
cause pain more frequently than those situated elsewhere in the pancreas. 
The relationship of the common bile duct and the presence of a separate 
plexus going^ to the head of the pancreas may perhaps explain this 
observation. 

Plexus DuodciwUs (figs. 2 14, 4 13 and 13a and 5 P). — This plexus 
is not mentioned or illustrated in atlases or textbooks. The plexus lies 
behind the pancreas on the posterior abdominal wall in the retroperi- 
toneal tissue. The fibers arise from the pancreatic plexus and from the 
superior mesenteric plexus ; a separate portion from the celiac plexus 
goes to the duodenal jejunal flexure. The branches reach the duodenum 
on its concavity. The plexus is rvithout macroscopic ganglions. The 
distribution and arrangement of nerve fibers going to the duodenum 
suggest a route bj^ which duodenal conditions may be reflected in the 
pancreas. 

Plexus Mcscntericus Inf crior (fig. 1 10a ). — This plexus arises from 
the aortic plexus and surrounds the artery that bears its name. 

Plexus Spcnnalicus and Ovaricus (not illustrated). — The fine trunks 
of this plexus arise from the aortic and renal plexuses. The plexuses 
run with the similarly named artery. 

THE ^^lCJiOSCOPJC STJiUCTUKE OF THE CELIAC PLEXUS 

The trunks of the splanchnic nerves and vagi bring three different 
morphologic kinds of fibers to the celiac plexus. The nonmedullated 
sympathetic fibers preponderate in the splanchnic nerves (fig. 6 2). 
Among these are mixed many thin medullated fibers (fig. 6 1) and 
also solitary, thick medullated fibers (fig. 6 4). In the abdominal part 
of the vagus, we found the same three kinds of fibers (fig. 7). 

Kiss and Mihalik ( 1928) showed that the sensory and parasym- 
pathetic (vagus) fibers have thin medullary sheaths, that the motor 
fibers have thick medullary sheaths and that the sympathetic fibers are 
iTonmeduilated. These authors also found fibers with thick medullary 
sheaths in the posterior spinal roots, the function of which is unknown. 
On the basis of these and the aforementioned investigations, the thin 
medullated fibers in .the splanchnic nerve are known to be sensory, 
\s hereas the thin medullated fibers in the vagus are parasympathetic, and 
the large solitar). medullated fibers of the splanchnic nerves probably 
belong to those leaving the spinal cord through the posterior roots and 
proxably conduct themselves centripetally. The most important fact 
w uch the surgeon has to know is that the sensory fibers to the celiac 
P e.\i!s rati in the spiandmic nerves ; that is why so many thin medullated 
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fibers are found in them. It follows from these observations that one 
finds in the branches of the celiac plexus the same three types of fibers 
that occur in the splanchnic nerves and in the vagi. In some plexuses, 
for example, the hepatic and renal plexuses, one finds fewer medullated 
fibers than one does in the branches of the superior and inferior mesen- 
teric plexuses. 

SUMMARY 

A description of the celiac plexus from the standpoint of modern 
surgery is presented. 

The celiac ganglions, the roots of the celiac ganglions, the branches 
of the celiac ganglions and the microscopic structure of the celiac plexus 
are discussed. 

The plexuses of nerves going to the various abdominal organs ai'e 
also mentioned. Particular attention is drawn to the descriptions and 
illustrations of the pancreatic and duodenal plexuses. These plexuses 
have never been illustrated before. 

A block anesthesia of the splanchnic nerves gives the same results 
as infiltration of the celiac ganglions with their uniting branches. 

In complete anesthesia of the splanchnic nerves or of the celiac 
plexus, the sensory, sympathetic and parasympathetic fibers are all 
blocked. 

In order to obtain complete anesthesia, injections must be made on 
both sides of the splanchnic nerves, or in the celiac ganglions. A single 
injection suffices, because the splanchnic nerves, as well as the celiac 
ganglions, lie in loose retroperitoneal tissue. 

We have drawn attention to the rich hepatic and pancreatic plexuses, 
which lie in the field of so many surgical procedures. Important fibers 
may thus be easily damaged. 

It follows from the intimate relationship of the various plexuses 
with one another and with the centrally placed celiac plexus that certain 
lesions involving individual plexuses, such as the hepatic or the pan- 
creatic plexus, may have their signs and symptoms reflected in other 
organs. Some disturbances referalrle to the duodenum and the pancreas 
after operations on the gallbladder may be explained on this basis. 
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Little has been written in this country concerning branchial cleft 
cysts and fistulas. Phases and fragments of the subject have been dis- 
cussed in a few worthy papers. The interest aroused in a familial group 
of branchial fistulas recently studied in this hospital led us to feel that 
it would be worth while to present a fairly complete and comprehensive 
review of the whole subject in one paper. 

Ninety case reports were studied, as well as the seventeen in our own 
archives. Many other case reports were not listed because of their 
incompleteness and because they presented nothing new. 

Much of the information concerning the history of this subject was 
obtained from Wenglowski’s extensive work. 

HISTORY OF THE SUBJECT 

The study of fistulas of the neck up to the presentation of von 
Ascherson in 1832 was in its infancj' and in a chaotic state. After 
compiling his cases of lateral fistulas with all the known cases of fistulas 
and cysts at that time, von Ascherson concluded that these fistulas 
resulted from malformed branchial clefts which failed to close or to 
unite normally. 

In view of the work of von Rathke, von Ascherson was cognizant 
of a prominent process that developed out of the second branchial arch 
in vertebrate embryos and that is the most prominent portion of the 
branchial apparatus ; that is, the “Operculum branchiale of Rathke.” 
Ascherson stated that the external orifices of fistulas pointed up under 
the operculum and thus the fistula was formed by a failure of the cleft 
boundaries to fuse or close. Succeeding authors, though they believed 
in the branchial cleft origin of the anomaly, opposed von Ascherson 
somewhat by introducing the conception that a fistula could develop from 
any of the four clefts. The fact that prompted this deduction was the 
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variety of positions that the external orifice might and did take, being 
limited, as they knew, only by the region of the st\-loid process and 
sternoclavicular junction. 

According to von Heusinger, the internal orifice of all fistulas vras 
situated at the lateral wall of the pharynx at the base of the tongue. He 
also believed that the location of the external orifice determined which 
cleft was at faifit, and stated that the fourth cleft was responsible in a 
case in which the orifice was at the sternoclavicular junction, because by 
dissection he had found that it coursed along the medial edge of the 
sternocleidomastoid muscle to the upper border of the larynx and then 
made a sharp turn toward the midline, opening at the root of the tongue. 

Bland-Sutton and von Cussett devised schemas according to which 
one could determine from which of the four clefts a fistula developed. 
His doubted the truth and value of these schemas and maintained that 
the existence of a fistula pointing into the sinus praecervicalis but not 
into the pharynx is irormal in the five weeks’ embryo. Later the thymus 
develops from a portion of the sinus praecervicalis forming a connection 
between the two. If, he stated, the existing fistula does not grow down- 
ward in the thymus region but grows upward, then a true pathologic 
fistula exists. His, in 1889, changed his mind and stated that the thymus 
developed from the pharyngeal pouch and not from the precervical sinus. 

Rabl refuted His, saying that the fourth cleft could not be a factor 
in the formation of fistula, because it is separated from the sinus prae- 
cervicalis by a thick mesodermal layer. The fistula could not result 
from the third because it is concerned with the formation of the thymus 
and therefore the fistula would have to be in close relation with the 
thymus, which is not true. He paid special attention to the origin of 
the viscera or organs of the neck from the second arch, since this arch 
is larger than the others. The second groor^e consists of a long irregular 
passage in which two rows of closely opposed epithelial cells divide the 
pharynx from the outside. He termed this the branchial canal and 
believed it to be the basis of the formation of fistula only, of course, 
when the epithelial membrane ruptures and therefore allows communica- 
tion of tlie pharyn.x with the sinus praecervicalis. 

In 1890, Kostaniecki and iMilecki studied the literature in detail pay- 
ing special attention to Raid’s w’ork. The}’ did not agree with the 
schemas of Heusinger. Bland-Sutton, etc., for the external opening of 
the fistula may at one time be high up near the jaw, then may close and 
open later in a lower position, and they therefore thought it foolish to 
sn\'^ that the position of this opening had such significance as was 
claimed. The inner opening into the pharynx, however, is constant for 
any ])articular cleft or groove. The most frequent and constant internal 
ojiening is located in the supratonsillar fossa, and they concluded from 
a search of the literature that this corresponded with the second arch. 
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thus agreeing with Rabl. According to these two men, no branchial 
cleft could persist in toto, nor could in itself be the cause of a fistula. 
In the case of the complete fistula, the limiting membrane must be rup- 
tured, and in this wa}^ the pharyngeal pouch must first break into the 
cervical sinus. Thus the complete fistula originates from a rupture of 
the second pharyngeal pouch into the cervical sinus. 

Although later work was based on the observations of these authors, 
yet some persisted in believing that the first, third or fourth grooves were 
occasionally the origin of cysts and fistulas. Kostaniecki and Milecki 
believed that Virchow’s case in 1865 originated from the first because 
of certain coexisting anomalies of the ear. 

They, however, denied the validity of Watson's argument concerning 
a case in which the fistula followed the course of and ran in the stylo- 
pharyngeus muscles. That is, he concluded that since the stylopharyngeus 
muscle originates from the third arch, the fistula must have originated 
from the third cleft. The refutation was based on the fact that the 
musculature develops at too late a period to be of significance in this way. 

Wenglowski held that if the lateral fistulas belong to the second 
groove, then the inner openings must be within the limits of this groove 
or cleft, that is, the arcus palatoglossus muscle (anterior border) and 
the arcus palatopharyngeus (posterior border). Never, he added, has 
an inner opening of a fistula been found within the tonsil or between the 
two limits mentioned. In the cases of Kostaniecki and -Milecki, Koz- 
towski, Kotalicki, Neuhdfer, Mobitz, Watson, Rehn, etc., the inner open- 
ing pointed at the root of the tongue (unterhalb) in the tonsil fossa and 
behind the arcus palatoglossus. The inner openings of the lateral fistulas, 
therefore, since the arcus palatoglossus is formed by a deeply embedded 
muscle belonging to the third arch, are closely related with the third and 
not the second arch. 

Kostaniecki and Milecki and their advocates argued that the outer 
opening may be found anywhere and was of no import as regards the 
origin of the fistula — that the outer opening developed from the inflam- 
mation, suppuration and consequent rupture of the inflammatory mass, 
and the rupture might be at any height or position, depending on the 
depth or extension of the suppurating cyst or fistula. 

Again, to the contrary, Wenglowski stated that after studying a 
series of cases, one becomes cognizant of the fact that the external open- 
ings point in a definite place as a rule. That is, they occur along a line 
extending from the angle of the mandible to the middle of the sternum, 
along the medial border of the sternocleidomastoid muscle. If suppura- 
tion and inflammation were factors in determining the orifice, it would 
be only logical to expect it to point anywhere and not follow a definite 
course as we know it does. That is, they could open lateral to the 
sternocleidomastoid muscle into it or even into the pharynx and esopha- 
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gus In. further opposition to ICostunieclvi and iMilecki, AVenglowski 
contended that the branchial apparatus does not spread itself into the 
viscera of the neck but belongs to the head. The second, third and fourth 
branchial arches do not extend downward but backward or posteriorly. 
It is self-evident that the branchial arches, as well as the grooves, are 
definitely and precisely fixed anatomicall}'^ and topographically. If the 
formation of the fistula were due to the branchial clefts remaining open, 
then the fistula would have to open in the region of the submaxillary 
angle and there would be no basis for its opening lower in the neck. 
Then again some cases are found in which the external opening is located 
at the medial edge of the sternocleidomastoid muscle and in exploring 
the canal one finds that it does not lead upward but downward to the 
sternum, where it ends blindly. These cases, he contended, cannot have 
any connection with the branchial apparatus. 

Histm-y luith Special Reference to the Development of the Branchial 
Apparatus. — The first accurate embryologic description of the branchial 
apparatus in vertebrates was given by Rathke, in 1825. He described 
the arches and clefts in the three weeks’ embryo of a pig and compared 
them with the branchial apparatus of the shark. 

In 1827, von Baer described four clefts in the human embryo. 

In 1832, von Ascherson for the first time discussed the origin of 
fistulas of the neck from the branchial apparatus, while in 1877, von 
Cusset made a compilation of various pathologic conditions of the neck 
independent of the branchial apparatus. He claimed that in man the 
first arch develops on the fifteenth day and the fourth during the first 
half of the second month. All arches extend to fuse with their fellows 
of the opposite side. Their substance consists of embryonic tissue lined 
externally with flat and internally Avith cylindrical epithelium. All arches 
arise in the region of the base of the skull, but because of the rapid 
growth of the first the lower four are crowded caudally. The rims or 
borders of all four grooves or furrows are definitely delineated at first 
but soon fuse, and fuse on the outside first because they grow more 
rapidly here. If the epithelium does not disappear before this fusion, 
many pathologic conditions result. The opposing surfaces of all the 
clefts fuse before the end of two months. 

In 1881, His. studying exclusir^ely human embryos and applying the 
reconstruction method, changed considerably the study of embrymlog)'. 
He found that the endodermal and ectodermal layers came in close 
apposition with at least only a A'ery small amount of mesoderm or parti- 
tion between the pharynx and the outside in the region of the clefts. It 
is not risking too much, he stated, to suppose that this membrane might 
tear, though, of course, this is not the rule. As one goes caudalward, 
the distance between the anterior ends of the arches becomes greater 
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so that at one time a triangular area is formed with its apex upward 
and was tenned by His the mesobranchial field. During further growth, 
the arches telescope themselves from above down so that looking from 
the outside, the fourth is covered by the third and the third by the 
second. In this way. the third and fourth become encased in a cavity 
in the wall of the neck b}’ the down growth of the second arch. This 
cavitv His called the preceindcal sinus. 

Von Mall (1887) agreed with His and Born. He found that in 
birds and higher vertebrates no breaking through of the branchial clefts 
took place, and that these clefts are always separated by a membrane 
composed of two epithelial layers. In view of the fact that these mei!"'- 
branes are thin and delicate, it is possible, he stated, that they could 
rupture in the living embryo and thus give rise to many anomalies. 

In 1888, Piersol came forth with his study of rabbit embryos. He 
came to the conclusion that the inner pharyngeal pouches are developed 
earlier and mature later than the outer arches and clefts. In mammals, 
the rule is, according to him, that the branchial clefts and phar}'ngeal 
pouches are separated by limiting membranes and that a tear can take 
place only in the second. In the first three pharyngeal pouches, two 
parts can be distinguished, the ventral horn and the posterior extremity, 
while, in the fourth, the parts cannot be differentiated. Out of the 
rcntral horns, with the exception of the first, the tubular epithelial for- 
mations grow. 

Foil, von Liessner, Kostschenke, Zimmerman, etc., took a stand 
opposite to that cf His. 

In 1884, Foil stated, after studying a 5-6 inin. hnnian en:bryo, that 
the branchial clefts must be considered as continuous structures, even 
though delicate limiting membranes are interposed. 

In 1889, von Liessner (studying chick and sheep embryos), concluded 
that patency of the branchial clefts does exist in all animals with 
certainty. 

Hammer stated that in the 5 mm. embryo, the pharyngeal pouches 
are well developed and the second is perforated bilaterally at its base. 

In summaiy, therefore, the prevailing theories concerning the origin 
of the so-called anomalies of the branchial cleft are : 

1. The branchial clefts are responsible for C 3 'sts and fistulas, (a) A 
fistulous opening or rest maj’^ persist from any of the four clefts (von 
Heusinger, Bland-Sutton, von Cusset. His. etc.). (5) Only the second 
cleft can be at fault (Rabl, etc.), (c) The cervical sinus is responsible 
for the external aspect of the anomaly (von Ascherson, Kostaniecki, 
Milecki, His, etc.). - 

2. The th 3 'mic stalk and not only the clefts is responsible for their 
origin (Wenglowski). 
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EMBRYOLOGY 

Early in the life of the emhryo (within the first three weeks of intra- 
uterine life), five bars are prominent in the region of the neck (figs. 1 
and 2). These bars are spoken of as branchial arches and the depres- 
sions or slits between them as branchial grooves. Within the pharynx 
(fig. 3) there is a bar and groove opposite each external bar and groove. 
These structures are covered by ectoderm externally, endoderm inter- 
nally and contain mesoderm between the two. The mesoderm between 
the external and internal grooves is absent or nearly so, so that the ecto- 
derm and entoderm are practically adjacent, the membrane so formed 



. . . 


1- ^ 6.5 mni. embr}'o. A indicates lower extremit}', B the tail, C the 
umbilical stalk, D the nose, E the eye, F the lower portion of the first branchial 
arch, G the second arch, H the third arch, I the heart and K the upper extremity. 
(From Wenglowski.) 

m tlie first groove persisting to give rise to the tympanic membrane. 
1 hese branchial arches and grooves are the forerunners of the gill bars 
and gill slits, respectively, in fishes, the adjacent ectoderm and entoderm 
in the depths of the groove having been absorbed to allow the pharynx 
to communicate with the outside. Hence the derivation of the word 
branchial Opayym; gills), meaning pertaining to or resembling the gills 
of a fish. In mammals, the branchial bars are the anlagen of definite 
and important structures of the face and neck. Though the grooves 
noimaliy disappear, except the first, which becomes the external auditory 
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meatus and eustachian canal, they, by their embryologic nature, not alto- 
gether uncommonly persist b)-^ failure to occlude or by inclusion of 
epithelial and endothelial remnants and lay the foundation of the most 
interesting curiosities and pathologic problems that one encounters in the 
neck. It is, of course, with the latter that one wishes ultimately to deal, 
but they are often so complex that some knowledge of their embryologic 
development and relations is indispensable if one is to have accurate 
judgment in diagnosis and assurance in treatment. 



Fig. 2. — A 6.5 mm. embryo. A indicates the branchial groove, B the mandibular 
portion oj the first arch, C and D the nasofrontal process, E the eye, F the maxil- 
lar 3 ' division of the second arch, G the second arch (operculum) and H the third 
arch (operculum). (From Wenglowski.) 

The Arches . — The first arch is larger and grows more rapidly than 
the others, greatl)' deepening the oral fossa. It early divides into two 
portions. An upper, the maxillary, portion gives rise to the upper jaw, 
the lateral parts of the upper lip and the cheeks. The lower portion 
gives rise to the lower jaw, lower lip and region of the chin. This arch, 
as do the remaining arches, contains a rod of cartilage, which in this 
particular arch is known as Meckel’s cartilage (figs. 3 and 7). This 
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cartilage extends from the symphysis menti to the tympanic cavity and 
lays the foundation of that part of the mandible which develops as intra- 
cartilaginous bone and which carries the incisoi teeth (the lemaindei 
being intramembranous bone), the sphenomandibular ligament and two 
ossicles (malleus and incus). 

Both ends of the rod of cartilage in the second arch ossify, the 
anterior end becoming the lesser cornu of the hyoid bone and the pos- 
terior end the styloid process, which fuses with the temporal bone. The 
intervening portion persists as the stylohyoid ligament. 

That portion of the stapes other than the base is probably derived 
from a portion of the cartilage of the second arch, though its base devel- 
ops as intramembranous bone. The portion of cartilage in the third 
arch becomes the greater horn of the hyoid bone, that from the two 



Fig. 3. — A diagram to illustrate the branchial arches and grooves. A shows 
the cartilage, artery and nerve contained in the arch. 

sides fusing through the body, which also develops from the third arch, 
and the whole fusing with the lesser cornua, later to form one piece. 

Tile cartilage in the anterior portions of the fourth and fifth arches 
goes to make up the skeletal elements of the larynx and though it is 
thought that the greater part, at least, of the thyroid cartilage is devel- 
oped from tlie fourth arch, the derivation of the remaining structures 
is not certain. 

In addition to the structures mentioned, which are derived from the 
cartilage bars of the arches, one must consider the vascular, nervous and 
muscular content and also the epithelial bodies of the neck to rvhich the 
arches give origin. 

^'asc^lar Content : One recalls that in the human embryo, six aortic 
arciies appear on either side of the pharynx (fig. 4), taking their origin 
from the ventral aortic trunk and roots, coursing through the branchial 
arches and joining posteriorly the dorsal aortic roots. In tlie fishes and 
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larval amphibians, in which the arches and grooves develop into the gill 
bars and clefts, tliese aortic arches persist and develop into a ramifying 
network of small capdlaries in the gill bars, which, when bathed by water 
circulating through the clefts, absorb its dissolved oxygen. 

In mammals, however, marked changes occur early in embr 3 ’onic 
life. The first two arches disappear completely (fig. 5). though the 
origin of the facial artery marks the anterior end of the first arch and 
the origin of the lingual marks the anterior end of the second. The 
third becomes the pro.ximal portion of the internal carotid, the distal 
portion of the internal carotid being the cejihalic remainder of the dorsal 



A. diagram of the aortic arches of a mammal, v a r indicates the 
ventral aortic roots, vat the ventral aortic trunk, d a r the dorsal aortic roots, 
J a the subclavian arteries and A the aorta. (From Bailey and Miller.) 


aortic root from the junction of the third arch on. The fourth arch on 
the right and part of that dorsal aortic root becomes the right subclavian, 
while on the left the fourth arch remains as the arch of the aorta. The 
fifth and sixth arches disappear, with the reservation that the sixth on 
the left leading from the pulmonary^ artery (which has now been sepa- 
rated from the V'entral aortic trunk by the septum aorticum) to the 
descending aorta persists for awhile as the ductus arteriosus (Botalli) 
and is the future ligamentum arteriosum. We will onlj^ mention here 
and refer to the fact in more detail later that a persistent second groove 
or remnant of the same would have to course superior to the internal 
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carotid and that from a third groove would have to course inferior to 
tlmt artery. It is a well known fact that those fistulas the internal 
orifices of which are in the supratonsillar fossa and many branchial 
cysts lie in the fork of the internal and external carotids. 

Nervous Content : The nerve of the first arch is the third division 
of the fifth (mandibular), while the second contains two, the facial 
(seventh) and the auditory (eighth). The third arch contains the 
glossopharyngeal (ninth), the fourth arch the superior lar3mgeal branch 
of the vagus and the fifth the inferior laryngeal. 



Fiff. 5. — .A diagram representing the changes in the aortic arches of a mammal. 
/ t imlicate.s the internal carotids, E C the external carotids, C C the common 
carotids, / ii the innominate artery, A a the aortic arch, P a tile pulmonary artery, 
6' a i‘l the right subclavian, S' a If! the left subclavian and A the aorta. (Front 
Bailey and Miller.) 

It is interesting to note in passing that, since the recurrent laryngeal 
is hid down anterior to the fourth arcii. its forced migration caudaiward 
liv the stihciavian on the right and the arch of the aorta on the left is 
accounted for. 

Mtisciiiar Content ; In view of the extensive and remote migration 
of the iiniscles about the face and neck, the problem of deducing their 
exact origin would be complex were it not for the fact that the nerves 
they carry with them serve as a key. Therefore, the muscles derived 
from the first arcli (i.c.. those innervated by the mandibular nerve) are 
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the muscles of mastication, the mylohyoid, anterior belly of the digastric, 
the tensor palati and tensor tympani. Those from the second arch 
(facial) are the stapedius, stylohyoid, posterior belly of the digastric, the 
platysma myoides and all the muscles of facial expression. Those of 
the third arch (ninth) are the stylopharyngeus and some of the soft 
palate muscles. The fourth (superior laryngeal) gives rise to some of 
the soft palate muscles, the constrictors of the pharynx and the crico- 
thyroid, while the fifth (inferior laiyngeal) is the origin of the intrinsic 
muscles of the larynx. 

From the foregoing considerations one is able, if one assumes that 
either the second, third or fourth groove persists, to deduce the theoret- 
ical course of such a resulting fistula or cyst developing from the 
included rests. In the case of the second, it should pass between the 
external and internal carotid arteries and superior to the ninth nerve. 
The third should pass inferior to the internal carotid, lateral to the 
common carotid, inferior to the ninth and superior to the superior laryn- 



Fig. 6. — A diagram to illustrate the enclosure of the precervical sinus (P S). 
T indicates the tuberculum impar and E the epiglottis. 

geal nerves. The fourth should course below the subclavian nerve on 
the right and the arch of the aorta on the left. 

As a matter of fact, the situation is not quite this simple, for at about 
the fourth week of intra-uterine life the second aich grows outward and 
downward to meet the body wall, thereby enclosing the external aspect 
of the second, third and fourth grooves (fig. 6). The ectoderm lined 
pocket so formed is known as the cervical sinus and is probably responsi- 
ble in diverse ways for the congenital anomalies. Thus, any of the 
following mechanisms might possibly obtain : 1. Any one of the grooves 
might remain as a fistula or a tract of included ectoderm and entoderm 
in pure form, having its origin and termination in its own normal embry- 
ologic location. 2. Any one of the grooves might persist with its normal 
embryologic origin on the pharjmgeal side and by continuation in the 
cervical sinus have its external opening anywhere from the tip of the 
styloid process to the sternoclavicular joint. This might explain the fact 
that the internal orifice of a branchial fistula is almost always in the 
supratonsillar fossa (and, as will be seen later, undoubtedly originates 
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in the second groove), though its external orifice varies between the 
limits described. 3. Any groove might persist in whole or in part and 
connect with another groove through the cendcal sinus. 

Epithelial Bodies Derived from the Arches.— Tonsils : The tonsils 
(third month) arise in the region of the ventral part of the second inner 
branchial groove, are therefore entodermal in origin and grow as hollow 
buds into the mesenchymal tissue. Hollowed buds join the main bud, 
lymphoid cells wander in and by the third month after birth distinct 
Ij'mph follicles with germinal centers are present. 

Thymus; From the ventral part of the third branchial groove on 
each side (in the 6 mm. embryo), an entodermal evagination appears. 



Fig. 7. A diagram to illustrate the deritatives of the branchial arches. 
Complete black indicates the first arch (Meckel’s cartilage), stipple the second 
arch, single cross hatch the third arch and double cross hatch the fourth and 
fifth arches. 

i his soon severs connection with its parent epithelium and grows caudal- 
nard as (lie thymic stalk, being ventral to tlie carotid arteries in the 16 
mm. embryo and resting on the cephalic surface of the pericardium in 
llic 29 mm. embryo, in which further differentiation of the bilobed 
thymus is carried out (fig. S). 

Thyroid Gland: In the 3-5 mm. embryo, at the point where the 
tubercnhim impar and the two paired anlagen of the tongue join, there 
occurs an evagination of jdiaryngeal entoderm. From this, the site of 
the future foramen-caecum linguae, the mass of epithelium grows caudal- 
vard along the ventral surface of the larynx, giving rise to the thyroid 
duct. The terminal portion enlarges into the two lateral lobes remaining 
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connected by the isthmus, while the p)-ramidal process is a secondary 
giowth fiom the isthmus, lateral lolies or distal thyroglossal duct. 


CLASSIFICATION 

It IS obvious at once tliat branchial cysts mav be classified from sev- 
eral points of view. 

/■D niay lie superficial or deep 

(Bailey s classification). 2. They may be auricular or auditory, parotid, 
submaxillary, sublingual, pharyngeal or tracheal. This classification as 
to anatomic position alone not only is insufficient hut fails to indicate 
the origin of the cyst, which is important. 



Fig. 8. A diagram showing tlie branchial derivatives of a rabbit embryo of 
16 mm. T d indicates tlie thyroglossal duct, P tlic parathyroids, P b the post- 
branchial bodies, Th the thyroid, C a the carotid arteries, T the thymus and 
// the aorta. (From Bailey and Miller.) 

As to Cleft Giving Origin . — This classification is of little value, for 
it is a greatly disputed point whether more than one cleft is ever respon- 
sible for these congenital anomalies. Furthermore, in the case of cysts. 
It is often difficult to know which groove was responsible for its origin. 

As to Contents. — 1. Some branchial cysts are mucous cysts. These 
are usually the deep ones, lined by entodermal epithelium. Many of the 
so-called ranular cysts belong to this group, including the hour glass cyst 
of Roser and the congenital mucous cyst in the region of the base of 
the tongue and the sides of the larymx. 2. Some branchial cysts are 
atheromatous. These, at first having the appearance of dermoid cysts, 
are found to contain grumous material, which is entirely desquamated 
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cpitlicliuni without the eleuients of further diffeientistioiij thst is, hair, 
sweat glands, etc. 3. Other branchial cysts are serous. These have 
been known as "hydrocele colli” (Mannoir), "congenital hygroma of the 
neck” (Wernher). “congenital hydrocele of the neck” and “congenital 
cystic tumor of the neck” (Thomas Smith). These tumors appear as 
simple cysts lined with pavement epithelium and contain a limpid w^atery 
or tenacious fluid holding in suspension epithelial cells and cholesterol 
crystals. 

Hcmatocysts of Branchial Clefts . — Of these there are two kinds; 
(1) those which are in communication with vessels .and which can be 
emptied by pressure, and (2) those which are truly simple serous cysts 
with an admixture of blood, probably from minute hemorrhages in the 
wall of the cyst. These have been termed “haematocele colli” by'^ 
klichaux. Senn mentioned that there might also be a true venous cyst 
in this location resulting from either a segment of vein completely con- 
stricted off at both ends or a saccular dilatation which has been con- 
stricted at its neck. Such a cyst, though in the region of the saphenous 
vein, was described by Paget in 1853. 

Type of Lining Epithclinni. — Lastly, branchial cysts may be classified 
according to the type of epithelium lining the wall and hence would 
resolve themselves into: (1) branchial cleft cysts with cydindrical epi- 
thelium, or branchial cleft mucous cysts; (2) branchial cleft cysts with 
pavement epithelium, or branchial cleft epidermoid cysts. 

It seems that the latter classification by' taking into full account their 
origin is by far the better. 

FAMILIAL AND HEREDITARY TENDENCY 

Tliough there are no reports on which to base an assertion of a 
hereditary tendency to branchial cysts, there have been several instances 
of such a tendency to fistulas. The following are reported in Virchow’s 
archives (1861): mother and eight children; mother and son in three 
instances; mother and daughter; two sisters, a brother and a maternal 
grandmother; aunts in two instances. 

In the familial instance we are reporting, a mother and three of her 
five cliildren presented fistulas, but she is aware of no similar defect in 
other members of her family. Thus far. therefore, branchial fistulas 
may be familial and hereditary, and seem to be inherited onlv from the 
mother. No instances, so far as we know, have been reported of inher- 
itance from the father. 

CLINICAL FEATURES 

This description of the clinical facts was drawn from a studv of 
ninety cases taken from the literature and eighteen additional cases taken 
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from the archives of this hospital. An outline of the main facts brought 
out in these case reports is given at the end. 

Cysts . — ^The average age of the persons in whom the ninety cases 
occurred was about 21 years; the oldest was 48 and the youngest 3 
weeks at the time the patients were seen in the clinic. If, however, the 
average duration of the development of the cyst, which is about four 
years, is subtracted from these ages, the average age at onset of the 
cyst is 17 years. This applies only to those appearing some time after 
birth. In nine patients of this series (21 per cent), the cyst was present 
at birth. Though fistulas are not infrequently bilateral, we have found 
no report of a bilateral branchial cyst. 

The patient comes to the clinic usually because of a painless swelling 
in the neck. Owing to its painless nature, the cj'st often reaches the 
size of a hen’s egg or lemon before it seriously attracts the patient s 
attention. In a small percentage of cases, however, the patient com- 
plains of pain (as in Thomson’s ^ case, no. 29 in the accompan 3 'ing 
table), particularly when the cyst swells and becomes tense. In respect 
to the swelling, many of the patients give a history of fluctuation in size. 
The cyst is often noted as becoming larger and more tense during the 
process of salivation, and indeed, as will be referred to later, Coplin - 
stated that in the case of branchial fistulas, stimulation of salivaiy secre- 
tion by citric acid or mastication usually stimulates secretion from the 
sinus even when it does not communicate with the alimentary canal. 
Though the cyst most frequently has an inconspicuous and insidious 
beginning, occasionally the patient traces it to some shock or injury, as 
in Jefferson’s ^ case (no. 9) and as in Glover’s ^ case (no. 27) of a 
patient who traced a slight swelling on the left side of the neck to an 
injury received while lifting heavy pipe in the oil fields. There was 
pain in his neck and it was stiff and sore for several days. He thought 
he had ruptured a muscle. 

Though it is more frequent for the incomplete fistulas opening intei- 
nally to give their first trouble after tonsillectomy, yet occasionally a deep 
cyst opening through a fistula internall}' will be brought to light through 
inflammation, suppuration or continued drainage after a tonsillectomy 
(Johnson,** case 3). Not infrequently does a cyst in conjunction with 
a fistula opening either externally or internally break through and drain 
copiously from time to time, obviously being of considerable anno 3 'ance. 
In one instance, the material issuing from an inner orifice was of fou 

1. Thomson. J. W. : Case of Branchial Cyst, Lancet 212:76, 1927. 

2. Coplin, W. M. L. : Branchial Cysts and Fistula, Proc. Path. Soc. Phila- 
delphia 4:109, 1900. ^ 

3. Jefferson. J. C. ; Abnormalities of Branchial Origin, Clin. J. 45:4 4, 1910. 

4. Glover, G. E.: Branchial Cyst, M. Rec. & Ann. San Antonio 16:171, 1944. 

5. Johnson, J. A.: Branchial Cysts and Fistulae, iMiniiesota i\Ied. 9:514, 1940. 
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odor. Altogether too frequently to speak well of diagnostic acumen, 
the patient relates that the swelling has been aspirated many times (from 
four to fifteen times ),« and occasionally incised and drained only to have 
it return again in every case. Such a procedure always sooner or later 
introduces infection. With the varying degrees of subsequent reaction, 
from mild inflammation to suppuration, the latter frequently with poor 
drainage, the lesion gives rise to pain and establishes a focus of pus and 
of to.xins, which debilitate the victim greatly and cause a loss in weight. 
The inflammation also renders the rvall of the cyst adherent to the sur- 
rounding structures, so that any subsequent attempt at dissection is made 
extremely difficult (Seed," case 30). Not infrequently symptoms of 
pressure on contiguous structures are manifested. For example, 
Thomson' reported a case of cyst (no. 29 in the table), which swelled 
periodically and was associated with pain in the shoulder, d3'^sphagia, 
dyspnea and a husky voice, which later advanced to complete aphonia, 
with fixation of the left vocal cord. These symptoms completely disap- 
peared after extirpation of the cyst. 

Though we are now discussing cysts, it is interesting to note Carp’s ® 
case of fistula (no. 8) in a boy of 5, who was troubled for two years by 
a dry, hacking cough, worse at night and when the fistula did not dis- 
charge. At operation, the fistulous tract was found to be adherent for 
a short distance to the vagus. The paroxysms of coughing completel}’’ 
disappeared after the operation. In Smith’s® case (no. 43) of fistula 
in a child of three weeks, respiration and deglutition were markedly 
impaired. In one of our cases (E. E.), the fistula on the left opened 
into a cyst the size of which varied from that of a filbert to that of a 
hen’s egg. and the patient would e.xperience. in association with the 
swelling, nervousness, restlessness, hoarseness and palpitation of the 
heart. During the first attempt to probe the complete fistula on 
the right, it seemed that when a certain point was reached and before the 
probe was through tlie inner orifice, coughing, uneasiness and distress 
were stimulated. On the second attempt to probe the tract, sometime 
later, when we were unsuccessful on account of partial obliteration, the 
mere introduction of the filiform caused vomitus to well up in the throat. 

1 he right side of the neck was involved in seventeen (35.5 per cent) 
and the left in twenty-one (64.5 per cent) of the cases. This propor- 
tion is al)out equally true for male and female taken separatelv. 

6. Baiicy, H.: The Clinical Aspects of Branchial Cvsts, Brit. J. Sure 10; 
565. 1922-1923. 

7 . Seed. L.: Br.anchiai Cyst. S. Clin. X. America 6:1029, 1926. 

S. C.arp, Louis: Branclnal Fistula; Its Clinical Relation to Irritation of the 
\ nyus. SurR. Gyncc. 42:772. 1926. 

9. Smuh, Thomas: Congenital Cystic Tumor, St. Bartholomew’s ITosn Ren 
2:16, 1866. 
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On examination, one finds a regular hemispherical tumor, tlie skin 
surface over which appears smooth. Tlie size may Ije from that which 
is just detectable to that which fills the whole side of the neck. It is 
often described as being the size of a filbert, a walnut, a hen’s egg or 
an orange, etc. It ma}' be large enough to protrude in the floor of the 
mouth as in the case reported by Senn (no. 40). Treves” reported 
a case in an infant (no, 44), in which the whole side of the neck and 
the thorax on that side down to the umbilicus was involved. The cyst 
may be located about the pinna and anywhere from this region to the 
junction of the sternocleidomastoid and the clavicle, and even may 
extend somewhat lower than this, so that it is partly substernal. the 
swelling pointing in the suprasternal notch. 7'hose cysts that are located 
in the neck bear a definite and constant relation to the sternocleidomas- 
toid muscle. It can be said with impunity that if they are of any 
considerable size, they e.xtend, at least in part, under this muscle and 
this is one of the most dependable clinical features of this type of cyst. 
Submaxillary cysts are, of course, excepted. Frequently the fibers of 
the muscle will be thinned out owing to long continued pressure from 
the cyst and one might get the false impression that the muscle belly 
goes through the tumor. The true relationship in many cases, however, 
may be easily brought out by merely having the patient attempt to rotate 
his head while the examiner holds the chin, so as to place the sterno- 
cleidomastoid muscle on the stretch, and at the same time palpating it. 
As the C 3 ^sts grow larger to accommodate their accumulated secretion 
and contents, they dissect their way, of course, along the planes of least 
resistance and the direction that the}' take depends considerably on the 
depth of the cyst. In regard to their depth. Bailey " has classified them 
as (1) those lying just beneath the skin; (2) those extending deeper 
and attached to the internal jugular; (3) those passing between and 
straddling the bifurcation of the common carotid, and (4) those of the 
mucous or columnar cell type lying entirely posterior to the common 
carotid next to the pharynx. The larger and more superficial ones 
may extend toward the midline and bring up the question of thyroglossal 
duct cyst, but the}' practically always are eccentric enough to preclude 
being the latter. It seems to have been the rule that the cysts taking 
origin in the neck may dissect as high as possible under the sternomastoid 
muscle and therefore behind the ear but seldom dissect over the jaw 
and anterior to the ear as may hygromas. This point was brought to 
bear in a recent questionable diagnosis at this hospital. 

10. Senn, N.: Branchial Cysts of the Neck, J. A. kl. A, 3:197 (Aug. 23) 1884. 

11. Dissection of a Congenital Hydrocele of the Neck, Virchows u. Hirschc 
Jahresbericht 1:280, 1882; quoted by Pranesk. 



HYNDMAN-LIGHT—BRAlNCmAL APPARATUS Yll 

The uncomplicated cyst is most frequently obviously fluctuant and 
rather soft, though the so-called atheromatous or dermoid types may 
be rather firm and nonfiuctuant. The latter may be lobulated, rendering 
their differentiation in diagnosis from tuberculous glands especially 
difficult. This difficulty is increased if secondary infection has taken 
place and more especially if there is an externally opening fistula through 
which the puslike or grumous material periodically escapes. If the 
latter condition is present, an examination of the fistulous orifice with 
a hand lens will be enlightening, provided the inflammatory process has 
not completely destroyed the anatomic definitive. The uncomplicated 
cyst has been described as having a multilocular feel, but this is not 
common. Although one cannot get the sensation by feeling through 
the overlying structure, yet, at operation, when feeling through only the 
thin wall of the cyst, the sensation one gets is much like that when feeling 
lung. The cyst wall is not adherent to the overlying structures, but 
feels to be so deeply, and this assumption is, in most cases, proved to 
be true at operation. Uncomplicated branchial cysts are not painful, 
except in rare cases owing to pressure, and are not tender. 

Secondary infection, of course, changes the picture completely. All 
the signs of inflammation obtain, with adherence to the surrounding 
structures, pain, tenderness, fever, leukocytosis, etc. 

Fistuln . — In the series of sixty-two cases of branchial fistulas, 53 
per cent occurred in females and 47 per cent in males. Fifty-one and 
eight tenths per cent were on the right side, 31.4 per cent were on the 
left and 1 6.8 per cent were bilateral. One interesting case reported in 
Virchow's archives (1861) presented multiple small openings on the 
right at the junction of the sternocleidomastoid muscle with the clavicle. 
This is the only case of multiple unilateral fistulas that we were able 
to find record of. It may be noted that the right and left incidence 
here is the reverse of that for cysts. 

In the case of fistula, the feature that brings the patient to the 
hospital is practically always drainage, which may be periodic. It may 
consist of clear, tenacious mucus (said not to be of the chemical char- 
acter of saliva) or thin, milk)" and puslike. 

1 rue fistulas practically always exist from birth and may be of 
sucii capillary dimensions as often to escape notice. Obviously, the 
tncomjtletc fi.stulas that open otily internally may never come to attention 
tinle.ss they are large enough to fill with food or unless they become 
mfccted and drain habitually, a condition which, as mentioned, is not 
infretiuently initiated by tonsillectomy. A fistula opening- into the 
trachea may give rise to air .sacs and present the features of what has 
been termed “.aerial goiter." “aeri.al bronchocele." “tr.acheocele” and 
hernia of the iracliea" (Coplin ; == Eldridge ’=). Eldridge described such 


12. F.Idridee, S.: Am. J. M. Sc. 78:70. 1879. 
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a condition in a patient 26 years of age — an air cyst on each side of 
the lower part of the pharynx and the upper part of the trachea, which 
grew larger on expiration and increased the circumference of the neck 
from 40.5 to 49 cm. The external orifice may he situated about the 
pinna, or in the neck always just anterior to the sternomastoid muscle. 

Often there is a small areola of brownish discoloration about the 
external orifice and occasionally a small bit of tissue, which is invariably 
found to contain a piece of cartilage. These are known as “super- 
numerary” or “cervical auricles.” 

By picking up the skin about the orifice, one can feel the cordlike 
tract extending into the neck. By traction, it prevents the orifice from 
being lifted as high as the surrounding skin. 

Mention has been made of such symptoms and signs as pallor, 
uneasiness, palpitation of the heart, coughing and vomiting on probing 
the fistula, which can be adequately accounted for bj- the pro.ximity 
of a portion of the tract to the vagus. 

Among unusual cases that have been reported, the following are 
of passing interest : 

Lesser reported a patient in 1840 (Virchow’s archives), who traveled 
with a show and made his livelihood by passing a curved knitting needle 
into the pharyngeal orifice of a fistula and extracting it from the external 
orifice. 

Ascherson presented a patient who, though having originally only 
one external orifice, later developed three, the fistula closing and opening 
in a new place each time. 

Von Berg showed a patient in whom the external opening was in 
the incisura thyroidea and communicated with the middle ear. When 
the external orifice closed, material would discharge from the ear, while 
injections made in the external opening gave rise to pain in the 
middle ear. 

Branchial cleft fistulas have also been described as occurring in 
cats and dogs.^® 

' DIAGNOSIS 

In arriving at a diagnosis of branchial cleft cyst, one should have 
in mind that it is usually a uniform, painless, fluctuant, semifixed, non- 
translucent tumor with a characteristic relationship to the sternocleido- 
mastoid muscle and without tenderness. The differential diagnosis 
involves the following; 

Adenitis . — Nontuberculous adenitis usually involves more than one 
gland and not infrequentl}^ both sides, and tenderness is the rule. The 
offending focus may be found in the tonsils or the teeth. Tuberculous 

13. Heusinger: Halsfiemenfisfeln des Menschen und Thiere, Deutsche Ztschr. 
f. Thicrmed. 2:1, 1876. 



42V 


HYND2lAN-UC,HT-BRANaUAL APPARATUS 

adenitis is the most difilicult to rule out. Of coiir.sc, no efiort should be 
spared on behalf of the patient to rule this out, for the .stij^ina of 
tuberculosis in a young persoit is of considerable gravity, i he fact 
that aspirated material may resenihle tuberculous pus closely and he 
fi'ee from p\‘ogenic organism.s tends only to confirm the physician s 
original diagnosis of tuberculosis, unle.ss he is aware of the ])ossi!)ilily 
of its being a branchial cyst. The likelihood of the lesion’s becoming 
infected and draining for an indefinite period also supports his delusion. 

Though the atheromatous branchial c\’St filled with grumous cheese- 
like material is glandular and firm and, if secondarily infected, is 
adherent to the surrounding structures and tender, yet in tuberculous 
adenitis it is more frequent to find other swollen glands or a group of 
matted glands. It is of some diagnostic im])ortancc that branchial cysts 
seem more common in the white race and tuberculous adenitis more 
common in the colored race. A cyst associated with an external fistula 
might be deceiving, hut, as mentioned, a careful examination of the 
orifice of the fistula can he cnlightcni\ig. 

Cystic Hygroma. — ^Translucency is the most important dilTcrcntial 
feature and can be said itself to be diagnostic. 

Thyroglossal Duct Cyst. — Such cuts are ])ractically always in the 
midline and are so attached to the thyroid gland or trachea that they 
move forcibly during deglutition. Micro.scopically, it is frequently 
impossible to make the distinction. 

Venous Hemangiomas. —These, growths decrease in size on pressure, 
though one must be sure the contents of the tumor have not merely 
been squeezed into another compartment of the same. 

Retropharyngeal Abscesses . — Such abscesses are painful and may 
exhibit swelling and tenderness on only a cursory examination of the 
pharynx. 

Lipomas . — Lipomas, as well as other solid tumors, do not yield fluid 
material on aspiration. 

For diagnosis, the demonstration of cholesterol crystals in the 
aspirated material of the cyst is helpful, though dermoid cysts produce 
this substance also. 

Fistulas are sometimes injected with colored substances, such as 
methylene-blue (methylthionine chloride, U. S. P.), which, if the fistulas 
■ are complete, will issue from the internal orifice into the mouth. Bismuth 
paste has been injected and x-ray photographs obtained (cases 28 
and 31). They have also been probed with small flexible filiforms, 
bristles of hair, etc. In one of our cases (fig. 9), we were able com- 
pletely to pass an x-ray ureteral catheter and obtained roentgenograms, 
which were studied for the direction and curvature and relation of the 
tract to the hyoid bone. 
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PATHOLOGY 

In removing a branchial cyst, one often finds it attached at one pole 
to a fistulous tract, which most usually extends toward the tonsillar 
fossa. This tract often diminishes down to such fine caliber that it 
cannot he completely dissected. The wall of the cyst is usually smooth, 
though it may vary in thickness from that of tissue paper to 0.25 cm. It 
has been mentioned that one of these had the feel of lung, which was 
accounted for probably by numerous interlacing, lough, fibrous strands 
seen on the inner aspect of the wall, which were at first suspected of 
being hair. 

Grossly, the content of the C 3 ’st is usuallj' a thick, transparent, 
mucoid, sticky substance in those lined h\' columnar epithelium, while it 



Fig. 9. — An x-ray picture of a patient with a ureteral catheter in a fistula. The 
markers designate the external orifice and the internal orifice in the tonsillar fossa. 

is opaque, watery and milky or cheeselike and of all the consistencies 
between the two in those lined by squamous epithelium. The fluid 
content often can pass through a hypodermic needle, and though it may 
bear a striking resemblance to tuberculous pus, if some of it is placed 
in water, the shimmering lipoid substance will be evident floating on 
the surface. 

The cellular content has been found (Coplin-) to be as follows. 
(1) large cells resembling squamous epithelial cells, 93.7 per cent; (2) 
pol 3 'morphonuclear leukocytes, 1.8 per cent; (3) erythrocytes, 0.5 per 
cent, and (4) mononuclear leukoc 3 'tes and unidentified cells, 4 per cent. 

Gurlt, quoted by Senn,^® mentioned a great similarity between the 
contents of these cysts and the contents of ovarian C 3 'sts. He mentioned 
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the careful chemical examination made by Hoppe, which was as follows : 
1.3953 Gm. of atheromatous material contained 0.2225 alcoholic 
extractive matter, 0.1235 ethereal extractive niattei, 0.2005 aqueous 
extractive matter and 0.8555 in.soluble matter. In these substances, he 
found leucine, tyrosine, cholesterol, myelin, ])almitin and stearin. 

Histologically, the walls of the cyst ])resent many interesting 
features. The most usual observation is a well organized, stratified, 
squamous epithelium resting on a relatively thick l)and of lymplioid 



Fig 10 — A photomicrograph of the wall of a branchial cyst to illustrate a 
stratified epithelium resting on a connective tissue base without the interposition 
of a band of lymphoid tissue. (Case 51, S. R.) 

tissue, while beyond this is connective tissue, which may contain varying 
amounts of smooth and striated muscle (most likely extracapsular), 
and which is usually infiltrated to some extent with the elements of 
chronic inflammation — round cells, mononuclears and an occasional 
eosinophil leukocyte. The zone of lymphoid tissue may be entirely 
absent, the epithelium resting immediately on connective tissue (fig. 10). 
Again, it may be scant or abundant and with distinct and well formed 
lymph follicles (fig. 11). The epithelial layer, though in most cases 
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composed of stratified squamous cells, is now and then columnar with 
or without cilia (fig. 12). 

One of our sections exhibited both the stratified and the columnar 
epithelium, while one showed well formed mucous glands just beneath 
the squamous epithelium. The differentiation from dermoids and other 
anomalies of earlier ontogenetic origin and their close simulation of the 
commoner epidermoids laclcing hair, sweat glands,, etc., has been 
mentioned. 



Fig. 11. — A photomicrograph of the wall of a branchial cyst to illustrate a 
stratified epithelium on a dense lymphoid tissue base. (Case 45, L. P.) 

The stratified squamous epithelial layer appears like that of normal 
skin. There are, however, no papillae, except rudimentary ones, and the 
various layers are not discernible. The stratum germinativum or rete 
malpighii may be evident forming a row of cells with their oblong nuclei 
set perpendicular to the base, often containing considerable pigment and 
showing, as well as do many of their offspring, definite prickle cell 
characters. The nuclei are large, well defined and reticulated and 
contain one or more chromatin masses. They take the hematoxylin 
stain well and often maintain these characters well out to the stratum 
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corneum, where they suddenly coniify and are sloughed away. J he 
cytoplasm stains darkly, appears finely granvdar and in places, owing 
to the prickled borders, is easily outlined. In some cases, the cells soon 
lose their original characteristics and become vacuolated long before 
reaching the stiatum corneum. Though it has been mentioned (CopHir') 
that the lymphatic layer is not especially vascular, we find the contrary 
to be true in our sections, many of them showing numerous vessels. It 
is true, however, that most of these also exhibit the elements of chronic 
inflammation. 



Fig. 12 A photomicrograph of the wall of a cj'st to illustrate the ciliated 
columnar epithelium on a rather dense lymphoid tissue base. (Case 48, N. H.) 

There are certain anatomic and histologic features of branchial 
C3'sts and fistulas that make their origin solely from branchial clefts 
more convincing than an origin from thymic stalk, as maintained by 
Wenglowski.^^ The latter believed that cysts and fistulous tracts lined 
with stratified squamous epithelium are ectodermal and must 
undoubtedly be of cervical sinus (Halssinus) origin, while the anomalies 

^ Halsfisteln und cysten, Arch. f. klin Chir. 
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and portions of tlie anomaly tlrat are entodermal are of thymic stalk 
origin. He felt that the dense lymphoid tissue with sometimes definite 
lymphoid follicles and occasionally what appear to he Hassal bodies 
in the walls of cysts and fistulas is strong evidence of thymic origin. It 



Fig. 13. — A photograph (natural size) of an atlieromatoiis brancln’al c\st 
removed from the riglit submaxillary region of V. H. (fig. 14). The cyst has 
been ruptured exposing the grumous contents of desQuamated epithelial cells and 
cholesterol crystals. The wall was lined with stratified squamous epithelium. 



Fig. 14. — Patient V. H. with an atheromatous branchial cyst in the submaxillarj 
region of the right side. A photograph of the gross specimen is shown in figure 13 

seems, however, that, in view of the fact that cysts lined wholl}' by 
prickle cell stratified epithelium, and therefore of undoubted ectodermal 
origin, are commonly found exhibiting the dense band of lymphoid 
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tissue, the latter cannot be used to ijcar witness of thymic origin. For 
the thymic anlage cannot liave had to do with siicii a cyst. Further, the 
cysts located as high as the region of the tip of the mastoid present tlie 
same histologic characteiistics, and there is certainly no reasonable 
proximity of such a structure to the region of tlic assumed remains of 
the thymic stalk. 



u 'a' ^ mdicates the brain cavity, E the eye, lAl the superior division of 

branchial arch, !A2 the inferior division of the first branchial arcli, 
e second branchial arch, IVP C the fourth pharyngeal cleft, P the pharyn- 
geal canal and N the neural canal 


Pig. 16 lAl indicates the superior division of the first branchial arch ■ JA2 
th^rL^l'T f branchial arch; II A. the second arch; T, the 

third arch -Tr/r ‘r ^J^'roglossal duct has disappeared at this state) ; 111 A, the 
» C, the fourth ckft and P, the pharyngeal canal. 
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Wenglowski brought out that some of the external fistulas point 
downward instead of upward. One would expect this occasionally to 
be true, but so far as we were able to ascertain, no such fistula extended 
far enough to be convincing in this regard. In patient E. E. (case 
58), the filiform, when passed into the left orifice, turned downward 



Figure 17 



Figure 18 


Fig. 17 . — II A indicates the second arch; T, the thyroid anlage; III A, the third 
arch ; IIIPC, the third pharyngeal cleft; IV A, the fourth arch and IV C, the fourth 
cleft. The second arch is seen here to be growing downward to meet the body 
wall and inclosing the third and fourth arches forming what is known as the 
cervical sinus (Halssinus). 

Fig. IS,.— II A indicates the second arch ; IIIPC, the third pharyngeal cleft, now 
joining the pharyngeal canal; III A, the third arch and IV A, the fourth arch and 
cer\’ical sinus shown on the right. 
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about one-half inch (1.27 cm.), but then turned up suddenly and joined 
a definite cyst. Also, if the remains of a thymic stalk played a role, 
cystic structures should occur anywhere from the final resting place 
of the thymus to the region of its origin. Langebeck, quoted by Senn, 



Figure 19 Figure 20 


indicates Rathke’s pouch; IIPC, the second pharyngeal deft and 
at, the second deft. 

Fig. 20. RP indicates Rathke's pouch; P, the pharyngeal canal; IIPC, the 
second pharyngeal cleft; II A, the second arch and IIC, the second cleft. 

Stated that branchial cysts are frequently attached to the greater horn of 
tte hyoid bone or to the thyrohyoid ligaments, localities that plainly 
indicate that they originated from remnants of . former branchial clefts. 
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So far as fistulas are concerned, the third groove, being einbryologic 
like the second, would seem to have the same chances of persisting, 
though so far as the external and complete fistulas are concerned, their 
tracts are practically always reported as coursing between the external 
and internal carotid arteries and having exit in the supratonsillar fossa 
and therefore must he of second groove origin. We are in poor position 




Fig. 21 . — RP indicates Rathke’s pouch; IPC, the first pharyngeal cleft on its 
way to meet the first outer cleft shown later, which forms the eustachean tu e, 
TM, the tongue mass; IIPC, the second pharyngeal cleft. 

Fig. 22.— RP indicates Rathke’s pouch; IPC, the first pharyngeal cleft; TM, 
the tongue mass and IIPC, the second pharyngeal cleft. The external first c e ts 
are shown on both sides here, which will be met soon by the pharyngeal or interna 
first clefts. The first external clefts form the external auditory meatus. 



fo the patient t • ^^'scovered if ^'^‘''isopahle tn <. ^ 



' '4. « 5 “ — - 

3nd OF fu '"d'cates th c ^ forms tl ^ first to . 

■ ■"' -lo “-• X ," VT"" 

~^=^SSS.F'^s. 
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So far as the bianchial grooves ever being normally patent is 
concerned, we find no indication of it in the serial sections of a 7.5 
mm. human embryo (figs. 15 to 25). Owing to the manner in which 
serial sections are cut, one might get the impression of a patenci from 
the pharynx to the outside but on following the true pharyngeal side 



Fig 25 — OF indicates the otic vesicle 


of the groove this is seen not to be the case (i e., the manner in which 
the fourth external cleft is cut on the left in figures 15 and 16 and on 
the right in figures 16 and 17 might be deceiving in this regard). 

It seems far fetched to assume a tear of the groove membrane in 
early embryonic life as the cause of fistulas In assuming this, one is 
practically limited to trauma, and it is hard to believe that in so small 
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an embryo, so well protected, trauma could be of just the extent to 
establish a fistulous communication i)etween the pharynx and the outside. 
Even if such an accident occurred, there would be no logical reason 
for its persistence. Again, it cannot be supposed that cysts, the origin 
of which must be the same as that of fistulas, are established by tears 
of the groove membrane in a neck that has never presented the stigmas 
of external or interrral fistulas. 

There has been little contributed on the subject of the origin or 
existence of aural fistulas. The anomaly has usually been lightly jjassed 
over with the assumption that it originates in the first branchial groove. 



Fig. 26. — ^Patient E. E. (case 58), with bilateral cervical fistulas and an aural 
fistula on the left. A urethral filiform is shown entering the external orifice and 
coming through the mouth having made its exit in the supratonsillar fossa. 

It is difficult, however, to attribute it to such an origin when, as is 
known, the first groove normally jrersists in the formation of the external 
auditory meatus and the groove membrane in the formation of the , 
tympanic membrane. It has been also suggested that fistulas, as well 
as cysts, in this region are the result of epithelial inclusions or of 
anomalous development of the several tubercles that go to form the 
pinna. The fistula was blind in all of our familial cases, was only an 
eighth to a quarter of an inch (from 0.3 cm. to 0.6 cm.) in depth and 
had never been the site of a discharge. 
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Histologically, these anomalies present none of the structures of 
advanced differentiation such as hair follicles or sudoriferous glands, 
though in one of our sections well formed mucous glands were contained 
in the cyst wall just beneath the lining epithelium. The explanation of 
this difference from teratomas and dermoids rests on the fact that the 
inclusions are made after the three germinal tissues have well differen- 
tiated. Branchial cysts are indeed, therefore, not greatly different from 
any of the commoner epidermoid C3’sts, i.e., the epidermoid cysts about 
the face and i^alms of the hands resulting from epithelial inclusions or 
bits of epithelium buried by trauma and subsecjuenth’- continuing their 
active growth and desquamation. In the latter there is often, too, a 
marked Ijunphoid infiltration in the cj'st wall, but so far as we know, no 
well defined lymphoid follicles. 



Fig. 27. — Patient E. E., showing symmetry of the cervical fistulas. 


' TREATMENT 

The treatment of branchial cleft cysts and fistulas may be dismissed 
with one consideration — complete excision of the epithelial wall. This 
may be simple for superficial cysts, but technically extremely difficult 
for deep cysts and fistulas. We feel that it is not advisable to inject the 
cyst with methylene blue at operation owing to the marked disadvantage 
of having the operative field stained with the dye should the cyst 
rupture. If the operator is anxious to determine a possible communi- 
cation with an internall)^ opening fistula, the disadvantage might be 
obviated by washing the dj'e out of the cyst, thereby leaving only its 
wall stained. The relation of branchial anomalies to the vital structures 
of the neck makes their dissection a tedious one, and it should be 
attempted only by those who are acquainted with the anatomic minutiae 





I'lg 29 — Patient C E, showing a cervical fistula and a probe in the aural 
fistula on the right. 



Fig. 30 — Patient W E , showing bilateral cervical fistulas and probes in 
bilateral aural fistulas. 
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made from alternate sections. Tliis stage of embr_vonic life is about the 
optimum for the illustration of the branchial apparatus. The sections 
were cut in such a way that the two halves are not syinmetrka.). Also, 
it should be remembered that due to the marked flexion of the embryo 
ventrally, sections taken from ventrum to dorsum will progress caudal- 
ward in the head region and cephalicward in the tail region. The sections 
shown in figures 15 to 25 progress vcntrodorsally. 

REPORT OF CASES 

The following group of cases, which occurred in a mother, two daughters and 
a son, present familial branchial cleft fistulas : 

Case 1.— E. E., a colored woman, aged 2S, entered the hospital with a com- 
plaint of frequent sore throat for two or three years past, a lump in the left side of 
the neck of four years’ duration and a discharging sinus on each side of the neck. 
The family history and the social history were essentially without bearing. She had 



■ Fig. 31. — Patient B. E., showing a cervical fistula and a probe in the aural 
fistula on the right. 


five children, living and well, and had had no miscarriages. She said that she 
had never had any signs or symptoms of venereal infection. She had noticed 
the sinuses in the neck from birth, and from time to time (about three or four 
times a year) had observed that thej' seemed to swell slightly just at the point 
of exit and that in a short time they broke down discharging a few drops of 
whitish, translucent material. She felt that the one on the right opened into the 
throat, for occasionally a foul tasting substance seemed to be ejected on the right 
side of the mouth. For the past four years, she bad noticed a swelling in the 
left side of the neck, which varied from the size of a filbert to that of a hen’s egg. 
The fluctuation in the size of this swelling had no relation to mastication. When 
the mass swelled to its maximal size, she e.xperienced nervousness and palpitation 
of the heart. There seemed to be also some difficulty in talking; that is, her voice 
seemed hoarse. In addition to these symptoms, she experienced pain in the region 
of the left shoulder, which she herself attributed to the lump in the neck because it 
was present only when this lump was swollen to its maximal size. 
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On examination, tlie external fistulas were seen, as shown in the photograph. 
Aside from a marked hypertrophy of the tonsils and some hypertension, the results 
of the physical examination were essentially negative. The tonsils were so large 
that the internal orifices of the fistulas could not be seen until .after the probe 
was passed. A urethral filiform catheter was passed with little difficulty through 
the right fistula; it emerged in the supratonsillar fossa. The filiform entered the 
fistula on the left and pointed down about one-half inch (1.27 cm.), then turned 
abruptly up and entered apparently into a somewhat firm lump on the left side 
of the neck. The internal orifice was not found on this side. The filiform on the 
right was followed by an x-ray catheter, after the passage of which stereo x-ray 
pictures were obtained. After the catheter had been introduced one half to two 
thirds of the way in the fistula on the right side, uneasiness and coughing were 
induced. Feeling that the stiff catheter would distort the fistulous tract to some 
extent, we later decided to inject iodized poppy' seed oil 40 per cent. But after 
two weeks the fistula had become obliterated to such an extent that it was impos- 
sible to inject the iodized oil. This patient also had a fistula, just anterior to the 
left ear, which was about one fourth of an inch deep (0.63 cm.). There was no 
discharge from the fistula. In fact, it had never been brought to the patient’s 
attention. 

Case. 2. — C. E., a colored boy, aged 3, had a fistula on the right side of the 
neck and a right aural fistula, as shown in figure 29. Otherwise he was normal. 
The cervical fistula, on pressure, emitted a drop of clear, mucoid, tenacious fluid. 
The discharge from this fistula to the time of writing had been slight. 

Case 3. — ^\V. E., a colored boy, aged 4 years, 8 months, had bilateral cervical 
fistulas and bilateral aural fistulas, as shown in figure 30. The results of the 
physical examination were otherwise negative. One of the cervical fistulas, to 
the time of writing, had discharged several times without pain or swelling. 

Case 4. — B. E., a colored girl, aged 6 weeks, had cervical fistula and aural 
fistula on the right (fig. 31). She presented no other abnormalities. On pressure, 
a small amount of clear, mucoid fluid could be expressed. 

The two remaining children did not present branchial anomalies. 


CONCLUSIONS 

1. Branchial cleft anomalies (cysts and fistulas) result from a 
failure of absorption of the included ectodermal and entodermal 
epithelium that is buried during the growth and fusion of the branchial 
arches in early embryonic life. This is most probably the sole explana- 
tion, the thymic stalk playing no role. 

2. Branchial cysts, in truth, are epidermoid cysts of the neck whose 
parent epithelium was buried during the development of the branchial 
apparatus. Their characters are more varied, of course, than those of 
the commoner epidermoid or inclusion cysts owing to the activity of 
entodermal or ectodermal epithelium or both. Many of the submaxillary 
cysts and so-called ranulae are of branchial origin. 

3. Branchial fistulas may be familial and hereditary', and they seem 
to be inherited through the mother onl)'. 
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4. More attention should be given to the possibility that a tumor 
in the neck is of branchial origin, especially in view of their frequent 
simulation of tuberculous glands and their occurrence in early youth. 
This is enjoined even more by the fact that results from treatment are 
in proportion to the completeness with which the epithelial wall is 
excised. 

5. An adequate and simple classification of the cysts would be (a) 
branchial cleft epidermoid cysts and (/>) branchial cleft mucous cysts. 
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ROCHESTDR, MINX. 

Accurate data concerning the extent and the routes of drainage from 
the abdominal cavity of patients with gastro-intestinal lesions are of 
extreme importance. Pulmonary involvement, so commonly associated 
with abdominal operations, is a sequela which may be explained b}'' the 
lymphatic continuity of the two regions. Many experiments have been 
made in an effort to determine the site and rate of absorption from the 
peritoneal cavity and the routes through which such materials are 
removed. Cunningham ^ completely reviewed the literature which con- 
cerns these various phases of the problem. 

In the hitherto published accounts of experimental studies on the 
method of lymphatic drainage following peritoneal absorption, more 
careful attention has been given to the cytologic problems than to 
the lymphatic paths which are involved ; also to the manner in wdiich 
the foreign particles within the peritoneal cavity get into the lymph 
stream, whether free and independent or in phagocytic cells, than 
to the distribution of the lymph channels throughout the diaphragm, 
mediastinum and pulmonary regions. In the process of absorption from 
the peritoneal cavity, the lymphatic tracts of the diaphragm are most 
extensively involved. From this muscular partition the lymph may flow 
either through the anterior mediastinum and its associated lymph nodes 
or, to a lesser degree, into the thoracic duct and thence to the venous 
circulation at the jugular subclavian confluence. 

Our interest in the problem of peritoneal absorption grew out of 
a desire for more accurate knowledge concerning the lymphatic S3'Stem 
of the diaphragm and its relation to the lymphatics of the lungs in the 
leading experimental animal, the dog. Excellent descriptions, adequately 
illustrated, of the lymphatic distribution in this region in man are 
available in standard textbooks on anatomy, but adequate descriptions of 
the system in this region in the dog are not available. Sisson - con- 

* Submitted for publication, Oct. 4, 1928. 

1. Cunningham, R. S.; The Physiology of the Serous ^lembranes, Phvsiol 
Rev. 6:242, 1926. 

2. Sisson, Septimus ; The Anatomy of the Domestic Animals, ed. 2, Phila- 
delphia, W. B. Saunders Company, 1914, p. 930. 
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tributed little if any data on the lymphatics of the diapliragm and their 
relations to the lung. Since the dog is being used more and more as 
an experimental animal, it is increasingly important to obtain such 
data. Furthermore, the exact relationship of the lymphatic system to 
the vascular system is inadequate!}' understood. The fact that normal 
lymph so often contains large numbers of erythrocytes leads one to 
question the generally accepted statements that the lymphatic system 
is a closed one. Accordingly, it may be worth while to seek further 
detail bearing on this most important but little understood lymphatic 
organization. 

Many excellent reports of experimental studies on the absorption of 
particulate matter from the peritoneal cavity, with special reference to 
the reactions of free phagocytic cells, are available. The mode of 
transfer of such particulate matter into the diaphragmatic lymphatics, 
whether through definite stomata as originally' advanced by von Reckling- 
hausen,® or directly through the cell bodies, are among the questions 
discussed. MacCallum ' denied the existence of stomata and attributed 
absorption to the activity of free phagocytic cells. The pumping action 
of the respiratory movements facilitated the passage of these phago- 
cytic cells into the lymph stream, although in the absence of such 
macrophages the mechanical factors involved literally forced free par- 
ticles through the wall of the lymph channel. 

Various injecting mediums have been used in the earlier studies of 
peritoneal absorption. Buxton and Torrey ° recovered nucleated blood 
cells from the mediastinal lymph nodes fifteen minutes after their intra- 
peritoneal injection into a guinea-pig. Bolton ® employed lampblack, 
bacteria and nucleated blood cells in his study of absorption, and con- 
cluded that the drainage is a purely mechanical process, the force being 
supplied by respiratory movements, and that the particles pass between 
the epithelial cells of the diaphragm. Bolton briefly commented on the 
position of the lymph channels which drain the diaphragm. Cunning- 
ham ” injected into the peritoneal cavity of cats a solution consisting 
of washed nucleated blood cells, unfiltered carbon particles and lamp- 

3. V on Recklinghausen, F. T. : Zur Fettresorption, Virchows Arch. f. path. 
Anat. 26:172, 1863. 

4. MacCallum, W. G. : On the Relation of the Lymphatics to the Peritoneal 
Cavity in the Diaphragm and the Mechanism of Absorption of Granular Materials 
from the Peritoneum, Anat. Anz. Centralbl. 23:157, 1903. 

5. Buxton, B. H., and Torrey, J. C. : Absorption from the Peritoneal Cavity, 
J. M. Research 15:5, 1906. 

6. Bolton, Charles : Absorption from the Peritoneal Cavity, J. Path. & 
Bact. 24:429, 1921. 

7. Cunningham, R. S. : Studies in Absorption from Serous Cavities ; IV. On 
the Passage of Blood Cells and Granules of Different Sizes Through the Walls of 
the Lymphatics of the Diaphragm, Am. J. Phys. 62:248. 1922. 
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black granules in isotonic sodium chloride solution. In three minutes all 
three types of material had reached the anterior mediastinal lymph nodes, 
but were all free in the sinuses. The foreign particles had not been 
phagocytosed in their transfer to the lymph stream, but moved freely 
into the surface cells of the diaphragm. In Cunningham’s study on the 
absorption from the peritoneal cavity in the fetus, respiratory move- 
ments seem intimately correlated with the extent of absorption. Such 
movements of the diaphragm literally force the particles into the cells 
where they are carried through the endothelium into the lymph duct. 

Cunningham,^ in a complete review of the physiology of serous 
membranes, concluded that at least a large proportion of the particulate 
matter passes through, and not between, the cells in the course of its 
absorption into the diaphragmatic lymphatics from the peritoneal cavity. 
He further concluded that one significant factor in the absorption of 
particulate matter through the mesothelial cells is by means of the 
pressure of the diaphragm on the intra-abdominal viscera. Florey,® in 
studies on the rabbit, concluded that foreign particles pass from the 
peritoneal cavity between the mesothelial cells of the diaphragm into the 
lymphatic trunks and not directly through the cytoplasm of these cells. 
Florey supported the original thesis of MacCallum (1903), but did not 
substantiate the observations of Cunningham (1922). Poynter ® has 
conducted extensive experiments on the absorption of true solutions, col- 
loids, bacteria and particulate matter from the peritoneal cavity, and con- 
cluded that lymphatic channels, except those related to the diaphragm, 
play but an insignificant part in the absorptive process. The venules of 
the omentum are shown by Po3mter to be the more important avenue, 
because various colloidal particles have been recovered from the portal 
blood and the liver. The mesenteric lymphatics, the receptaculum chyli 
and the thoracic duct were never found to participate in the drainage 
from the peritoneal cavity. More recently Brown, in an experimental 
investigation to determine the value of lymphaticostomy, con- 
cluded that in rabbits the main path of absorption from the peri- 
toneal cavity is by the thoracic duct, but in dogs and cats this 
route plays only a subsidiary part. He concluded that lymphati- 
costomy cannot be recommended in cases of acute peritonitis. 
Although we have observed the mode of absorption and the nature of 
the particulate matter in the lymph stream in a number of instances, 

8. Florey, Howard ; Reactions of, and Absorption by Lymphatics, with Special 
Reference to Those of Diaphragm, Brit. J. Exper. Path. 8:479, 1927. 

9. Poynter, C. W. M. : Peritoneal Absorption, Proc. Staff Meetings, Mayo 
Chnic, 2:263, 1927. 

10. Brown, K. P. : Peritoneal Lymphatic Absorption: An E.xperimental 
Determine the Value of Lymphaticostomy, Brit. J. Surg. 15:538, 
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we shall not report them here, since this paper is restricted entirely to 
a consideration of the lymphatic channels which are involved in the 
drainage of particulate matter from the peritoneal cavity in the dog. 

METHODS OF STUDY 

Various types of particulate matter have been used from time to 
time in the study of peritoneal absorjjtion. Florey used hemoglobin, 
India ink, and suspensions of carmine and cream, but his best results 
were obtained by using finel}' particulate graphite, first described by 
Drinker and Churchill, “ and known as “Hydrokollag 300.” Higgins 
and Murph}' modified somewhat the method of making the sus- 
pension described by Drinker, and greatly reduced the interval required 
to perfect the final product. When made correctly and thoroughly 
centrifuged the final preparation is a homogenous mass of particles 
many times smaller than erythrocytes. The preparation maj' be injected 
directly into the blood stream of mammals without causing an)' reaction, 
and thus it provides an admirable means for the study of the reticulo- 
endothelial system. We have used the graphite preparation repeatedly 
for studies on the von Kupffer cells of the liver, the reticular cells of the 
spleen and the phagocytic cells of serous cavities, and have found it an 
entirely satisfactory injection mass. 

OBSERVATIONS 

If a given quantity of the final graphite preparation, the amount 
varying with the size of the animal, is introduced into the peritoneal 
cavity of a dog, the lymphatics of the diaphragm are soon visible with 
the injection particles. In periods ranging from ten minutes to an 
hour and a half the lymphatic channels on the pleural surface of the 
diaphragm are completely delineated (fig. I). Muscular activity 
appeared to hasten the absorptive process for, in animals exercised 
during the interval following the intraperitoneal injection, the lymphatics 
were more readily and more completely filled. Massage of the wall 
of the abdomen and chest further facilitated absorption, and since the 
process seemed greatly retarded in animals suffering with distemper 
or other pulmonary disability, respiration played a significant part in 
the removal of such particulate matter from the peritoneal cavity. 

One hour after the peritoneal injection of from 40 to 50 cc. of the 
graphite preparation, the lymphatic channels on the pleural surface of 
the diaphragm were well distended and their distribution could be 

11. Drinker. C. K., and Churchill, E. D. : A Graphite Suspension for Intravital 
Injection of Capillaries, Proc. Roy. Soc. London 101:462. 1927. 

12. Higgins, G. M., and Murphj-, G. T. ; The v. Kupffer Cell in Common 
Laboratory Animals, Anat. Rec. 40 ; 15, 1928. 
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readily traced. Althoiigli some variation in the extent and distribution 
of the lymphatic pattern maintained in different animals, yet in the 
twenty-five dogs which comprised our series, the more characteristic 
picture is that shown in figure 1. It must be recalled that the lymphatics 
here illustrated are those functionally active in such normal absorptive 
processes, delineated only by the graphite and not by the injection 
method hitherto commonly employed. 



Fig 1. — The pleural surface of the diaphragm in a dog after the intraperitoneal 
injection of the graphite preparations. The lymphatic channels of the diaphragm 
are distended. 


Figure 1 shows that the distribution of the lymphatic channels is 
much greater on the right hemidiaphragm than on the left. The reason 
for this is not clear, although the proximity of the large right hepatic 
lobe, providing greater contact surface during respiration, may be a 
factor. Prolonged massage of the left side of the chest and abdominal 
wall, however, failed to reveal more lymphatic channels on the left 
hemidiaphragm than could be seen during the normal process of absorp- 
tion. The main collecting trunks of the diaphragm lie below the pleura, 
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on the muscle bundles, and pursue in general a diagonal course from 
the crura to the para sternalis. These larger channels, restricted for 
the most part to the medial portion of the muscular area, form a rather 
prominent plexus as they continue toward the sternum, and the smaller 
lymphatic vessels which arise along the costal attachment pursue more 
or less parallel courses and empt}' into the major plexus. The central 
tendon is relatively devoid of l^miphatic channels. Smaller capillaries, 
however, are frequently discerned along the margins of the tendons, 
whence they empty into the larger vessels of the muscular portions and 
occasionally small channels drain across the central tendon from one 
muscular portion to another, particularly if the flow is toward the 
thoracic duct. 

There are five drainage routes by means of which the absorbed 
material is removed from the diaphragm. The first of these is the 
sternal route, by far the more effective, which receives the drainage 
from the pars sternalis, pars costalis and to a certain extent from the 
pars lumbalis. From the standpoint of size and distribution the four 
remaining routes are apparently of equal significance in lymphatic 
drainage. The first of these, and perhaps physiologically and patho- 
logically the most significant, comprise a variable group of small 
lymphatic capillaries which arise, partly in the pars sternalis, just ventral 
to the central tendon and partly from the muscular portion dorsal to the 
tendon. This group of small lymphatics, generally more conspicuous 
on the left side, leaves the diaphragm, courses forward along the peri- 
cardium, often parallel to the esophagus and the vagus, to the bronchial 
lymph nodes which lie dorsal to the base of the lung (fig. 2). Further 
drainage from this portion of the diaphragm is effected by a small 
lymphatic channel which usually arises in a small node and courses 
forward along the phrenic artery and nerve to a lymph node in the 
anterior mediastinum (fig. 2). The third route, effecting the anterior 
drainage of the lymph from the diaphragm is by way of the thoracic 
duct. The dorsal portion of the pars costalis and a portion of the 
pars lumbalis are drained by a varying number of small lymph channels 
which empty directly into the thoracic duct. The relative quantity of 
lymph which pours into the thoracic duct from the diaphragm is exceed- 
ingly small ; in numerous experiments following the intrathoracic 
cannulation of the thoracic duct in animals which had received the 
peritoneal injections of gi'aphite, free particles were rarely encountered 
in the thoracic lymph. In a single case, rapid appearance of the graphite 
in the thoracic duct suggested an unusual distribution of the diaphrag- 
matic channels, and subsequent necropsy revealed an exceedingly large 
channel empt3ung directly into the thoracic duct. The thoracic duct is 
a variable structure in the different dogs. It is often double, somewhat 
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plexiform and passes forward usually to the right of the aorta and 
ventral to the azygos vein. 

The other two lymphatic routes, draining a portion of the diaphragm, 
lead into the peritoneal cavity or into the retroperitoneal spaces dorsal 
to the two diaphragmatic crura. Of these two, the latter course is the 
more extensive and the more constant in its distribution. In figure 1 
lymphatic channels are shown in the lower right and lower left margins 
of the diaphragm, which carry a portion of the lymph backward, dorsal 
to the peritoneum, to a large lymph node which lies in the retro- 
peritoneal space just above the kidney; thence different channels pass 
obliquely to the cisterna. In figure 2 a group of three or four lymphatic 
channels are shown along the dorsal portion of the wall of the chest, 
coursing relatively parallel to the aorta. These channels, which readily 
distend with graphite when it is introduced into the peritoneal cavity, 
join those coming from the adjacent portion of the diaphragm and 
together course posteriorly to the retroperitoneal node described. 
Figure 1 shows also a group of three lymphatic channels which course 
over the dorsal half of the diaphragm and converge near the ventral 
margin of the aorta. These channels then course directly through the 
diaphragm, enter the peritoneal cavity, and may be traced directly to a 
lymph node in the mesentery of the spleen. Invariably these mesenteric 
nodes are black when the injection residue is washed from the peri- 
toneum, but the extent of the vessels coursing from the diaphragm into 
the peritoneal cavity is a variable one. In certain dogs we were able to 
recognize them with great difficulty, and in others such peritoneal 
channels coursing directly from the diaphragm could be traced directly 
to the lymph nodes near the spleen, the kidney, and in some instances 
to the pancreas of Aselli. 

We shall summarize briefly the lymphatic drainage from the 
diaphragm of dogs previously given injections of the graphite prepa- 
ration. There are five routes through which such particulate matter 
IS removed; the sternal, the pulmonary, the thoracic duct, the retro- 
peritoneal and the direct peritoneal routes. Of these, the sternal route 
is essentially the most conspicuous and probably carries away four- 
fifths or more of the material removed from the peritoneal cavity. The 
pulmonary route is perhaps the next efficient, followed by the thoracic 
duct, the retroperitoneal lymph ducts, and, lastly, the direct peritoneal 
course, if one is to judge by relative distensibility following peritoneal 
absorption. 

In the dog, then, the major drainage from the diaphragm is through 
the sternal lymphatics. In the slightl)' reflected portion of the sternum, 
as shown in the upper portion of figure 1, a group of three or four 
channels course from the diaphragm into the spaces between the inter- 
costal muscles and continue forward, parallel to the sternal or thoracic 
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artery and vein. Occasionally, plexuses are formed by these channels 
around the blood vessels. These sternal lymphatic trunks continue into 
a series of two to four lymph nodes which lie in the interval between 



2. — The right half of the thorax removed from a dog after intraperitoneal 
injection of the graphite The lymph channels and nodes are shown, together 
with their relation to the thoracic duct. 

the first and third ribs (fig. 2). Throughout their forward course the 
lymphatics on the two sides of the sternum are independent of each 
other, but in the region of these sternal Ij'mph nodes numerous collecting 
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branches unite the two (fig. 3). Thence, the lymphatic drainage may 
be in any one of three directions: directly through collecting channels 
which course through the fascia along the right innominate vein to the 
right lymphatic duct and enter the venous system at the right jugular 
subclavian confluence; through anastomosing channels and additional 
nodes directly to the thoracic duct near its venous confluence, or by way 
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Fig. 3 — Dorsal view of the mediastinal region in a dog, showing lymph nodes 
and associated lymph channels in a dog given an intraperitoneal injection of the 
graphite preparation. 


of a paratracheal mediastinal lymph node (fig. 3). The pattern of the 
lymphatic distribution in this region is a variable one, and an attempt will 
not be made to give in detail the various courses which our dissections 
have revealed. In general, the drainage from the right sternal lymphatics 
IS to the right lymphatic duct; drainage from the left sternal lymphatics, 
With the exception of certain anastomoses, is toward the thoracic duct. 
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Figure 2 shows the drainage from the left side of the diaphragm 
through the pulmonary region. On tlie right side, the lymphatic 
channels from the diaphragm to the hilum of the lung are far less con- 
spicuous, and yet in nearly every animal studied one or more such 
vessels were seen leading direct!}’' to parabronchial nodes on the right 
side. The lymph duct which courses forward over the pericardium, 
parallel to the phrenic nerve is invariably present. This empties 
directly into a paratracheal mediastinal lymph node, lying directly on 
the ventral surface of the trachea, somewhat anterior to the arch of 
the aorta. Other channels leave the diaphragm in the region of the 
central tendon, incline somewhat dorsally and course either through 
the pulmonary mesentery or along the esophagus parallel to the vagus 
nerve. This group of lymphatics enters the parabronchial nodes, usually 
two or three in number, which lie within the arch of the aorta just 
dorsal to the base of the left lung (fig. 2). We have never observed 
any direct lymphatic continuity between these diaphragmatic channels 
and the tissue of the lung. The pulmonary lymph channels, however, 
communicate directly with these parabronchial nodes and accordingly 
any retrograde flow of lymph would permit dispersion of the particulate 
matter of the peritoneal cavity rvithin the lung. The discoloration of 
the lung in a number of dogs would suggest such a reversal, and yet 
the varying degrees of anthracosis which occur in the average dog 
render such a conclusion untenable. 

Anterior to the parabronchial nodes, the lymph drainage continues 
by way of channels which pursue rather dififerent courses in different 
animals. The more usual pattern encountered is that illustrated in 
figure 3. A group of from five to eight channels continues forward 
from these bronchial lymph nodes to a series of mediastinal nodes 
which lie in the fascia along each side of the trachea, the brachiocephalic 
artery and the anterior vena cava. A considerable portion of the 
lymph from the nodes on the left bronchus passes through channels 
which lie dorsal to the aortic arch, to the more posterior mediastinal 
node, which lies adjacent to the brachiocephalic artery, and receives the 
drainage from the right bronchial nodes as well. Other channels from 
the left bronchial nodes course directly forward ventral to the aortic 
arch and empty into the paratracheal node at a considerable distance 
anteriorly. Figure 3 shows that the drainage from the right side of the 
pulmonary region, and no doubt to a considerable extent from the left, 
empties into the venous circulation through the right lymphatic duct. 
The principal drainage from the left side, however, although exhibiting 
certain anastomotic arrangements with that of the right, is more largely 
forward through a series of two or three nodes which lie along the 
left side of the trachea and which ultimately connect by additional 
channels with the thoracic duct near its venous confluence. 
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The third anterior drainage route from the diaphragm is by way 
of the thoracic duct. As shown in figures 1 and 2 , only a few small 
lymphatic channels ordinarily pass from the diaphragm into the thoracic 
duct. Accordingly, this route is of relativel}’^ small significance in the 
drainage of particulate matter from the peritoneal cavity. The duct, 
somewhat plexiform in arrangement, courses forward to the right of 
the aorta and ventral to the azygos vein, much as is shown in standard 
comparative textbooks, forms the characteristic ring around the base 
of the jugular vein and empties into the vascular circulation either at 
the subclavian confluence or into the left innominate or left brachio- 
cephalic vein. 

SUMMARV AXD COXCLUSIONS 

From this rather cursory sun^e}' of the anatomic relations of the 
lymphatic channels which functioti in the removal of particulate matter 
from the peritoneal cavity of the dog, it is evident that the thoracic 
duct plays a relatively insignificant part. Particulate graphite, when ' 
injected directly into the peritoneal cavity, is readily visible in the 
diaphragmatic lymphatics and the sternal trunks within from ten to’ 
twelve minutes in normal healthy dogs. In animals, however, in which 
the respirator}'- mechanism is disturbed, so that the normal excursion 
of the diaphragm is modified somewhat, the interval between the peri- 
toneal injection and the appearance of the graphite in the sternal 
lymphatics is greatly prolonged. The injected graphite is visible in the 
sternal lymphatic trunks usually long before it can be identified in the 
cannulated thoracic duct. In only one dog of our series, a more or less 
rapid appearance of the pigment in the thoracic duct was explained at 
necropsy when an unusual distribution of the h-mphatics of the dorsal 
portion of the diaphragm was discovered to include major channels 
which were directly confluent with the thoracic duct. Ordinarily, the 
lymph of the thoracic duct is colored onl}' lightly and then only after 
prolonged interv^als, when the lymphocytes within it contain large num- 
bers of- the graphite particles, probably phagocytes within the peritoneal 
cavity. With the animal under ether anesthesia, it is relatively simple 
to open the median line of the chest in the region of the first or second 
costal cartilages and thus expose the sternal or thoracic blood vessels. 
In this way the region may be watched and the first appearance of the 
black graphite in the clear lymph of the channel may be noted. Prepa- 
rations made of the lymph coming through these channels show that 
the graphite contained within it is in the free particulate state, just as 
It was injected into the peritoneum. On the other hand, smears made 
from the lymph nodes in this region, as well as fixed paraffin sections, 
show that the material is both in the cells and in the free state, the 
particles having been phagocytosed by the large cells of the lymph node. 
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If in the same animal, or in one subjected to tlie same injection into 
the peritoneum, a cannula is introduced into the thoracic duct in the 
neck near its venous confluence, samples of lymph ma)' be taken for 
analysis. Within thirt}' minutes, following the peritoneal injection, 
darkly colored lymph may he recovered from the thoracic duct in the 
neck. Analysis shows that the graphite contained therein is partly free 
and partly in the large lymphocytes. The cells containing the graphite 
are probablj' derived from the lyonph nodes of the pulmonarj’, the 
tracheal or the sternal regions; the particles in the free state have passed 
directly into the lymph stream from the diajjhragm. 

B}' means of insufflation, one of us (Graham) was able to develop 
a technic whereb}' the thoracic portion of the thoracic duct could be 
cannulated and samples of lymph could easily be collected for analysis 
of cellular content. In a number of experiments, lymph was collected 
from the thoracic duct of dogs that had previously received a peritoneal 
injection of the graphite preparation. The sample taken immediately 
after the intraperitoneal injection was normal lymph with the usual 
number of small and large lymphocytes. During the first hour, long 
after the sternal lymphatics were black, there was no evidence of the 
graphite either in the free state or in phagocytic cells, yet there was an 
apparent increase in the number of large lymphocytes. An hour and 
a half following the injection, the larger cells of the lymph contained 
many granules of graphite, but the smaller cells were entirely devoid of 
them. There were no free particles in the lymph stream at this time. 
Subsequently, with an increase in the number of these large cells, small 
quantities of free graphite appeared in the lymph. Also, at intervals 
of about two hours following the injection, the larger cells contained 
the graphite in var3'ing quantities, and in many cases the cjdoplasmic 
bodies were literally packed with granules. Anah'sis of the peritoneal 
exudate showed masses of cells, similar to those recovered from the 
thoracic duct, packed with the graphite material. Unquestionably, these 
cells of the thoracic duct are identical with those in the peritoneal 
exudate, and they had probably entered the cisterna after phagocj'tosing 
the graphite in the peritoneal cavity. The particles of graphite which 
were encountered free in the lymph of the thoracic duct probably entered 
the duct through the few small channels coming from the dorsal margins 
of the diaphragm. Samples of blood taken from the femoral artery 
at this time contained occasional granules of free graphite, together with 
cells moderately packed with the injected material. 

If one is to judge by the degree of physiologic activity and the 
number of lymph channels leading from the diaphragm it is apparent 
that the lymphatic paths coursing through the pulmonary region are 
more effective in removing foreign particles from the diaphragm than 
the thoracic duct. These channels are not large and by no means com- 
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parable to those which run along the sternuin, and 3'et they are invariably 
present on the left side, coursing forward through the related mesen- 
teries to the l)mph nodes at the base of the lung, and usually are 
identified on the right side, although perhaps to a less degree. 

In the removal of foreign particulate matter or bacteria from the 
peritoneal cavity, these pulmonary 13'mphatic routes are perhaps the 
most significant from the standpoint of patholog5". Although these 
channels are not directly confluent with pulmonary lymph vessels yet 
they join with them in the nodes which lie at the base of the lung. 
In these nodes the lymph draining the two regions mingles and courses 
forward in the channels of the mediastinum. Accordingl3^ although 
direct pulmonary contacts with peritoneal drainage is not effected, 
nevertheless any disturbance in the flow or lymph coming from the 
lung, so as to involve stasis or even a retrograde flow, could well infect 
the lung with peritoneal organisms. These observations do not warrant 
such conclusions, for the pigmented lung so often encountered in these 
experimental animals has, of course, other explanations. The common 
pulmonary ' complications which accompany abdominal operations on 
dogs, however, may have their explanation in tire lymphatic association 
of the two regions. 



OLD NODULAR GOITER SURROUNDING TRACHEA, 
POSTERIOR 'TO TPIE CAROTID WITH THE ISTH- 
MUS POSTERIOR TO THE ESOPIiAGUS 

REPORT OF A CASE WITH SUDDEN DEATH FROM ACUTE ABSCESS* 

MILES F. PORTER, M.D. 

FORT WAVNE, INU. 

History. — S., a man, aged 60, was brought to the hospital suffering from 
retention of urine due to an enlarged prostate. He had a large, nodular, hard 
goiter which was fixed and which he said never bothered him. However, on 
inquir}',.it was found that for si.v or eight months he had been unable to breathe 
well when l.ving fiat, and that for the same length of time his voice had been 
affected. There were no toxic symptoms. He had had the goiter “ever since 
he could remember.” 

Catheterization, with the usual treatment after ten days or two weeks, put the 
patient in a condition for operation. A two-stage prostatectomy was done on 
December 24 and January IS, respectively. The patient was making an ideal 
recovery until January 21, when he had a chill accompanied by severe pain in the 
right side of the goiter and a temperature of 103.4 F. He also complained of 
difficulty in breathing. On the ne.xt morning when I saw him, he was sitting in 
bed reading the paper, and complained only of some soreness in the right side of 
the goiter. The temperature dropped to normal that night, and on the 23d he 
was feeling quite well, with a slight elevation of temperature and some soreness 
still present in the goiter. Early the ne.xt morning (the 24th), he complained 
of severe pain in the neck and difficult breatliing. Within ten minutes he was 
dead. 

The nurse in charge of the floor also reported that the goiter was greatly 
increased in size, and that the man was cyanotic and evidently died from asphy.xia. 
Both drains were removed from the bladder on the 23d when the cystotomy wound 
seemed to be in a good condition, and the drainage was satisfactory. 

Autopsy . — Autopsy was performed three hours and thirty minutes after death. 
The bladder, the area around the prostate and the cystotomy wound were 
and normal. The abdomen was normal, except for stones in the gallbla er. 
Extensive pleural adhesions (old) were found on the left, and there were some on 
the right, also. The left ventricle was slightly hypertrophic. The cardiac vesse s 
and valves were normal. No thrombus or embolus could be found. 

The large goiter was uncovered with difficulty on account of close o! a 
sions ; during the process of uncovering it, an abscess on the right side vas 
and discharged more than an ounce of sanious pus, which was found to e 
coccic. Sharp dissection was necessary in removing the gland, which nas co 
adherent throughout its entire surface. . ggpect 

The right lobe (the larger) was crossed vertically on the outer an 
by a white, flat band, which proved to be the carotid artery (fig- )• ^ . 

separated from the gland, and the latter was removed in its ^ ti,e 

lobe crossed over the trachea and was intimatelj' adherent to t e 


* Submitted for publication, April 2, 1929. 
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kit lobe, and the isthmus was behind the esophagus. Thus, the esophagus and 
trachea were completely encircled by the goiter (fig. 2). 

Figure 1 is a drawing that I made from memory immediately after the 
removal of the gland. Neither the artery, the trachea nor the esophagus was 
removed with the goiter but, to make the interpretation clearer, the drawing was 
made as though they had been. The artery should appear more flattened than it 
does in the drawing. 

Figure 2 is a schematic representation of a cross-section showing the relation 
of the artery, the trachea and the esophagus to the goiter, also the location of 
the isthmus. Microscopic examination of several sections showed no malignant 
disease but old and recent inflammatory reactions. 



Fig. 1. ^Drawn immediately after removal, from memory. C.C.A., flattened 
carotid; D, dent in trachea made by pressure of goiter; T.C., thyroid cartilage; 
T, trachea; £, esophagus; J, isthmus; R.L. and L.L., right and left lobes, respec- 
tively. 


COMMENT 

^In nt}' opinion, the sudden death in this case was due in the main to 
tin acute streptococcic abscess. The source of the infection was not 
determined. 

The universal close adhesions prove the existence of a long-standing, 
low-grade inflammation, an exacerbation of which may have been caused 
i>y the lowered resistance consequent on the urinary trouble, plus the 
operation. It should be added that examination of the specimen after 
removal showed several additional abscesses. 



468 


ARCHIVES OP SURGERY 


The asphyxia inay have been in part, at least, due to pressure on the 
superior laryngeal nerve, as the abscess was located in the upper right 
aspect of the gland. However, the dent remaining in the trachea after 
the gland was removed shows that the capacity of that tube had been 
encroached on for a long time. 

From the flattening of the carotid, one would suppose that the 
passage of blood through this vessel was considerably inhibited. If so, 
there were no clinical signs indicative of it. 

I never saw the isthmus located behind the esophagus before, nor 
have I found a similar case reported, although, as is well known, 
unusual forms of this part of the thyroid are not infrequent. Absence 
of the isthmus or of one of the lobes is not extremely uncommon ; it is 
quite possible that in the case reported, the isthmus and the left lobe were 
never developed and that what seemed to be the isthmus was really an 
extension of the right lobe of the gland, as was what I have named the 
left lobe. 



Fig. 2. — Schematic drawing of cross-section, showing relation of artery (C.A.), 
esophagus (E) and trachea (T) to the goiter. L.L.. left lobe; R.L., right lobe; 
/, isthmus. 


Pemberton ^ reported a case (fig. 3) in which there was a mass of 
thyroid tissue behind the trachea and esophagus which had developed 
from the right lobe and had formed a tumor on the left side from 
which the lobe had previously been removed. Hertzler sent me a photo- 
graph of a case much like Pemberton’s (fig. 4), except that the growth 
was malignant. 

Graham - referred to a case reported from Hoffman’s Clinic by 
M. Willenbacher, in which the goiter completely encircled the trachea, 
producing dyspnea in a new-born child, and which was successfully 
removed forty-three hours after birth. 

The distortion of the great vessels that was present in the case here 
reported has been seen in “several instances” in the Lahey Clinic ^ in 

1. Pemberton: Surg. Clin. N. Amer. 6:1278 (Oct.) 1926. 

2. Graham : Practical Medicine Series, Surgery, Chicago Year Book, 1928, 
p. 211. 

3. Clute, H. M., and Smith, L. W.: Cancer of the Thyroid Gland, Arch. 
Surg, 18 : part 1, 14 (Jan.) 1929. 
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Fig. 3. — Cross-section of a huge retrotracheal projection, forming a tumor 
on the left side of the trachea from which the lobe had been previously removed. 
(From Pemberton: Surg. Clin. N. Amer. 6:1278 [Oct.] 1926.) 
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patients with cancer of the thyroid. Lahey said that they have never 
had a case like the one here reported. Albert Kocher “ referred to an 
outward displacement of the vessels so that the “carotid is felt in the 
external posterior portion of the tumor unden leath the skin and along 
the outer border of the sternocleidomastoid muscle,” but made no men- 
tion of such distortion as occurred in this case. 

Crotti “ spoke of the displacement of the vessels much as Kocher 
did, but made no mention of anterior displacement. 

Neither Ochsner ” nor Crile,” in their works on goiter, mentioned 
derangement of the vascular relations such as is herewith reported. 

C. H. Mayo ” said that he had seen “a few cases, not more than four” 
like the one reported here. 

Crotti,^® said that he had seen eight or ten cases of “circular goiter 
in which the two lobes came in contact behind the esophagus.” 

SUMMARY 

A case is reported of sudden death from asphyxia due to an acute 
streptococcic abscess engrafted on a chronic inflammation in an old, 
nodular, nonmalignant goiter, which completely surrounded the trachea 
and esophagus with the isthmus behind and the lateral lobes meeting in 
front of the trachea, and having the carotid vessels stretched over the 
front of the right lobe. It is probable that both the anterior dislocation 
of the vessels and the retrotracheal projection of the gland are more 
likely to occur in malignant goiters. 

Cases similar in some respects are referred to, but after considerable 
inquir}^ by letter and research in the literature, no case like the one here 
reported has been found. 

4. Lahey: Personal communication to the author. 

5. Kocher, Albert, in Keene: Surgery, Philadelphia, W. B. Saunders Com- 
pany, 1908, vol. 3, p. 359. 

6. Crotti, Andre : Thyroid and Thymus, Philadelphia, Lea & Febiger, 1918, 
p. 124. 

7. Ochsner and Thompson : Thyroid and Parathyroid Glands, St. Louis, 
C. V. Mosby Company, 1910. 

8. Crile, G. W., and his associates : The Thyroid Gland, Philadelphia, W. B. 
Saunders & Co., 1922. 

9. Mayo, C. H. : Personal communication to the author. 

10. Crotti : Personal communication to the author. 
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CHICAGO 

When iodized poppy seed oil 40 per cent was first advocated in intra- 
bronchial instillation for the purpose of lung mapping, there seemed to 
us to be several theoretical objections. One of these was that a fibrosis 
of the lungs would be produced as a result of prolonged presence of an 
intrabronchial foreign body (iodized oil). Another was that bronchitis 
or bronchopneumonia would develop due to the transplantation of bac- 
teria from the pharynx into the finer bronchioles by means of the oil. 
Long before we found e.xperimentally that this second objection was 
theoretical only, we were convinced by reports of the clinics in which 
iodized oil 40 per cent had been taken up enthusiastically from the start 
that bronchitis and pneumonia did not follow its use. 

The validity of the first objection, however, seemed to us to be 
strengthened as we began to see patients a year or two after the injec- 
tion of iodized oil in whom traces of the oil remained visible roent- 
genographicall)^ Also, Pinkerton ^ reported several cases of children in 
whose lungs marked fibrosis had occurred following the aspiration of 
small quantities of petrolatum which had been instilled into the nose 
for some local nasal condition. Finally, in our own hospital, Dr. Irving 
Stein found marked fibrosis of a fallopian tube which contained iodized 
oil several months after the oil had been instilled into the uterus for the 
purpose of mapping the uterine cavit}' and tubes. 

EXPERIMENT 

Our experiment consisted of intrabronchial injection of a small 
quantity of iodized poppy seed oil 40 per cent into dogs; the animals 

* Submitted for publication, Jan. IS, 1929. 

♦From the Nelson Morris Institute for Medical Research of the Michael 
Reese Hospital, and from the Department of Experimental Surgery, University of 
Illinois. 

1. Pinkerton, H. : Oils and Fats; Their Entrance Into and Fat in Lungs 
of Infants and Children, Am. J. Dis. Child. 33:284 (Feb.) 1927. 
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were then killed at various intervals from a few days to seven months 
after the injection, and the lungs were studied roentgenographically, 
macroscopicaJly and microscopically. 

The technic carried out was identical in all dogs. 

The animals were given Iwpodermic injections of morphine of sufficient 
strength to make them drowsy and docile, but not enougii to put them to sleep. 

Tliey were placed on a fluoroscopic table and strapped to a board. Their mouths 
were held open by an assistant, and a tube (soft rubber French catheter no. 12) 



Fig. I. — Roentgenogram taken immediately after the injection of iodized oil 
into the lower branch of the right bronchus. 

was quickly slipped through the posterior pharynx into the trachea and fed down- 
ward until its tip was in one or the other of the two main bronchi. Then from 5 to 
20 cc. of iodized oil was injected into the bronchus under fluoroscopic control. The 
amount varied according to the size of the dog. Sufficient iodized oil was injected 
to outline clearly the bronchus and bronchioles of one or two lobes of a lung. The 
catheter was withdrawn and a roentgenogram immediately made. 

The dogs were allowed the liberty of the kennels. At frequent intervals, roent- 
genograms were made. 

The dogs were killed at lengths of time varying from a few days to seven 
months after the injection of iodized oil. A careful and complete autopsy was 
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done on eacli dog. The lungs were removed in toto, and roentgenograms were 
made before they were examined and sectioned. 

Sections were made from every lobe of each lung and were stained with 
hematoxylin and eosin and Sudan III (fat stain). 

The control consisted of dogs killed for other experimental work. The lungs 
were removed in toto; roentgenograms were made, and the lungs were sectioned 
as in the experimental dogs. 

RESULTS 

Onl}' two of the twelve dogs developed pneumonia — one dog a few 
days after injection and one several months after. We feel that these 



Fig. 2 — Picture of same dog in figure 1 taken four months later, showing 
retention of the iodized oil into the lower part of the right lung, and also the 
retention of the same material in the upper lobes. 


two deaths have no bearing on the experiment, as in all our dogs the 
mortality from pneumonia during the winter of 1926-1927 was greater 
than this; furthermore, one of these dogs died in an epidemic which 
hilled nearly all the dogs in the kennels at that time. 

The fact that ten of twelve dogs did not develop pneumonia would 
have led us to discard the theoretical objection that iodized oil might 
cause pneumonia, if the clinical evidence had not already caused us 
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to do so. Macroscopicall}', only one dog sliowed signs of marked 
pulmonary fibrosis and scarring. Tliis was in a dog in which the iodized 
oil had been injected one month previously. The appearance of the 
lung suggested a much older process, and the fact that we have seen 
dogs into which injections had never been made and which had similar 
lesions leads us to the conclusion that the fibrotic changes in this case 
cannot be traced to the iodized oil. 



Fig 3 — Roentgenogram of lung removed after the dog was killed six months 
after injection, showing retention of iodized oil 

In almost every instance, the oil did not remain in the lobes injected 
but was quickly dispersed. In every instance almost all of the oil had 
disappeared by the time the second roentgenogram was taken. 

In every case, small traces of iodized oil were seen loentgeno- 
graphically in the lungs removed at autopsy That includes the dog 
killed after almost seven months 

The results of the microscopic examinations were as follows ; 

The lungs of the dogs into the bronchial tree of \vhich iodized oil 
had previously been injected did not differ grossly in any way from the 
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lungs of control animals. Microscopically, slight changes were present 
in the dogs given iodized oil. These changes were not constant in all 
the sections and did not vary in degree in any single section. Sections 
taken from those areas which showed a slight degree of motthng in the 
roentgenogram taken of the bare lungs after autopsy did not present 
signs or changes any more unusual than those in areas which were clear 
in the roentgenograms. 



Fig. 4. — The portion of tlie lung which on roentgen examination was shown not 
to contain iodized oil. It is impossible to distinguish this section from sections of 
the control animals. 

In sections stained with Iiematoxylin and eosin in both the dogs 
given iodized oil and in the control animals, a moderate number of large 
mononuclear phagocytes containing small particles of pigment occurred 
beneath the pleura. The number and distribution of these cells were 
about the same in the two sets of dogs. These cells often occurred in 
the region of small anthracotic areas, or occurred singly. 

In the animals given iodized oil the terminal bronchioles were slightly 
more prominent than those of the controls, and there occurred a slight 
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increase in the thickness of the wall and a not prominent infolding of 
the epithelium. The number of l)miphocytes in the walls of the bronchi 
was about the same in the two sets of animals. 

In the dogs given iodized oil, small focal areas of fibrosis occurred 
occasionally beneath the pleura and about the terminal bronchi, and 
while similar areas occurred in the control animals, their frequency and 
size were slight!}^ more pi'ominent in the dogs given iodized oil. 



tinguishable from these. 

In sections stained with sudan III, the number of macrophages con- 
taining small refractile globules of fat were slightly increased in the 
dogs given iodized oil. These macrophages occurred beneath the pleura, 
usually about a small area of anthracosis, but frequently appeared 
singly. An occasional lining alveolar cell containing small fat globules 
was present. 

The larger bronchi of the dogs given iodized oil infrequently 
showed fat within the wall. This small amount of fat was locate 
within the fat cells. 
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The conditions just described were not prominent in any of the 
sections taken from the lungs of dogs given iodized oil. They were 
present to a slightly less degree in the lungs of control animals. 

Our results have led us to drop our theoretical objections to the 
use of iodized oil. Our results correspond with clinical experience and 
also with experimental observations published by others. 

We were keenly interested in the result of Pinkerton’s” experi- 
mental work. He showed results almost identical with our own when 
iodized oil was used, and results similar to those found in the lungs 
of children when mineral oils were used. He advanced the expla- 
nation that the difference in the reaction might be explained on the 
basis of the presence of specific ferments-Iipases. At the suggestion of 
Dr. Schultz, the director of the Nelson Morris Institute, we attempted 
to show the presence of these ferments in lung tissue. However, the 
usual methods did not give results, showing that if these ferments 
do exist in lung tissue they exist in small quantities, perhaps in quanti- 
ties not greater than those found in the circulating blood. 

SUMMARY 

Instillation of iodized poppy seed oil 40 per cent into the bronchial 
tree of dogs is not followed by pneumonia nor, as far as we could see, 
by any acute cellular reaction. 

Most of the iodized oil is speedily expelled by coughing. 

Small amounts of the oil are retained for at least seven months. 

The presence of this iodized oil apparently does not cause a definite 
foreign body reaction. 


2. Pinkerton, H.; Reaction to Oils and Fats in Lungs, Arch. Path. 5:380 
(March) 1928. 
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In spite of the large amount of experimental and clinical work done 
on intestinal obstruction, there are still numerous insular concepts of 
the cause of death, and there are differences of opinion as to treatment. 
There have been several excellent reviews of the literature during the 
last few years, and Cooper has recently published an admirable analysis 
of the situation from the experimental evidence at hand. Since this 
literature is available, we shall not attempt to review past evidence but 
shall report the results of our experiments and our deductions as to the 
manner of treatment likely to be most beneficial for patients having 
intestinal obstruction. 

There is general agreement that simple obstruction differs materially 
from obstruction with strangulation. This study deals only with simple 
obstruction. 

There have been three primary purposes in these experiments : ( 1 ) 
to determine the toxicity of the content of obstructed intestine when it 
is present in obstructed and nonobstructed bowel; (2) to determine the 
effects of varying intra-intestinal pressure on the length of life after 
obstruction is induced, and (3) to determine the therapeutic value of 
sodium chloride under varying conditions of intra-intestinal pressure. 

The attempt to answer these questions has necessitated inquiry into 
several subsidiary issues which will be discussed as tliey appear. 

Rabbits have been used as the experimental animals. They are not 
so satisfactory to use as dogs, for they are more delicate and live a 
shorter period after obstruction. This disadvantage is more than offset 
in these particular experiments by the fact that rabbits do not vomit 
and therefore their intra-intestinal pressure can be controlled. 

TECHNIC OF PROCEDURES 

All operations, except the second stage of some jejunostomies, were done with 
the animals under ethylene anesthesia with no preliminary medication. The ani- 
mals were denied food for forty-eight hours but were allowed water preopera- 
tively. Operations were performed under aseptic precautions, and virtually no 
wound infections developed. 


♦Submitted for publication, March 30, 1929. 

♦ From the Laboratories of Columbia Hospital. 
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Obstructions were created in two ways. Temporarv' obstruction was produced 
by making an aperture in the mesentery just beneath the bowel and passing a 
one-fourth inch rubber hand through the opening. The ends of the rubber band 
were brougJit out through stab wounds in the ventral abdominal wall about three 
eighths of an inch apart. The ends of the band were then sewed together applj - 
ing sufficient tension to compress the intestine so as to occlude the lumen but not 
enough to destroy the blood supply. This tension was applied with the intestine 
under observation. When the obstruction was to be released, the rubber band 
was cut and removed without anesthesia. Usually the intestinal contents could 
immediately be heard passing beyond the point of obstruction. Permanent obstruc- 
tion was produced by tying umbilical cord tape around the bowel. 

Jejunostomies were performed to permit complete drainage of the stomach 
and duodenum. Altliough three methods were tried, none was entire]}' satisfac- 
tory. The principal difficulty was in obtaining free drainage with no back pres- 
sure as shown by duodenal distention. 

The first method consisted of severing the intestine, tying off and inverting 
the aboral end, placing a small rubber tube in the proximal end and bringing it 
out through the abdominal wall. 

The second method was similar except that no tube was used, and the wall 
of the intestine was sutured to the skin. 

The third method was the most satisfactory and was done in two stages. 
Under ethylene anesthesia the upper jejunal loop was brought out through the 
muscles of the abdominal wall and the muscles approximated with the mesentery 
intervening. The skin was then sutured over the intestine. Several rabbits died 
of obstruction following this first stage, but some survived and were in good 
health. The second stage was done under infiltration with procaine hydrochloride. 
The skin was opened, the intestine severed and the aboral end tied off. Thus 
there was no soiling of the peritoneum and no change made in the position of 
the proximal end to interfere with complete drainage. 

Gastrostomies were performed in conjunction with several obstructions. After 
completion of the obstruction, the stomach was sutured to each side of the 
abdominal incision over a distance of about 2 inches. The stomach was then 
opened and the mucous membrane sutured to the skin, thus permitting constant 
emptying of the stomach through the ventral abdominal wall. 

Aspiration of stomach content by a catheter through the esophagus was found 
to be possible only when rabbits had been on an exclusive diet of lettuce, bread 
and water for from two to three weeks. After forty-eight hours’ starvation the 
stomach was nearly empty, and the secretions accumulating after obstruction 
could be aspirated through a catheter. 

Material to be put into the stomach after the intestine was obstructed was 
forced through a catheter. 

Solutions of dextrose or sodium chloride were injected into the veins of 
the car. 

Blood for analysis was obtained from the veins of the ear or from the heart. 

The nonprotcin nitrogen of the blood was determined by the method of Folin 
and \Vu.^ The blood chlorides were determined by the method of Whitchorn.= 

Blood for the determination of the alkali reserve was obtained from the heart 
and oxalatcd under oil. The method used was that of Van Slyke and Cullen,* 
and \ an Slyke.' 


3. Folin, D., and \Vu, H.: J. Biol. Chem. 38:81, 1919. 

- ^Yhitchorn, J. C; J. Biol. Chem. 45:449, 1921. 

a. \an Slyke, D. D., and Cullen, G. E,; J. Biol. Chem. 30:289, 1917 

4. \an Slyke: J. Biol. Chem. 30:34, 1917. 
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The chlorides in the stomach and duodenal contents were determined in the 
following manner. A weighed portion of the stomach or intestinal contents was 
made distinctly alkaline with sodium carbonate, the mi.xture completely ashed, 
and the residue dissolved in distilled water containing' nitric acid. In all, the 
equivalent of nitric acid was S cc. of a 1.42 specific gravity acid. From this 
point the procedure was the same as that for the determination of chlorides in 
the blood. 

Some rabbits died from the obstruction sooner than was e.xpected so that 
complete data on their blood were not obtained. Others contracted pneumonia 
soon after operation. Records of the experiments on such animals were discarded. 

THE TOXICITY OF THE CONTENTS OF OBSTRUCTED INTESTINE 

Rabbits vary considerably in the length of time they live after 
obstructions at similar points in their intestinal tracts. The amount of 

Table 1. — Changes fit Blood Chlorides and Nonprotein Nitrogen Folloiving 
Intestinal Obstruction at the Levels Indicated 


Eab- 12 II 20 22 21 20 30 43 49 

bit Before Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. 


3 
2 
10 
11 
IS 

4 
8 

79 

9 

13 

28 


Nonprotein nitrogen 54.5 
Ohiorides 0.430 


111.0 

0.304 


Middle 

duodenum 


Nonprotein nitrogen 82.1 224 
Chlorides 0.431 0, 


335 


Middle 

duodenum 


Nonprotein nitrogen 44.4 
Chlorides 0.193 


78.9 

0.400 


Proximal 

jejunum 


Nonprotein nitrogen 43.4 
Chlorides 0.502 


133.1 Proximal 

0.109 jejunum 


Nonprotein nitrogen 32.4 
Chlorides 0.393 


.. 120.0 
0.340 


Proximal 

jejunum 


Nonprotein nitrogen 41.6 
Ohiorides 0.130 


178.5 .. .. 207.8 .. .. IS Inches 

0.399 .. .. 0.300 jejunum 


Nonprotein nitrogen 39.5 

Chlorides. 0.182 

Nonprotein nitrogen 03.2 

Chlorides 0.175 

Nonprotein nitrogen 12.2 

Chlorides 0.455 

Nonprotein nitrogen 37.0 
Chlorides 0.400 

Nonprotein nitrogen 50.0 
Chlorides 0.607 


104.0 

0.420 


211.3 . . Upperpart 

0.339 of ileum 
O’erminal 
ileum 


173.3 178.0 Terminal 

0.119 ? ileum 

47.9 38.2 Operative 

0.461 0.171 manipu- 

tion 


17.0 

0.19S . 


Stan’a- 
tion only 


change in the nonprotein nitrogen and chlorides in the blood also varies 
somewhat, but as a rule is a dependable indication of the rabbit’s condi- 
tion. Obstruction in the middle of the duodenum is compatible with 
life for from fourteen to eighteen hours. Obstruction at the beginning 
of the jejunum caused death in from twenty-two to thirty hours. The 
duration of survival increases as the obstruction is lower so that life 
may last from eighty to two hundred hours when the obstruction is at 
the terminal ileum. These figures hold for rabbits receiving neither 
food nor water after the obstruction is created. Death occurs more 
rapidly if food or water is taken. 

Contrary to some opinions, it will be noted that obstruction low in 
the small intestine causes as great a drop in blood chlorides as that fol- 
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lowing high obstruction, provided there is a proportionate increase in 
tlie duration of the obstruction. There is always an increase in the 
nonprotcin nitrogen of the blood as well as in the alkali reserve. 

When rabbits are nearing death from obstruction, there is a great 
decrease in body temperature. Blood pressure is low, and there is some 
concentration of blood as noted in the diminished amount of plasma in 
proportion to the cellular constituents. When the rabbits are sick, it is 
difficult and sometimes impossible to obtain blood from the I'eins of 
the ear, even after application of heat and x)dol. 

The release of an obstruction when the rabbit is nearing death 
induces a rapid change in its condition. Within an hour its bod)f tera- 


Table 2. — Recovery After Release of Temporary Obstruction. The Time 
Jntcivols Tabulated Are Those After the Release of Obstruction 


Bab- Rc- 

bft Before lease 

1 

Hr. 

2 

Hr, 

3 

Hr. 

S’A 

Hr. 

•n.o 

Hr. 

0 

Hr. 

15 

Hr. 

1 

Day 

2 3 

Dars Days 

n hr. 

3 ^'.r.K.... &!.5 lU.O 
Cliloridcs 0.430 0.304 

•• 

•• 

•• 

•• 

157.7 

0.409 



ir.G.c 

0,403 


09.2 Middle 

0.475 duodCDum 

15 hr, 

7 N.P.K..., 63.5 135.2 
Chlorides 0.415 0.301 



90.9 

0.420 

•• 

•• 



31.0 

0.815 

•• 

. . Middle 
duodemim 

26 hr. 

ID 38.0 103.4 12S.5 

Cliiorldcs O.SSJ 0.310 0.4S5 


•• 

•• 



•• 

94.2 

0.452 


.. Proximal 
jejunum 

24 lir. 

SO N.P.X.... 30.0 103.S 
Clilorldes 0.481 0.400 


80.3 

0.448 

•• 

•• 

•• 


•• 

•• 


. . Proximal 
jejunum 

16 lir. 

5 N.P.K.... 03.0 105.0 
Oiilorldes 0.40S 0.402 

84.5 

0.483 

•• 

•• 

•• 

•• 

•• 


30.0 

0.498 


. . 18 inches 
jejunum 

22 hr. 

4 X.P.X..., 44.5 207.8 
Chlorides 0.430 0.310 


•• 


215.9 

0.397 . . 

•• 

270.5 

0.^0 

> 


44.0 IS inches 
0.403 jejunum 

43 hr. 

S XP.y.... ca.5 214.3 
Cliloridcs 0.481 0.339 

•• 




•• 

223.4 

0.403 



285.7 

0.42S 

. . Upper part 
of ileum 

43 lir. 

0 X.P.X,... 42 2 178.0 
Cliloridcs 0.453 0.419 



•• 

•• 





138.2 

0.50S 

. . lowerpart 
of ileum 


perature has at least approached normal ; it bleeds freely and hops 
around in apparent health. The blood chlorides are well on the way 
to normal by the end of an hour after release of the obstruction, and 
within three or four hours the}’ are at or above the normal level. The 
nonprotcin nitrogen of the blood drops soon after release if the rabbit 
h.is not been moribund, but when it has been near death the nonprotein 
nitrogen may increase for a time after the release before there is a 
leturn toward normal. The return of the nonprotein nitrogen to nor- 
ma! after release of low obstructions is not so rapid as that after the 
release of high obstructions. 

The removal of the stomach contents before the release of the 
obstruction retards recovery. Substitution of an equivalent amount of 
< i.'-tillcd water, although presumably compensating for the loss of fluid. 
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does not hasten recovery. The blood cldorides remain low, and the 
nonprotein nitrogen remains elevated until food or water containing 
chlorides is given. Substitution of an equivalent amount of sodium 
chloride solution to compensate for the water and chloride removed 
from the stomach before release of the obstruction hastens recover}' more 
than when distilled water is given but does not permit of rapid return 

Table 3. — T/ic Effect on Recovery of Removing Stomach Contents Before Release 
of Obstruction at the Third Inch of the Jejnnum. The Changes Arc 
Noted When Solutions of Sodium Chloride or Hydrochloric 
Acid Arc Substituted for the Stomach Contents 
Remozicd Before Release of Obstruction 


Rab-Wt., Rcleatc 2 3 JS 20 42 4+ 

bit Lb. Before 24 Hr. Hr. Hr. Hr. Hr. Hr. Hr, 


30 


27 


33 


42 


41 


Tt^N.P.N.... 29.0 103.8 £0.3 .. .. .. .. Stomach contents not re- 

Chloridcff 0.481 0.409 0.448 moved; obstruction releas- 

ed; neither food nor water 
until after last blood was 
taken 

... N.P.N.... 55.3 103.5 .. 120.0 Stomach contents 153 Gm., 

Chlorides 0.503 0.420 .. 0.413 0.400 Gm. as sodium chlo- 

ride. Stomach contents 
removed: obstruction re- 
leased; neither food nor 
water until after last blood 
was taken 


7»4 N.P.N.... 02.3 100.0 102.0 
Chlorides 0.442 0.307 0.297 


5 N.P.N.... 45.8 108.0 103.0 

Chlorides 0.500 0.307 0.424 


7 N.P.N.... 40.0 110.2 107.0 

Chlorides 0.600 0.370 0.439 


.. 201.0 .. 247.0 Stomach contents 155 Gm., 

0.343 .. 0.303 0.580 Gm. ns sodium chlor- 
ide. Stomach contents 

removed: obstruction re- 
leased; distilled water given 
freely after release until 20 
hr., then food 

100.0 .. 57.6 .. Stomach contents ICO Gm., 

0.424 .. 0.608 0.520 Gm. ns sodium chlor- 
ide. Stomach contents 

removed; obstruction re- 
leased; 160 cc. water plus 
0.0 Gm. sodium chloride 
given; distilled water 2 hr. 
after release, food IS hr. 
after 


100.0 Stomach contents 215 Gm., 

0.608 0.704 Gm. as sodium chlor- 

ide. Stomach contents 
removed: obstruction re- 
leased: 160 cc. water plus 
hydrochloric acid equiva- 
lent to 0.0 Gm. sodium 
chloride given; distilled 
water 2 hr. after release, 
food 18 hr. after 


of blood chlorides and nonprotein nitrogen to normal. Substitution of 
a solution of hydrochloric acid equivalent to the water and chlorides 
removed before release induces recovery almost as rapidly as that 
occurring after release of obstruction without removal of the stomach 
contents. 

Rabbits having had their stomach contents removed before release 
of obstruction without replacement of chlorides by sodium chloride or 
hydrochloric acid do not appear entirely healthy. They bleed with 
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difficulty and are sluggish in their movements until they have been 
given food or water and their blood constituents return toward a normal 
level. 

Comment . — The experimental observations reveal certain facts con- 
cerning intestinal obstruction, a few of which are new. They also 
justify explanations that may or may not be substantiated. 

Rabbits die from obstruction of much shorter duration than do 
dogs. One rather obvious reason is that there is no vomiting and 
therefore no release of pressure in the obstructed bowel. Although 
rabbits do not vomit, the retained secretions are lost to the animal just 
as much as if vomiting had occurred. The amount of chloride in the 
contents of the obstructed bowel is sufficient to account for the fall in 
blood chlorides. 

The higher the obstruction, up to the middle of the duodenum, the 
more rapid the death. It has been proved for rabbits and apparently 
holds true for dogs that the stomach and duodenum receive practically 
all the secretions entering the gastro-intestinal tract. These secretions 
come from the glands in the mucosa of the stomach and duodenum 
and also from the liver and pancreas.'^ Loss of all the secretions 
entering the stomach and duodenum is incompatible with life. The 
lower the obstruction, the more reabsorption of these secretions, thus 
retarding dehydration as well as depleting the elements in blood 
going to form the secretions. During the first twenty-four hours of 
ileal obstruction there is almost no evidence of change in a rabbit’s 
condition. The blood chloride, nonprotein nitrogen and alkali reserve 
differ but little from the normal. The animal appears healthy; it is 
warm and bleeds from its veins readily. During this first twenty-four 
hour interval reabsorption almost keeps pace with secretion. Since the 
entire intestinal tract is not available for absorption and none of the 
secreting portion is excluded, absorption lags behind secretion. Further- 
more, as inlraintestinal pressure is slowly increased, peristalsis is more 
vigorous, and secretion is accelerated. The increased amount of secre- 
tion augments intraintestinal pressure, giving rise to distention as the 
intestinal muscles lose their tone. As distention increases, absorption 
is proportionately retarded and is eventuall}' almost nil. The changes 
in the blood during this period are great, and the change in the clinical 
picture is er-ident. All determinable deviations from normal are the 
same as those occurring in high obstruction but occur from twenty- 
four to forty-eight hours later. 

In spite of apparent evidence to the contrary, it may be that toxemia 
pa\s .a minor role in simple obstruction and that the real cause of 
( e.at 1 is the loss of secretions normally reabsorbed. The fact that 
extirpation of the duodenum has been found compatible with life need 

Humiii!: and Jone.-;; J. Exper. Med. 17:192, 1913; 18:23, 1913. 
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not alter this conception, for then there is no loss of secretions, the 
elements forming the secretions never being removed from the blood. 

The release of temporary obstructions in rabbits, even when the 
animal is near death, permits return to health. The reabsorption of 
the contents of the obstructed bowel through normal intestine below 
the obstruction or from the obstructed bowel after the tension is low- 
ered instead of showing evidence of the absorption of a noxious sub- 
stance initiates a rapid return of the animal to normal. The blood 
chlorides are increased within one hour after release of the obstruction. 
This increase must be due to reabsorption, for the removal of the bowel 
contents above the obstruction prior to release does not permit an 
increase in the blood chlorides. This observation is further confirma- 
tion of the concept that the decrease in blood chlorides in obstruction 
is due solely to loss of stomach secretions. Furthermore, unless 
chlorides are given, the high nonprotein nitrogen shows no inclination 
to decrease. Some animals have lived for almost two days after release 
of jejunal obstructions with low blood chlorides and high nonprotein 
nitrogen and eventually recovered after the ingestion of food and watef 
containing chlorides. 

The removal of the stomach contents prior to release of temporary 
obstruction and the substitution of solutions of sodium chloride or 
hydrochloric acid in amounts comparable to the amount of water and 
chloride removed permit of recovery more rapidly than when distilled 
water is substituted but not so rapidly as when the obstruction is released 
without removal of the stomach contents. There are other elements in 
the secretions besides chlorides, the reabsorption of which benefits the 
animal. 


THE EFFECTS OF DIMINISHED AND INCREASED INTRA- 
INTESTINAL PRESSURE 

Attempts to reduce the intra-intestinal pressure in obstructed bowel 
were not uniformly successful and entailed additional operative trauma, 
which must be considered in interpreting results. 

Jej unostomy, theoretically, causes only the entire loss of the secre- 
tions from the liver, pancreas and the gastro-intestinal mucosa above 
the segment opened. In the jejunostomies performed an element of 
partial obstruction was added in spite of efforts to prevent it, for none 
of the rabbits drained freely enough to obviate some duodenal disten- 
tion. This presumably shortened the lives of the animals but does 
not entirely vitiate the observation that the length of life following 
jejunostomy is but little longer than that following obstruction at the 
same point. The changes in the blood are identical, and the appearance 
of the animal is the same. 

Removal of the stomach contents every eight hours from an animal 
whose jejunum is obstructed relieves most of the excess intra-intestinal 
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pressure, although the duodenum is always moderately distended. This 
incomplete release of pressure in jejunal obstructions increases the time 
of survival from eight to fifteen hours. 

Reducing intraduodenal pressure in jejunal obstruction by gas- 
trostomy, done at the time the obstruction was created, adds a great deal 
of operative trauma but, even so, lengthens life from ten to fifteen 
hours. 

The capacity of the stomach, or more likely the duodenum, to absorb 
water is much greater than has been supposed. Attempts to increase 
extra-intestinal pressure after obstruction of the jejunum by the intro- 
duction of water into the stomach in fairly large amounts were not 

Table 4.— The Effects of Rcdticitig Intra-infcstmal Pressure on Length of Life 


Bab- 20 24 25% 28 30 44 4C 

bit Before Hr. Hr, Hr. Hr. Hr. Hr. Hr. 

10 S.P.N 44.4 7S.9 ObstrucUon tVira incb oi iejli- 

Cliioridcs 0.495 0.400 num; not verj’ sick at 20 hr. 


25 X.P.N.... 4S,7 111.5 Obstruction third inch of Jeju- 

Chlorides 0.4S7 0.349 num; fairly sick at 26 hours. 


10 N.P.N.... 43.1 
Clllorides 0.420 


18S.0 

0.317 


Jejunostomy third inch of je- 
junum; fairly sick; killed 


74 N.P.N.... S0.2 
Clllorides 0.439 


109, 

0. 


401 


94 N.P.N.... 40.5 .. SSO 

Chlorides 0.402 .. 0.402 


. 154.0 ., .. Obstruction third inch of Jeju- 

. 0.390 .. .. num; stomach contents re- 

moved 8, IG and 24 hours after 
obstruction; fairly sick; killed 
at SO hours 

48.7 stomach sutured to anterior 

0.479 belly wall as control; lived 


90 X.P.N.... 50.0 .. 103.6 243.9 .. Pyloric obstruction and gastros- 

Chlorldcs 0.420 .. O.SCO 0.257 .. tomy permitting complete 

emptying of stomach; dying 
■ at 44 hours 

92 X.P.X.... 4G.1 _ .. 152.6 Obstruction third inch of jeju- 

Clllorides 0.515 .. 0-469 ,. .. .. .. .. num and gastrostomy permit- 

ting complete emptying of 
stomach; died at 33 hours 


successful. The excess water was readily absorbed, for when the animal 
ivas killed, there were but little more stomach and duodenal contents than 
are found in rabbits of the same size after simple obstruction. This work 
was done during hot weather which probably influenced the results. 

The introduction of liquid albolene into the stomach after obstruc- 
tion of the jejunum gave different results. Since there was no 
absorption of albolene, intra-intestinal pressure was increased imme- 
diately, and death occurred from eight to ten hours sooner than it does 
after simple obstruction. There was also an increased amount of stomach • 
and duodenal contents, rabbits so treated having about the same amount 
(albolene discarded) at their death in twenty hours as those with 
simple obstruction had in from twenty-six to thirty hours. The amount 

of chlorides in the stomach contents was virtually the same in the two 
groups. 
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Increasing intra-intestinal pressure after jejunal obstruction by 
the introduction into the stomach of stomach and duodenal contents, 
obtained after twenty-six hours of jejunal obstruction in another animal, 
shortened the usual length of life and caused a greater increase in the 
nonprotein nitrogen of the blood than that observed after using 
albolene. 

Since the duration of life is longer after ileal obstruction, increments 
in intra-intestinal pressure make differences in the time of survival more 

Table S. — The Effects of Increasing Intra-intestinal Pressure in Animals 
Obstructed at the Third Inch of the Jejunum. The Pressure JVas 
Increased by Giving Water, Liquid Albolene or the Stomach 
Contents of a Rabbit Having Had a Jejunal 
Obstruction for Twenty-Six Hours 
Through a Catheter Passed 
into the Stomach 


Rab 

- 

If) 

20 

22 21 

bit 

Before 

Hr. 

Hr, 

Hr. Hr. 

10 

Nonprotein nitrogen 44.4 
Chlorides 0.495 


78.9 

0.400 

.. 

27 

Nonprotoin nitrogen 55.5 
Chlorides 0.505 



. . 103.5 
0.42C 

64 

Nonprotein nitrogen 48.0 
Chlorides 0.515 



.. 77.7 

.. 0.SG3 

76 

Nonprotcin nitrogen 39.9 
Chlorides 0.427 



.. 129.8 
.. 0.391 


so 

Hr. 


85 Nonprotein nitrogen 53,7 
Chlorides 0.407 

77 Nonprotein nitrogen 58.8 200. 
Chlorides 0.502 0. 


86 Nonprotein nitrogen 49.0 
Chlorides 0.512 


87 Nonprotein nitrogen 00.0 
Chlorides 0.508 


340 


122.0 

0.430 


177.0 

0.429 


203.0 

0.430 


Obstmeted third inch of jejunum; 
not very sick 

Obstructed third inch of jejunum; 
fairly sick 

Obstructed third inch of jejunum; 
lOO cc. ivater immediately; not 
very sick; kilied in 24 hours 


in S iiours. 75 cc. in 24 hours; 
very sick; killed in SO hours 
Obstructed third inch of jejunum; 
120 cc. albolene Immediately; 
fairly sick; kilied in 22 hours 
Obstructed third inch of jejunum; 
100 cc. albolene immediately, 
100 cc. in 7 hours; dying, killed 
in 19 hours 

Obstructed third inch of jejunum; 
120 cc. stomach contents imme- 
diately; fairly sick; killed in 22 
hours 

Obstructed third inch of jejunum; 
120 cc. stomach contents imme- 
diately; fairly sick; killed in 22 
hours 


apparent. The capacity of the small intestine for the absorption of 
water is great. Rather large amounts of water introduced into the 
stomach at short intervals following obstruction at the terminal ileum 
caused no appreciable increase in intra-intestinal pressure and did the 
animals no harm. The work was done during hot weather which prob- 
ably affected the results. 

Increasing intra-intestinal pressure by the introduction of liquid 
albolene into the stomach after obstruction at the terminal ileum shortens 
life materially. The animals die with as great changes in their blood 
chlorides and nonprotein nitrogen after the same duration of obstruc- 
tion as those having high jejunal obstructions. 
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The effects of the introduction of stomach and duodenal contents, 
obtained from an animal having jejunal obstruction for twenty-six 
hours, into the stomach of a rabbit immediately following obstruction 
at the terminal ileum are not great. The animals are but little more 
distended at the end of twenty-four hours than are those having simple 
ileal obstruction, and the deviations of their blood chlorides and non- 
protein nitrogen from the normal are not much greater. 

Comment . — Reducing the pressure that develops within the bowel 
above the level of the induced obstruction increases the duration of 
survival and restiicts correspondingly the alterations in blood chlorides 

Table 6. — The Effects of Increasing Inira-intcstinal Pressure in Rabbits 
Obstructed at the Terminal Ileum. The Pressure tvas Increased by 
Giving Water, Liquid Albolcnc or the Stomach Contents of a 
Rabbit Having Had a Jejunal Obstruction for 
Tzvcnty-Si.v Hours, Through a Catheter 
Passed into the Stomach 


Rah 

bit 


22% 

Before Hr. 

24 

Hr. 

43 

Hr. 

9 

Nonprotein nitrogen 
Chlorides 

42.2 

0.455 .. 

.. 173.3 
0.41 

63 

Nonprotein nitrogen 
Chlorides 

39.2 

0.521 . . 

62.2 

0.452 


00 

Nonprotein nitrogen 
Chlorides 

4$.8 

0.500 

70.0 

0.3Ti 

•• 

89 

Nonprotein nitrogen 
Chlorides 

4S.3 160.6 
0.508 0.369 


-• 

91 

Nonprotein nitrogen 
Chlorides 

50.1 157.7 
0.512 0.43S 

•• 

•• 

90 

Nonprotein nitrogen 
Chlorides 

46.1 87.3 

0.495 0.475 

•• 

•• 


103 Konproteln nitrogen 46.0 116.0 
Chlorides 0.475 0.424 


Ileal obstruction; fairly sick 


Ileal obstruction; 100 cc. ryater immedi- 
ately; not sick 

Ileal obstruction; 100 cc. water immedi- 
ately and at 2, 4 and 6 hours; not much 
distention; not sick 

Ileal obstruction; ISO cc. albolene immedi- 
ately, lOO ce. in 8 hours; enormous dis- 
tention; dying in 22% hours 

Ileal obstruction; 180 cc. albolene immedi- 
ately, 100 cc. in 8 hours; very sick; 
greatly distended; killed in 22% hours 

Ileal obstruction; 180 cc. stomach contents 
immediately, lOO cc. in 6 hours; moder- 
ately sick; moderately distended; killed 
in 22% hours 

Ileal obstruction: 180 ce. stomach contents 
immediately, lOO cc. in 5 hours; not very 
sick; not much distention; killed in 22% 
hours 


and nonprotein nitrogen. The reasons are definite. As intra-intestinal 
pressure rises above normal, hyperperistalsis is provoked and continues 
until the increasing fatigue of the muscularis results in corresponding 
grades of distention. The rate of secretion is in general directly 
proportional to the activity of peristalsis. The rate of absorption is 
inversely proportional to the degree of distention. Thus it follows that 
increasing intra-intestinal pressure provokes hyperperistalsis which in 
turn stimulates secretion; the resulting distention diminishes the 
capacity for reabsorption of these secretions. 

The following observation is illustrative. Obstruction of the jejunum 
was made in the same manner in rabbits of the same size and continued 
or tn enty-si.v hours. If the stomach contents are removed by aspiration 
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every eight hours, the total amount obtained is less than when the 
contents are allowed to collect under increasing pressure for the full 
period of the obstruction. Longer life after obstruction and restricted 
alterations in blood chlorides and nonprotein nitrogen provided by 
reducing intra-intestinal pressure cannot be the result of a decreased 
absorption of a toxic substance from the lumen of the bowel. The 
rate of absorption is augmented by reducing tension, and, if an absorb- 
able toxic substance is present, life would be shortened and the symp- 
toms of intoxication would be intensified. Available evidence indicates 
that survival is longer when intra-intestinal pressure is reduced because 
there is not so great a loss of the constituents forming the secretions 
that enter the stomach and duodenum. 

The increase of intra-intestinal pressure in jejunal obstructipn 
induced by the introduction of 120 cc. of albolene into the stomach 
stimulates secretion and retards reabsorption. Blood chlorides are just 
as low at the end of nineteen hours as they are after twenty-six hours 
when the pressure is not thus increased. The distention in itself is not 
the cause of early death, for these animals are greatly distended imme- 
diately after obstruction. They seem perfectly healthy until a few 
hours before death when the typical lethal symptoms develop. 

The greater deviation from the normal level of the nonprotein nitro- 
gen of the blood noted after increasing intra-intestinal pressure by intro- 
ducing 120 cc. of the contents of obstructed bowel from another animal 
is difficult to explain. Clinically, these animals appeared no worse than 
those given albolene. It is possible that a larger series would show 
different results. The only plausible explanations are the presence of 
a noxious product in the stomach and duodenal contents introduced or 
that the contents introduced are sufficiently irritating to stimulate secre- 
tion more than does albolene. 

The untoward effect of increasing intra-intestinal pressure follow- 
ing obstruction at the terminal ileum is evident. When pressure is not 
increased, there is an interval of about twenty-four hours in the animals 
with low obstructions before reabsorption lags too far behind secretion. 
The introduction of liquid albolene immediately after the obstruction 
is produced seems almost entirely to inhibit reabsorption as well as 
indirectly to stimulate secretion so that the animals die almost as 
quickly as do those having duodenal obstructions. The fact that the 
blood chlorides and nonprotein nitrogen are approximately the same 
as those found after the same duration of duodenal obstruction makes 
it evident that death is not due solely to distention. Furthermore, 
even though greatly distended immediately after obstruction, they 
appear to be healthy until a few hours before death. 

The effects of increasing intra-intestinal pressure following obstruc- 
tions at the terminal ileum by introducing contents of obstructed bowel 
into the stomach are not great. Death occurs little sooner than it 
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does following simple ileal obstruction. At the end of twenty-four 
hours, the changes of the blood chloride and of the nonprotein nitrogen 
from the normal are not marked. There is little distention, since the 
water in the obstructed contents is absorbed. 

The difference in the effect produced by introducing the stomach 
and duodenal contents into the stomach to increase pressure in jejunal 
and ileal obstructions may be explained by the rapid descent of the 
contents in ileal obstruction to the jejunum and ileum where they can- 
not stimulate secretion by irritation of the stomach and duodenal 
mucosa. 

Table 7 — The Therapeutic Value of Solutions of Sodium Chloiide as Compared 
to Dc\trose Given htli avcnously JVhen Intia-infcstiiwl Pressure Is Not 
Diminished Stomach and Duodenal Contents Removed After 
Death and Analysed for Chlonde Content 


Bab- 

Wt . 


20 

24 

26 





bit 

Lb 

Before 

Hr 

Hr 

Hr 





71 

4% Nonprotem nitrogen 

413 


152 6 


Obstructed 

third 

inch 

jejunum 


Chlorides 

0 4SS 


0 420 







Alkali reserve 



69 0 






78 

Xonprotein nitrogen 

38 9 


1420 


Obstructed 

third 

inch 

jejunum, con 


Chlorides . 

0 4=8 


0396 


tents ot 

obstructed 

boT\ el, 222 Gm , 


0 741 Gm as sodium chloride 


5S 3% Nonprotcin nitrogen 42 5 152 0 
Chlorides . . 0 52S OSSO 

Alkali reserve 65 5 


Obstructed third inch jejunum, 40 cc 
5 per cent dextrose at 8 and 16 hours 
alter obstruction 


39 6 Xonprotom nitrogen 48 7 132 4 

Chlorides .. 0 503 0 538 

Alkali reserve 58 0 


Obstruction third inch jejunum, 40 cc 
0 0 per cent sodium chloride at S 
and 16 hours after obstruction 


46 4tA Xonprotein nitrogen IS 0 
Chlorides ... 0 475 


47 SJi ^onprotcln nitrogen 53 0 

Clilondes . 0 473 


125 3 Obstructed third inch jejunum, 40 cc 
0 353 6 per cent dextrose at 8 and 16 hours 

alter obstruction, contents ol ob 
structed bowel 278 Gm , 0 884 Gm 
as sodium chloride 

124 5 Obstructed third inch jejunum, 40 cc 
0 538 0 9 per cent sodium chloride at 8 

and 16 hours after obstruction; con 
tents of obstructed bowel 2ol Gm , 
1 0S2 Gm as sodium chloride 


THE THERAPEUTIC VALUE OF SOLUTIONS OF SODIUAI CHLORIDE 

The intravenous administration of solutions of 5 per cent dextrose or 
uf 09 per cent sodium chloride etery eight hours after jejunal obstruc- 
tion lengthens the life of rabbits from two to six hours. There seems 
to be no difference between the effects of the two solutions as far as 
surviial is concerned. There is with both an increase in the amount of 
distention due primarily to increased secretion and finall}^ to diminished 
absorption as distention progresses. The partial correction of the 
developing dehydration enables the glands of the mucosa to secrete more 
than when no fluids are given. The harmful effects of the increased 
intra-intestinal pressure are a little more than offset by the beneficial 
effects of diminished dehydration. Solutions of sodium chloride seem 
to haie no specific curative effect. The loss of chlorides into the contents 
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of the obstructed bowel is compensated for b}' timt given intravenously, 
but the nonprotein nitrogen increases almost as much as when solutions 
of dextrose are given. 

\Anien intra-intestinal pressure is reduced by aspiration or gas- 
trostoni}^ or when all secretions are lost with a jejunostomy, the thera- 
peutic value of solutions of sodium chloride given intravenously or 

Table 8. — The Therapeutic Value of Solutions of Sodium Chloride as Compared 
to Dextrose Given Intravenously When Intra-intestinal Pressure Is 
Reduced by the Methods Indicated. The Stomach Contents 
JVere Removed Through a Catheter Passed 
into the Stomach 


Eab- Wt., 24 2S 

bit lb. Before Hr. Hr. 


SO 30 37 3S 47 48 07 

Hr. Hr. Hr. Hr. Hr. Hr. Hr. 


74 4% 

N.P.N.... 30.2 109.2 .. lOf.O 

Chlorides 0.439 0.401 . . 0.390 


30 4 % . . 

N.P.N.... 40.0 104.0 
Chlorides 0.491 0.479 


Died 


43 Died 

N.P.N.... 53.0 90.0 

Chlorides 0.490 0.545 


N.P.N.... 58.8 148.8 
Chlorides 0.512 0.429 .. 

82 

N.P.N.... 58.8 112.3 
Chlroides 0.608 0.678 .. 


Dying 

274.0 

0.375 

.. .. Dying .. 

.. 221.3 

0.518 .. 


93 Dying 

N.P.N.... 44.0 157.4 .. .. 208.3 

Chlorides 0.469 0.462 .. .. 0.37G 


98 Dying 

N.P.N.... 46.8 .. 240.9 

Chlorides 0.402 .. 0.370 


Obstructed third inch je- 
junum; stomach con- 
tents removed 8. 10, 21 
and 30 hours after ob- 
struction 

Obstructed third inch je- 
junum; 40 cc. 0.9 per 
cent sodium chloride 8, 
10, 24 and 32 hours after 
obstruction; storaacb 
contents removed 8, 10, 
24 and 32 hours after 
obstruction 

Jejunostomy; 40 co. 0.9 
per cent sodium chloride 
8 and 16 hours after op- 
eration; partial obstruc- 
tion 

Jejunostomy; 40 cc. 6 
per cent dextrose 8 and 
16 hours after operation 
Jejunostomy, 2 stage; 
40 cc. 0.9 per cent sodium 
chloride 8, 16, 21, 82 and 
40 hours after operation 

Obstructed third Inch je- 
junum; gastrostomy; 
40 cc. 2.5 per cent dex- 
trose S, 16. 21 and 32 
hours after obstruction 
Pyloric obstruction; gas- 
trostomy; 40 cc. 2.6 per 
cent dextrose 7, 13 and 
23 hours after obstruc- 
tion 


101 Dying Pyloric obstruction; gas- 

N.F.N.... 45.4 145.9 229.S trostomy; 40 cc. 0.9 per 

Chlorides 0.488 0.393 0.343 cent sodium chloride 7, 

13, 23, 30, 35, 46, 62 and 68 
hours after obstruction 


subcutaneously becomes evident. Life is prolonged from twelve to 
sixteen hours by the administration of sodium chloride solution at short 
intervals if the stomach contents are removed every eight hours from 
an animal with Jejunal obstruction. There is less increase in the noii- 
protein nitrogen in the blood than when solutions of dextrose are given. 

The difference in value between the two solutions is evident when 
they are given to animals on which a jejunostomy has been performed. 
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The duration of life is shorter, and the nonprotein nitrogen is higher 
when dextrose is administered than when saline is used. 

Reduction of intra-intestinal pressure in jejunal obstruction by 
means of gastrostomy adds considerable operative trauma so that the 
results are undetenninate. Presumably life would have been prolonged 
considerably beyond the actual time noted if this trauma had not been 
added. 

The difference of t\verity hours in the len^h of sur\i\al of ani^ 
mals suffering loss of both stomach and duodenal secretions as found 
in those having a jejunostomy, and a loss of only stomach secretions 
as seen in pyloric obstruction with gastrostomy is evidence that the loss 
of duodenal secretions is not compensated for by saline. This differ- 

Table 9. — The Effect of Intravenous Administration of the Solutions Indicated 
on the Alkali Reserve and Nonprotein Nitrogen of Blood 


Eab- wt., si 

bit Lb. Before Hr. 


50 5 Xormal animal Starred 24 hours; rvater given freely 

Alkali rcserre 56.4 


52 5% Nonprotein nitrogen 

Chlorides 

Alkali reserve 


53 491 Nonprotein nitrogen 

Chlorides 

Alkali reserve 


34 594 Nonprotein nitrogen 

Chtorldcs.,., 

Alkali reserve 


SO 294 Nonprotein nitrogen 

Chlorides 

Alkali reserve 


37.0 41.0 Starved 72 hours; mater given freely; given 30 cc- 

0.402 0.517 2.5 per cent dextrose in vein at beginning of 

. . 01.4 experiment and again 10 hours later; rabbit bled 

from heart and killed in 24 hours; distilled mater 
given freely 

32.0 42.0 Starved 72 hours; mater given freely; given 20 ce. 
0.479 0.462 3 per cent sodium bicarbonate neutralized mith 

05.4 lactic acid in vein at beginning of experiment 

and again 10 hours later; rabbit bled from heart 
and killed in 24 hours; distilled mater given freely 

33.7 40.5 Starved 72 hours; mater given freely; given 20 ce. 
0.492 0.4fra 1 per cent lactic acid in vein at beginning of 
54.0 experiment and again 10 hours later; rabbit bled 
from heart and killed in 24 hours; distilled mater 
given freely 

33.5 62.S No starvation; given 20 cc. 3 per cent sodium 

0.462 0.412 bicarbonate in vein at beginning of experiment 
.. 95.0 and again 10 hours later; rabbit bled from heart 

and killed in 24 hours; distilled mater given freely 


ence in survival would probably have been still greater had sufficient 
sodium chloride been given the animal with pyloric obstruction to 
maintain the blood chloride at the normal level. 

The intravenous administration of solutions of dextrose or of 
sodium bicarbonate neutralized with lactic acid caused no appreci- 
able changes in the alkali reserve or nonprotein nitrogen of a healthy 
rabbit. 

Sufficient lactic acid to produce noticeable changes in the alkali 
reserve could not be given without immediately killing the animal. 

Solutions of sodium bicarbonate given intravenoush’^ in sufficient 
quantity materially to increase the alkali reserve caused a great increase 
in the nonprotein nitrogen of the blood. 

Comment . — ^The therapeutic value of the intravenous or subcu- 
taneous administration of solutions of sodium chloride increases as 
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intra-intestinal pressui'e is diminished and, conversely, the value 
decreases as intra-intestinal pressure is increased. The increased supply 
of fluid enables the animal to increase its gastric and duodenal secre- 
tions, thus augmenting distention and diminishing reabsorption unless 
means are employed to reduce intra-intestinal pressure. The value of 
sodium chloride lies in the establishment of a normal blood chloride 
level which corrects alkalosis and thereby lowers the high nonprotein 
nitrogen. 

Life is prolonged most by sodium chloride in pyloric obstructions 
when gastric distention is prevented by gastrostomy. Here there is 
loss of gastric seci'etions of which the chloride is the most important 
constituent. Replacement of this chloride loss would presumably permit 
of survival until starvation occurred were it not for the operative 
trauma. Continued removal of accumulated secretions in the stomach 
from rabbits with jejunal obstruction and the administration of sodium 
chloride solutions almost doubles the length of life of rabbits as com- 
pared with those having simple jejunal obstruction. 

The kidneys show little damage from intestinal obstruction. There 
is an increased output of urea in the urine during intestinal obstruction 
as well as the increase in the blood urea.® Evidently catabolic processes 
are forming waste products more rapidly than normal and more rapidly 
than the kidney can excrete the accumulating urea. The diminished 
chlorides may be the cause of this increased catabolism. Presumably 
there is no appreciable damage to the kidney following twenty-four 
hour alkalosis induced by the intravenous administration of sodium 
bicarbonate. The increased nonprotein nitrogen in the blood must then 
be accounted for by increased catabolism or by abnormal metabolism. 
The alkalosis accompanying intestinal obstruction may be the cause 
of part of the increase found in the nonprotein nitrogen. Such an 
explanation accounts for the rapid decrease in the nonprotein nitrogen 
found when solutions of sodium chloride are given to connect the 
alkalosis. 

CLINICAL APPLICATION 

Rabbits differ from human beings in many respects; nevertheless, 
certain conclusions seem warranted. 

The administration of isotonic or slightly hypertonic solutions of 
sodium chloride is of great value when measures are taken to insure 
the least possible increase above the normal intra-intestinal pressure. 
These measures include the release of the obstruction. The intestinal 
musculature in human beings does not regain its tone after distention 
so rapidly as in rabbits, so that simply releasing the obstruction may 
not reduce intra-intestinal pressure. When the obstruction is high, 
gastric lavage may diminish pressure sufliciently to restore muscle tone. 

6. Haden, R. L., and Orr, T. G. : Bull. Johns Hopkins Hosp. 34:26, 1923. 
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When a large part of the intestine is distended, it must be emptied, 
preferably by a method causing the least trauma. The intestinal con- 
tents need not be removed because of their toxicity, but they must be 
expelled to relieve pressure. In some instances the intravenous admin- 
istration of 25 per cent sodium chloride will stimulate peristalsis suf- 
ficiently to induce propulsion of intestinal contents and relieve undue 
pressure. It may be necessary to remove the contents mechanically as 
by aspiration with trocars at numerous levels. This procedure, in spite 
of all precautions, is likely to soil the peritoneal cavity and is accom- 
panied by the deleterious effects of trauma. A jejunostomy may be 
done, not to drain away all the secretions, but to relieve pressure suf- 
ficiently to permit of reabsorption of secretions. When intraintestinal 
pressure is low or has been reduced, it can be kept low b}^ measures 
that diminish secretion. Large doses of morphine inhibit peristalsis 
and diminish secretion and thereby aid materially in keeping intra- 
intestinal pressure low. Such measures will insure the greatest amount 
of reabsorption of secretions, and thus will aid materially in promoting 
recovery. 

Peritonitis is, in most instances, more dangerous because of the 
accompanying intestinal paresis than because of the toxicity of infec- 
tion. Similar methods of treatment are applicable. When there is 
little distention, the withholding of nourishment by the mouth dimin- 
ishes secretion. Morphine in liberal doses further decreases secretion 
so that the limited capacity for absorption is not overtaxed. Solutions 
of sodium chloride and of dextrose given intravenously restore any 
deficiency of blood chlorides to normal as well as supply nourishment. 

When there is considerable distention, jejunostomy will aid in 
reducing intra-intestinal pressure. The jejunostomy should be done 
so as to relieve excess pressure but not to afford complete drainage 
of gastric and duodenal secretions, for such complete drainage is as 
disastrous as continued paresis. 

SUJMMARY 

1. Rabbits recover more rapidly from intestinal obstruction if they 
are permitted to reabsorb the contents of obstructed intestine than 
when such contents are removed. 

2. Diminishing intra-intestinal pressure in obstructed bowel pro- 
longs the life of rabbits, because it diminishes secretions and promotes 
reabsorption. 

3. Increasing the intra-intestinal pressure in obstructed bowel 
shortens the life of rabbits, because it stimulates secretion and dimin- 
ishes reabsorption. 

4. The therapeutic value of solutions of sodium chloride increases as 
intra-intestinal pressure in the obstructed bowel diminisbes, and, con- 
r’ersely, the value diminishes as intra-intestinal pressure increases. 
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PROTOCOLS. PART I 


Rabbit 1— Duodenal obstnietlon— 1/21/27. 

Geniriil olct: 

Ro food for 48 hours; 

; water nd lib 


Before 

24 Hours after 

48 Hours after 


Obstnietlon 

Obstruction 

Obstruction 

Nonprotein nitrogen 

53 5 

50 5 

50 

Chlorides 

0 353 

0 370 

0 3S3 


Ethylene uncsthc«ia 10 ininuto' Obstruction, rubber bnnd, middle duodenum. Blood trom 
car. Water ad lib postopcrathelj. Killed after 18 hours. Obstruction not complete. 


Rabbit 8— Duodenal obstruction — 1/21/27. General diet; Ko food for IS hours; water ad Jib. 

Before 12 Hours after 3 Hours after 

Obstruction Obstruction Release 


Nonprotein nitrogen 62 1 221 6 242 

Chlorides 0 413 0 335 0 424 


Ethjlene anesthesia 12 minutes Obstruction, rubber band, middle duodenum. Blood 
from ear Bled with dllDculty after 12 hours. Rabbit cold Obstruction released In 12 hours 
Water ad lib postoperativelj . Pood 3 hours after iclease at which time rabbit seemed per- 
fectly healthy. Living and apparently healthy 1 week later. 


Rabbit 3— Duodenal obstruction— 1/31/27. General diet: No food lor 48 hours; water ad lib 


Nonprotein nitrogen 
Chlorides 


14 Hours iV. Hours 
Before Alter After 

Obstnietlon Obstruction Release 


29 Hours 
After 
Release 


3 Days 
Alter 
Release 


84 5 111 

0 430 0 SOf 


137 7 mo CDS 

0 KO 0 403 0 475 


Ethjlene anesthesia 12 minutes. Obstruction, rubber bnnd, middle duodenum. Blood from 
ear. Obstruction released alter 14 hours at which time rabbit was bled with dlfllculty. Water 
ad lib postoperatively Food 4% hours alter release at which time rabbit appeared perfectly 
healthy. Living and apparently healthy 1 week later. 


Rabbit 4— Jejunal obstruction— 1/31/27 General diet: No food for 48 hours; vrater ad lib 


22 Hours 



Before 

After 

29 Hours 

3% Hours 

35 Hours 

3 Days 


Obstruc- 

Obstruc- 

After 

After 

After 

After 


tion 

tIon 

Release 

Release 

Release 

Release 

Nonprotein nitrogen 

44 5 

1785 

207 8 

245 9 

170 5 

44 9 

Chlondes 

0 430 

0 399 

0 3C0 

0 897 

0 402 

0 4£e 


Ethjlene anesthesia 10 minutes. Obstruction, rubber bnnd, IS inches below beginning of 
jejunum Blood from car. Obstruction released after 29 hours Water ad lib postoperatively. 
Food 3^ hours alter release. Living and npparentlj’ healthy 1 week later. 


Rabbit 5 — Jejunal obstruction— 2/7/27. 

Before 

Obstruction 


General diet: No food lor 48 hours; water ad lib 


10 Hours After 1 Hour 
Obstruction After Release 


24 Hours 
Alter Release 


Nonprotein nitrogen. ... COG 103 

Chlorides 0 408 0 1G2 


84 5 SO 

0 483 0 498 


Ethylene anesthesia 10 minutes. Obstruction, rubber band, IS inches below beginning of 
jejunum Blood from car Obstruction released In 16 hours Water ad lib postoporatii ely. 
Food 1 hour after release Living and apparently healthy 1 week later. 


Rabbit 6— Jejunal obstruction— 2/7/27. General diet: No food for 4S hours; v.atCT nd lib 



Before 

16 Hours 

2 Hours 


Obstruction 

Alter Obstruction 

After Release 

Nonprotein nitrogen .. 

42 9 

137 9 

115 4 

Chlondes 

0482 

0 405 

0 482 


Ethylene anesthesia 10 minutes Obstruction, rubber band, 18 inches below beginning of 
jejunum Blood from ear Obstruction released in 1C hours "Water ad lib postoperatively. 
Food 2 hours after release Living and apparently licalthy 1 'ueek later. 


Rabbit 7 — Jejunal obstruction — 2/7/27 General diet: No food for 48 hours; water ad hb 
Before 15 Hours After 3 Hours 24 Hours 

Obstruction Obstruction After Release After Release 


Nonprotein nitrogen . . 53 5 115 2 90 9 31 

Chlorides 0 415 0 391 0 420 0 515 


Ethylene anesthesia 10 minutes. Obstruction, rubber band, IS Inches below beginning of 
jejunum Blood from ear. Obstruction released m 35 hours Water ad lib postoperatively. 
Food 3 hours after release Living and apparently healthy 1 week later. 
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Rabbit 8-Ileal obstruction-2/2t/27. General diet: Xo food for fS hours; rvatcr ad Jib. 

Before 43 Hours After G Hours 2 Days 

Obstruction Obstruction After Release After Release 


495 


Nonprotein nitrogen 
Chlorides 


39.5 

0.4S2 


214.3 

0.339 


223.4 

0.403 


2S5.7 

0.426 


Ethvicne anesthesia 8 minutes. Obstruction, rubber band, upper deum. Blood from ear. 
Ob'tructiori released in 43 hours. Water ad lib postoperatively. Food 0 hours after release. 
Rabbit died 4 days after obstruction from pneumonia. 


Rabbit 9 — lieal obstruction— 2/24/27. General diet; No food for 48 hours; water ad lib. 

Before 43 Hours After 49 Hours 2 Days 

Obstruction Obstruction After Obstruction After Release 


Nonprotcin nitrogen 

Chlorides 6.455 


173.3 17S.G 133.2 

0.419 0.508 


Ethylene anesthesia 8 minutes. Obstruction, rubber band, terminal ilMm. Blood from 
ear. Obstruction released in 49 hours. Water ad lib postoperatively. Food immediately 
after release. Rabbit died 1 week after release from adhesions producing partial intestinal 
obstruction. 


Rabbit 10 — Jejunal obstruction— 3/8/27. 

Before 

Obstruction 


General diet; Xo food for 48 hours; water ad lib. 


20 Hours After 
Obstruction 


5 Hours 
After Release 


40 Hours 
After Release 


Nonprotein nitrogen 44.4 78.9 123.7 

Chlorides 0.493 0.400 0.475 


39.6 

0.532 


Ethylene ancstlicsin 10 minutes. Obstruction, rubber band, third inch jejunum. Blood 
from ear. Obstruction released in 20 hours. Water ad lib postoperatively. Food 5 hours 
after release. Living and apparently healthy 1 week later. 


Rabbit ll~Jcjunal obstruction— 3/8/27. General diet: No food for 48 hours; water ad lib. 

24 Hours 

Before Obstruction After Obstruction 


Nonprotcin nitrogen 43.4 133.1 

Chlorides 0.502 0.409 


Ethylene anesthesia 10 minutes. Obstruction, rubber band, third inch jejunum. Blood 
from car. Obstruction released in 24 hours. Water ad lib postoperatively. Food immediately 
after release. Living and apparently h.ealthy 1 week later. 


Rabbit 13— Control operation— 3/29/27. General diet; No food for 48 hours; water ad lib. 

22 Hours 49 Hours 

Before Operation After Operation After Operation 


Nonprotcin nitrogen 37 47.9 3S.2 

Chlorides 0.46C 0.401 0.471 


Ethj’Icnc anesthesia 19 minutes. Abdomen was opened, intestines drawn out of abdominal 
cavity and replaced. There was considerably more manipulation of the intestines than usually 
occurs In producing obstruction. Biood from car. Rabbit made an uneventful recovery. 


Rabbit 14— Jejunal obstruction— 11/1/27. Weight 4V. pounds. General diet: No food for 48 
hours; water ad lib. 


Nonprotcin nitrogen 
Chlorides 


Before Obstruction 
44.1 
0.432 


24 Hours 

After Obstruction 
121.4 
0.370 


Contents 

Stomach and duodenal 


Weight, Gm. 
157.8 


Per Cent as NaCl 
0.200 


Total 

as NaCl, Gm. 
0.325 


'J tuinutes. Obstruction, umbilical tape, third inch jejunum. Blood 

34 hours after obstruction. Neither food nor water postoperatively. 
mere acre no signs of severe toxemia. Stoinaeb and duodenal contents removed. 


Rabbit 15-.lojunal obstruction-ll/]/27. Weight 31* pounds. General diet: No food for IS 
hours; water ad Iib. 


Nonprotcin nitrogen 
Chlorides 


Before Obstruction 

48.3 

0.429 


24 Hours 

Alter Obstruction 
145.1 
0.370 




Contents Weight, Gm. Per Cent as NaCl 

Stomach and duodenal 191,7 qojj 

Obstniction, umbilical tape, third inch jejunum Blood 

se™m' toienda Po^topcratlvelv No slgnf of 

^cven. toNcinUi. Stoinncli and duodenal contents removed. 


as XaCl. Gm. 
0.479 



496 


ARCHIVES OP SURGERy 


Rabbit 18— JcjunnI obstruction— 11/21/27. 
hours,' ivatcr nd hb. 


Xonprotein nitrogen 
Chlorides 


Weight 4% pounds. General diet: No food for 48 


20 Hours 

Before Obstruction After Obstruction 


32.4 

0.203 


120 

0.3-iC 


Kthylenc anesthesia 12 minutes. Obstruction, umbilical tape, third inch jejunum. Blood 
from ear. Rabbit hilled in 20 hours after obstnictlon. Neither food nor water postoperativcly. 


Rabbit lO—Jejunal obstruction— 11/21/27. 'Weight pounds. General diet: No food for 43 
hours; water ad lib. 

Before 2C Hours After 1 Hour 24 Hours 

Obstruction Obstruction After Release After Release 


Nonprotein nitrogen SS 103.4 12S.5 D1.2 

Chlorides 0.389 0.34C 0.4S3 0.453 


Ethylene anesthesia 15 minutes. Obstruction, rubber band, third inch jejunum. Blood 
from ear. Obstruction released in 20 hours. Neither food nor water postoperatively, until 
24 hours after release. Living and apparently healthy 1 week later. 


Rabbit 20— Control— 12/12/27. 
ad lib. 


Contents 


■Weight 5\i pounds. General diet: No food for 48 hours; water 


Weight, Gm. 


Per Cent Total 

ns NaCl as NaCl, Gm. 


Stomach and duodenal 253.5 0.310 0.470 

Intestinal 117.5 O.OGO 0.071 


Normal rabbit killed. Stomach and duodenal contents removed. Small and large intes- 
tinal contents removed. 


Rabbit 21— Jejunal obstruction— 12/20/27. Weight 4’/. pounds. General diet: No food for 4S 
hours; water ad Jib. 

Before 20 Hours After 2 Hours 24 Hours 

Obstruction Obstruction After Release After Release 


Nonprotcin nitrogen .. 51.8 1S0.2 180.7 1S7 

Chlorides 0.430 0.435 0.410 0.465 


Ethylene anesthesia 15 minutes. Obstruction, rubber band, third inch jejunum. Blno^ 
from ear. Obstruction released In 20 hours. Neither food nor water postoperatively until 2 
hours after release. Living and apparently healthy 1 week later. 


Rabbit 22— Jejunal obstruction— 12/20/27. Weight 5\\ pounds. General diet: No food for 48 
hours; water ad lib. 

Before 20 Hours After 
Obstruction Obstruction 


Nonprotein nitrogen ... 48.7 233.4 

Chlorides 0.44G 0.420 

Per Cent Total 

Contents Weight, Gm. ns NaCl as NaCl, Gm. 

Stomach and duodenal 192 0.212 0.407 

Intestinal CO 0.156 0.10.> 


Ethylene anesthesia 15 minutes. Obstruction, rubber band, third inch jejunum. 
blood from ear. Second from heart. Rabbit too sick to bleed nt 20 hours. Killed and bioou 
taken from heart. Stomach and duodenal contents removed. Small and large duodenal com 
tents removed. Neither food nor water postoperatively. A great deal of gas m stomach ana 
duodenum causing enormous distention. 


Rabbit 23— Control— 12/28/27. General diet. 

Per Cent 

Contents Weight, Gm. as NaCl 

Stomach and duodenal 139 0.457 

Intestinal 61.5 0.045 

Normal rabbit killed after regular feeding. Stomach and duodenal 
Small and large intestinal contents removed. 


Total 

as NaCl, Gm. 

0.G35 

0.02S 

contents removed. 


Rabbit 24— Jejunal obstruction— 2/9/28. Lettuce and bread diet 2 necks: 
hours; water ad lib. 

Before 
Obstruction 


26 Hours After 
Obstruction 


Nonprotein nitrogen 46.1 

Chlorides 0.49S 


109.5 

0.248 


No food for 48 
Hours 

After Release 

145 

0.211 


Contents 


Per Cent 
as NaCl 


Total 

as NaCl, Gm. 


Stomach 


weight, Gm. 

ICS 0.239 0.403 

Obstruction, rubber band, third inch jejumira. Blood 


Ethylene anesthesia 10 minutes. ohotme 

from ear. Stomach contents removed by catheter through esophagus 2G 119“'?, 

tion. Obstruction released. Neither food nor water postoperatively until 1% Jioiirs alter 

release. Living and apparently healthy 1 week later. 
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Eabl)it 2." — .Icjiinal obstruction— 2/9/2S. 
bours; irater ad lib. 


Before 

Obstruction 


Lettuce and bread diet 2 -sveeks: 


26 Hours After 
Obstruction 


Xo food for tS 


Xonprotein nitrogen... 
Chlorides 


111.5 

0.S19 


Per Cent Total 

Contents IVeight. Gtn. as KaCl as NaCi, Gm. 

Stomach la 0.193 0.3003 


Ethyienc ancstlicsia 10 minutes. Obstruction, rubber band, third inch jejunum. Blood 
from car Stomach contents removed by catheter through esophagus 20 hours after obstruc- 
tion. Obstruction released. Keither food nor water postoperatively until release of obstruc- 
tion. Living and apparently healthy 1 'vreel: later. 


Babbit 26— Jejunal obstruction— 2/16/2S. Lettuce 
hours: water ad lib. 


Before 

Obstruction 


and bread diet 3 weeks: 

24 Hours After 
Obstruction 


Xo food for 48 

2 Hours 
After Release 


Xonprotcin nitrogen 61.S 32S.S 135.3 

Chlorides 0.463 0.445 0.376 


Per Cent Total 

Contents IVeight, Gm. as XaCl as XaCI, Gm. 

Stomach 125.5 0.342 0.430 


Ethylene anesthesia 10 minutes. Obstruction, rubber band, third inch jejunum. Blood 
from car. Stomach contents removed by catheter through esophagus 24 hours after obstruc- 
tion. Ob.struction released. Xeither food nor water postoperatively until 2 hours after release. 
Living and apparently healthy 1 week later. 


Rabbit 27— Jejunal obstruction— 2'10/2S. Lettuce and bread diet 3 weeks; Xo food lor IS 
hours; water ad lib. 


Before 24 Hours After S Hours 

Obstruction Obstruction Alter Release 

Xonprotcin nitrogen 55.5 103.5 120 

Chlorides 0.505 0.420 0.413 

Per Cent Total 

Contents Weight, Gm. ns XaCI ns XaCl, Gm. 

Stomach 153 0.294 0.450 


Ethylene anesthesia 10 minutes. Obstruction, rubber band, third inch jejunum. Blood 
from ear. Stomach contents removed by catheter through esophagus 24 hours after obstruc- 
tion. Obstruction released. Xeither food nor water postoperatively until 3 hours after release. 
Living and apparently well 1 week later. 


Rabbit 28— Control— 2/1C/2S. Lettuce and bread diet 3 weeks: Xo food for 48 hours; water 
ad hb. 


At 48 Hours 
Starvation 

Xonprotcin nitrogen .. 50 

Chlorides 6.507 


At 72 Hours 
Starvation 

47 

0.49S 


Xormal rabbit starved to determine the otTects of special diet and starvation. 


Rabbit! 20— Jejuna! obstruction— 3/5/25— Wciglit 7 pounds. Lettuce and bread diet 2 weeks: 
AO food for 4S hours; water nd lib. 


Xonprotcin nitrogen 
Chlorides 


Belorc 

Obstruction 

40.S 

0.490 


24 Hours After 
Obstruction 

141 

0.3S0 


2 Hours 
Alter Release 

150 

0.350 


Contents 


Stomach 


Weight, Gm. 
155 


Per cent 
as XaCl 

0.256 


Total 

as XaCl, Gm. 
0.39S 


Ethylene anesthesia 21 min. Obstruction, rubber bnnd, third inch jejunum. Blood from 
oITl ^'°™ech contents removed by catheter through esophagus 24 hours after obstruction. 

Xeither food nor water postoperatively until 2 hours after release 
after supposetl release of obstruction. Tlicre was sufficient necrosis of the 
ooati uaii iroin too much prc.s«ure to cause partial obstruction at point ol constriction 
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Rabbit 30— Jejunal obstruction— 3/I2/2S. Wrigiit rjA poiinils. lA-ttuce and bread diet 3 weeks: 
Xo food for 48 hours; water ad ]lb. 

Reforc 21 Hours After 2 Hours 

Obstruction Obstruction After Release 


Nonprotcin nitrogen 39 103.S 80.3 

Chlorides 0.481 0.409 0.418 


Rtbyicne anesthesia 18 minutes. Obstruction, rubber band, third incli jejunum. Jejunum 
accidentally opened below point of obstruction and closed witli silk purse-string. There was 
considcrabic free fluid in abdominal cavity at time of operation. Blood from car. Obstruc- 
tion released in 21 hours. Neither food nor water postoperatively until 2 hours after release 
of obstruction. Living and apparently healthy 1 week later. 


Rabbit 31 — Jejunal obstruction— 3/12/2.S. Weight 4*A pounds. Lettuce and bread diet 3 weeks: 
No food for 48 hours; wafer ad lib. 


Before 24 Hours After 2 Hours 

Obstruction Obstruction After Release 

Nonprotein nitrogen B2.6 90 104.8 

Chlorides 0.C02 0.435 0.373 

Per Cent Total 

Contents Weight, Gm. as NaCl as NaOJ, Gm. 

Stomach 120 0.430 0.517 


Ethylene anesthesia 15 minutes. Obstnietion, rubber band, third inch jejuniun. Stomach 
contents removed by catheter through esophagus 24 hours after obstruction. Obstruction 
released and 150 cc. of distilled water plus 0.4 Gm. NaCi given by catheter through esophagus. 
Neither food nor water postoperatively until 2 hours after release. Blood from ear. Rabbit 
died 48 hours after release from partial intestinal obstruction. 


Rabbit 32— Jejunal obstnietion— 3/12/2'i. M’eigbt 7<A pounds. Lettuce and bread diet 3 weeks: 
No food lor 48 hours; water ad lib. 


Before 24 Hours After 2 Hours 

Obstruction Obstruction Alter Release 

Nonprotein nitrogen 91.2 192.5 • 87.8 

Chlorides 0.502 0.413 0.42C 

Per Cent Total 

Contents Weight, Gm. ns NaCl ns NnCI, Gm. 

Stomach 157 0.449 0.703 


Ethylene anesthesia 15 min. Obstruction, rubber band, third Ineh jejunum. Blood from 
ear. Stomaeh contents removed by catlictcr through csopliagus in 24 hours. Obstruction 
released and 150 cc. of distilled water plus 0.5 cc. concentrated HCl, the cblonne eontent of 
whlcl) is equal to 0.4 Gm. NaOl, given by catheter through csopliagus. Neither food nor water 
postoperatively until 2 hours alter release. Living and apparently well 1 week later. 


Rabbit 33— Jejunal obstruction— 3/12/2S. 
No food for 48 hours; water ad lib. 

Before 

Obstruction 


Weight 7‘A pounds. Lettuce and bread diet 3 weeks: 


24 Hours 2 Hours 
After After 

Obstruction Bclease 


20 Hours 44 Hours 
After After 

Release Release 


Nonprotem nitrogen C2.3 ICO 1D2 201 217 

Chlorides 0.442 0.307 0.297 0.343 0.363 


Ethylene anesthesia 15 minutes. Obstruction, rubber band, third Incli jejunum. Blood 
from ear. Stomach contents removed ' ' - --> -tophagus in 24 hours. Ubstr^c* 

tion released. Neither food nor water rstruction was released. Anima 

allowed distilled water ad lib until 20 1: given f(md. Died C da 5 'S niie 

obstruction. Slight consolidation of one lung. No other cause of death found. 


Rabbit 34— Jejunal obstruction— 3/2G/28. 
No food for 48 hours; water ad lib. 


Before 

Obstruction 


Nonprotcin nitrogen 51.5 

Chlorides 0.479 


■Weight 5 pounds. Lettuce ’and bread diet 2 weeks: 


24 Hours 2 Hours 
After After 

Obstruction Release 


20 Hours CS Hours 
After After 

Release Release 


120 

0.435 


134 

0.403 


250 

0.419 


G3 

0.-195 


Per Cent 

Contents Weight, Gm. as NnCl asLaCl, Gm. 

Stomach 301 0.107 O.IOS 


Ethylene anesthesia 35 minutes. Obstruction, third inch jejunum, rubber 
from car. Stomach contents removed by catheter through esophagus in 24 hours. UDScrat 
tion released. Neither food nor water postoperativcJy until obstruction was ® t 
allowed distilled water ad lib imtii 20 hours after release, then food and water. j-ii\jng 
apparently healthy 1 week Inter. 
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■weeks: 


N'onprotcin nitrogen 
Chlorides 


2 Honrs 
After 
Release 

0.435 


20 Honrs 
Alter 
Release 
183.5 
0.45'2 


RabWt r>-.Ie3onal ot)straction-3/2C/2S. IVeighr 5 pounds. lettuce and bread diet 2 
Xo food lor 4S hours; -water ad lib. 

24 Hours 

Before After 

Obstruction Obstruction 

00 120 

0.402 0.440 

rthvlene anesthesia 15 minutes. Obstruction, rubber band, third inch jejuna 
from car Attempt to remove stomach contents in 24 hours 'vas unsuccessful. Obstruction 
relca=cd. Kcithcr food nor water postoperatlvely until stomach was rclea^. 
ad lib until 20 hours after release, then food and water. It is pos-ible that the ob.truction 
in this animal was incomplete which would account for the peculiar figures and abo for the 
unsuc^sful attempt to remove stomach contents. Hiving and apparently healthy 1 week 
later. 


65 Hours 
After 
Release 

27 

0.45-2 
Blood 


Rabbit 40 — Jejunal obstruction — i/O/'lS. Weight 6 pounds. Lettuce 
Xo food for 4S hours; water ad lib. 

24 Hours 2 Hours 
Before Alter After 

Obstruction Obstruction Release 


Xonprotcin nitrogen 51.2 152.C 

Chlorides 0.523 0.347 0-4 — 

Per Cent 

Contents Weight, Gm. as XaCl 

Stomach 158 0.395 


and bread diet 3 weeks: 

18 Hours 42 Hours 
After After 

Release .Release 

150 54 

0.335 0.561 

Total 

as XaCl, Gm. 
0.625 


Kthyicne anesthesia lo minutes. Obstruction, rubber band, third inch jejunum. Blood 
from ear. Stomach contents removed by catheter through esophagus in 24 hours. Impossible 
to empty stomach completely. Obstruction released and 150 cc. of distilled water plus 0.0 Gm. 
XaCl given by catheter through esophagus. Xcither food nor water postoperatlvely until 
2 hours after relca.se, then distilled water ad lib until 18 hours after release, then food and 
water. Living and apparently healthy 1 week later. 


Rabbit 41— Jejunal obstruction. 4/9/28. Weight 7 pounds. Lettuce and bread diet S weeks: 
Xo food for 48 hours; water ad lib. 

24 Hours 2 Hours 18 Hours 42 Hours 
Before After After After After 

Obstruction Obstruction Release Release Release 


Xonprotcin nitrogen 40 lic.2 10 ' 100 169 

Chlorides 0.500 0.370 0.439 0.503 0.505 

Per Cent Total 

Contents Weight, Gm. os XaCl as XaCl, Gm. 

Stomach 215 0.3-17 0.704 


Ktbylenc anesthesia 10 minutes. Obstruction, rubber band, third inch jejunum. Blood 
iroom car. Stomach contents removed by catheter through esophagus in 21 hours. There 
was consldorahle gas in the stomach. Obstruction released. 150 ce. distilled water containing 
HCl equivalent to 0.6 Gm. XaCl given by catheter through esophagus. Xcither food nor water 
postoperatlvely until 2 hours after release, then distilled water ad lib until 18 hours after 
release, then food and water. Rabbit developed pneumonia and died 66 hours after release 
which probably accounts for the high X.P.X. noted at 42 hours after release. 


Rabbit 42— Jejunal obstruction— 4/9/28. 
Xo food for 48 hours; water ad lib. 

Before 

Obstruction 


Weight 5 pounds. Lettuce and bread diet 3 weeks: 


24 Hours 2 Hours 
After After 

Obstruction Release 


IS Hours 
After 
Release 


42 Hours 
-■Vftcr 
Release 


Xonprotcin nitrogen 
Chlorides 


45.8 ICS 

0.500 0.307 


105 100 

0.424 0.424 


o7.5 

0A03 


„ , Per Cent Total 

Contents Weight, Gm. as XaCl as XaCl, Gm. 

Stomach j 5 q 0.328 0.520 


I.tliy.'cne .mesthcsla 12 minutes. Obstruction, rubber band, third inch jejunum. Blood 
Iroin ear. Stornaeh contents removed by catheter through esophagus in 24 hours. Obstruc- 
4eieased. 150 ce. distilled water plus O.C Gro. XaCl given by catheter through esophagus, 
-Nritner food nor water postoperatlvely until 2 bouts alter release, then distilled water ad 
m> unill IS hours after release, tiicn food and water. Living and apparently healthy 1 week 


Rabbit 61— Jejunal obstruction— 5/15/23 
hours; water ad lib. 


Weight 514 pounds. 


General diet: Xo food for 45 


Xonprotcin nitrogen .. 

Clilorides 

-Uknli reserve 


Betorc 

Obstruction 


0.563 


24 Hours Alter 
Obstruction 

119.1 

0.443 

£2.4 


I.thyPne anesthesia c minutec. 
Wood irom car. second from heart, 
was fomcKhat clotted. Xcither food 


Obstruction, umbilical tape, third inch jejunum. Tlr^t 
Bled from heart and killed in 24 hours. La^t blood 
nor water postoperatlvely. 
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Rabbit C2— Jejunal obstruction— 5/15/2S. 
hours; water ad lib. 

Before 

ObstriJctJon 

Wclelit CYi poiimls. General diet: Xo food for IS 

21 Hours After 

Obstruction 

Nonprotcin nitrogen ... 

40.2 

JS7 

Chlorides 

0.440 

0.194 

Alkali reserro 


83.7 


ICthylcne anestliesin G miinitcs. Obstruction, umbilical tape, third inch jejunum. First 
blood from oar, second Irom heart. Bled and killed in 21 hours. Xeitlicr food nor water 
postoperativoly. 


Babbit 70— TJea] obstruction— 7/2/2>. Weight pounds, 
hours; water ad lib. 

Before 21 Hours After 
Obstruction Obstruction 


Xonprotein nitrogen .. 45.1 

Chlorides 0.400 

Alkali reserve 


SS.7 

0.115 

12a 


Gcncrii] diet; Xo food for 


Ethylene anesthesia G minutes. Obstruction, umbilical tape, terminal ileum. First blood 
from car, second from heart. Bled and killed in 2^1 hours. Almost no distention. Very 
hot day. Neither food nor water postopcrativelj’. 


Rabbit 71— Jejunal obstruction— 7/2/2S— Weight pounds, 

hours; water ad lib. 


Before 

Obstruction 


24 Hours After 
Obstruction 


Nonprotein nitrogen ... 41.3 

Chlorides 0.4SS 

Alkali reserve 


152.C 

0.120 

CO 


General diet: No food for JS 


Ethylene anesthesia C minutes. Obstruction, umbilical tape, third inch jejunum. First 
blood from oar, second from heart. Bled and killed in 24 hours. Slight distention. Very 
hot day. Neither food nor water postoperativcly. 


Rabbit 75 — Jejunal obstruction— 7/0/2S. Weight 4i4 pounds. Lettuce and bread diet 4 weeks; 
No food for 4S hours; water ad lib. 

Before 24 Hours 30 Hours 


Obstruction Obstruction Obstruction 

Nonprotein nitrogen 53 142.8 172.4 

Chlorides 0.441 0.40-1 O.S79 

Per Cent Total 

Contents Weight, Gm. as NaCl as NaCl, Gm. 

Stomach and duodenal 300 0.004 1.148 


Ethylene anesthesia C minutes. Obstruction, umbilical tape, third inch jejunum, 
two blood from car, tliird from heart. Bied and kilied in SO hours. Storaacli and duoaenai 
contents removed. Rabbit very sick. Neither lood nor water postoperativcly. 


Rabbit 78 — Jejunal obstniction— 7/23/23. Weight 4>^ pounds. Lettuce and bread diet 2 weeks: 
No food for 48 hours: water ad lib. 

Before 24 Hours After 


Nonprotein nitrogen .. 
Chlorides 

Obstruction 

SS.9 

0.458 

Obstruction 

342 

0.S9G 

Per Cent 

Total 

Contents 

Weieht, Gm. 

as NaCl 

as NaCl, i 

stomach and duodenal... 


222 

0.334 

0.7J1 


Ethylene anesthesia 5 minutes. Obstruction, third inch jejunum, umbilical tape. 
blood from ear, second from heart. Bled and killed in 24 hours. Stomach and duodena 
contents removed. Rabbit not extremely sick. Neither food nor water postoperativeiy. 


Rabbit No. 79— Ileal obstruction— 7/23/28. Weight 4^ poimds. 
weeks: No food for 48 hours; water ad lib. 

Before 21 Hours After 
Obstruction Obstruction 


Lettuce and broad diet 2 


Nonprotein nitrogen 
Chlorides 


G5.2 

0.475 


104 

0.420 


Contents 

Stomach and intestinal 


Weight, Gm. 
96 


Per Cent 
as NaCl 
0.370 


Total 

as NaCl, Gm. 


Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, terminal ileum. F , 

from oar, second from heart. Bled and killed In 24 hours. Stomach and smai 
contents removed. Rabbit not very sick. Neither food nor water postoperatwei^ . 

Before 26 Honrs After 2 Hours 

Obstruction Obstruction After Release After Release 
179.3 163.5 127.3 


Nonprotein nitrogen. . . . 
Chlorides 


49.5 

0.538 


0.495 


0.501 


0.50S 
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Eabbit 81 -Jejunal obstruction-9/19/29. Lettuce and bread diet 4 vreebs: Ko food for 4S 
hours. . . . 

Keftlier 'food nor water postoperatively until 22 hours after release of obstruction. Living and 
apparently healthy 1 week later. 


PART II 


Rabbit 32 — Jejunostomy— 3/29/27. General diet; Ko starvation. 

21 Hours 

Before 
Operation 

38 


Xonprotein nitrogen 
Chlorides - 


0.145 


After 

Operation 

61.1 

0.500 


Ethylene anesthesia 20 minutes. Jejunostomy, third inch ji^unum, by severing towe'- 
inserting rubber tube in proximal end and bringing it out through belly rvall; distal end tma 
off and inverted by purse string. Blood from ear. Babbit died in 36 hours. Jejunostomy 
functioned fairly rvell. Food and rvater allowed throughout piocedure. 


Babbit 16 — Jejunostomy— 11/7/27. 
water ad lib. 


IVeight 4'yt pounds. 


25% Hours 


Before After 

Operation Operation 


General diet: 


Konprotcin nitrogen ... 
Chlorides 


Contents 


43.1 188 

0.120 0.317 

Per Cent 

. IVeight, Gm. as NaCl 


No food for 4S hours; 


Total 

as NaCl, Gm. 


Stomach and duodenal 


39.5 (which equals no chlorides) 


Ethylene anesthesia 20 minutes. Jejunostomy, third inch jejunum, by severing bowel, 
inserting rubber tube in proximal end and bringing it out through belly wall; distal end tied 
off and inverted by purse string. Blood from car. Babbit killed in 25% hours. Stomach and 
duodenal contents removed. Excellent functioning of jejunostomy. Rabbit fairly sick when 
killed. Neither food no water postoperatively. 


Rabbit 17— Jejunostoms’— 11/7/27. IVelght 4% pounds, 
water ad lib. 


25% Hours 

Before After 

Operation Operation 


Nonprotcln nitrogen ... 52.1 

Chlorides 0.450 


198 

0.310 


Contents 


■Weight, Gm. 


General diet: 


Per Cent 
as NaCl 


No food for 4S hours; 


Total 

as NaCl, Gm. 


Stomach and duodenal 49.5 (which equals no chlorides) 

r.riiylcne anesthesia 20 minutes. Jejunostomy, third inch jejunum, by severing bowel and 
^ituring wall of proximal end to skin edge; distal end tied off and inverted by purse string. 
I irst blood from car; second -from heart. Rabbit killed in 25% hours. Stomach and duodena] 
contents removed. Good functioning of jejunostomy. Rabbit fairly sick. Neither food nor 
water postoperatively. 


Rabbit C3— Beal obstruction— 5/1D/2S. Weight 5 pounds. General diet: No food for 4S hours; 
water ad lib. 


Nonprotcin nitrogen ... 

Clilorides 

Alkali reserve 


Before 

Obstruction 


24 Hours After 
Obstruction 


39.2 52.2 

0.521 6!452 

74.9 


l-.lhylonc anesthesia S minutes. Obstruction, uinbilical tape, terminal ileum. Given 100 ce 
water by catheter through esophagus immediately after obstruction. First blood from ear, 
1^'ed.and killed in 21 hours. Last blood slightly dotted. Almost no dis- 
tention. Rabbit not obviously sick. Neither food nor water postoperatively. 


Rabbit Ol-Ileal obstruction-5/15/23. Weight 4% pounds, 
water ad lib. 


Nonprotein nitrogen ... 

Chtolidos 

Alknii rc'cn'c * 


Before 

Obstruction 


24 Hours After 
Obstruction 


4S 77.7 

0.515 0.SG3 

S3,7 


General diet: Xo food lor 4S hours; 


anesthesia S minutes. Obstruction, umbilical tape, terminal ileum. First blood 
oVtI,'r from heart. Given lOO cc. water by catheter through esoplingiis immcdi-itelv 

?ol7oKrat™ly.'’- “ ^'^itl'er'^food nor water 
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Bubbit 03— Je.timostomy— G/27/2S. Weight 5^6 pounds. Gcncrnl diet: Xo food for tS hours; 
water nd lib. 

Before Operation 

Nonprotein nitrogen 30.S 

Chlorides O.IOS 

Ethylene nnesthe.sin 20 minutes. JcJiinostomj', third Incli jejunum, by severing bowel, 
inserting rubber tube in proximal end and bringing It out throiigb belly wall; distal end tied 
off and Inverted by purse string. Blood from car. Babbit died 10 hours after operation 
beenusc of leak into peritoneal cavity. Allowed water postopcratlvely. 


Babbit 09 — Ilcnl obstruction— 7/2/2S. Weight pounds. General diet: No food for -IS hours; 
water ad lib. 


Nonprotein nitrogen ... 

Chlorides 

Alkali reserve 


Before 

Obstruction 


2t Hours After 
Obstriietlon 


■lO.S 70 

O.SOO 0.372 

92 


Ethylene .anesthesia C minutes. Obstnietion, umbilical tape, terminal Ileum. First blood 
from ear, second from heart. Given 100 cc. water by catheter through esophagus immediately 
after obstruction and the same amount at 2, 4 and C hours after obstruction. Bled and killed 
in 24 hours. Not much distention. Very hot day. Babbit not especially sick. Neither food nor 
water postopcratlvely. 


Babbit 72— Ileal obstruction— 7/2/2S. Weight 4’/. pounds. General diet; No food for 4S hours; 
water nd lib. 


Before 

Obstnietion 


24 Hours After 
Obstruction 


Nonprotcin nitrogen ... 57.1 74 

Chlorides 0.021 0.417 

Alkali reserve S3 

Ethylene anesthesia 0 minutes. Obstruction, umbilical tape, tcnnlnal ileum. First bipod 
from oar, second from heart. Given lOO ce. water by catheter through esophagus immediately 
after obstruction and the same amount 2. 4 and 0 hours after obstruction. Bled and killed 
In 24 hours. Little distention. Very hot day. Babbit not especially sick. Neither food nor 
water postoperativciy. 


Babbit 73— Jejunal obstruction- 

■7/9/28. Weight 4% pounds. Lettuce nnd 

bread diet 4 weeks; 

No food for 48 hours; water ad Hb. 

Before 

24 Hours After 

SO Hours .After 


Obstruction 

Obstruction 

Obstruction 

Nonprotein nitrogen 

51 

103.9 

2222 

Chlorides 

. 0.125 

0.400 

0.390 

stomach Contents 

Weight, Gm. 

Per Cent 
ns NnCI 

Total 

as NnCI» Gm, 

At 8 hours 

CO 

0.400 

0.323 

At 16 hours 

GG 

0.3GC 

0.220 

At 24 hours 

45 

0.544 

0.^5 

At 30 hours 

10 

9.490 

0.05 


Ethylene anesthesia G minutes. Obstnietion, umbilical tape, tliird inch jejunum, I^pst tuo 
bloods from car, third from heart. Stomach contents removed by catheter through esopnagus 
at 8, IG and 24 hours after obstruction. Bled, killed and stomach and duodenal tputenes 
removed 30 hours after obstnietion. There was no distention of stomach and very little or 
duodenum. Babbit had infected jaw. Neither food nor water postopcratively. 


Babbit 74-J'ejunaI obstruction— 7/9/28. Weight 4% pounds. Lettuce and bread diet 4 weeks: 
No food for 4S hours; water ad Jlh. 



Before 

24 Hours After 

so Hours After 


Obstruction 

Obstruction 

Obstruction 

Nonprotein nitrogen 

36.2 

109.2 

154 

Chlorides 

0.439 

0.401 

o.3yti 



Per Cent 

Total 

Contents 

Weight, Gm. 

ns NaCI 

as NaCI, Gm. 

At 8 hours; stomacli 

05 

0.49S 

0.324 

At 16 hours; stomach 

GG 

0.501 

0.331 

At 24 hours; stomach 

43 

0.4G5 

0.200 

At 30 hrs.; stomach and duodenal. 

20 

0.340 

0.08 


Ethylene anesthesia C minutes. Obstruction, umbilical tape, third Inch jejunum. 
bloods from car, third from heart. Stomach contents removed by catheter through esopnagus 
at S, IG and 24 hours after obstruction. Bled, killed and stomach and duodenal contents 
removed 30 hours after obstruction. Jfo distention, of stomach; very slight distention 
duodenum. Xeither food nor water postopcratlvely. 
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Rabbit re-JcjunnI obstruction-7/9/2S. Weight 4% Pounds. Lettuce and bread diet 4 tveeks: 

Ko food lor 4S hours; water ad bb. 

Before 21 Hours After SO Hours After 

Obstruction Obstruction Obstruction 

..... vtq 129.8 157.S 

Nonprotcm nitrogen 0 3^9 

Chlondes 


Contents Weight, Gm. 

At 30 hrs.; stomach and duodenal.. 286 


Per Cent 
as NaCl 

0.330 


Total 

as NaCl, Gm. 
1.018 


Ethylene anesthesia 0 minutes. Obstruction, umbilical tape, third inch jejunum. I^ltst 
two bloods from ear, third from heart. Given 100 cc. water by catheter through esophagus 
at 8 hours and again at 10 hours after obstruction. Given 75 cc. water by catheter through 
esophagus at 21 hours alter obstruction. Bled, hilled and stomach and duodenal copWPts 
removed at 30 hours after obstruction. Rabbit very sich. Considerable distention. Neither 
food nor water postoperativcly. 


Rabbit 77-Jejunal obstructiQn-7/23/28. Weight 4 pounds. Lettuce and bread diet 2 weeks: 
No food for 48 hours; water ad lib. 

Before 19 Hours After 
Obstruction Obstruction 


Nonprotcin nitrogen ... 58.8 200 

Chlorides 0.502 0.310 

Per Cent Total 

Contents Weight, Gm. ns NaCl ns NaCl, Gm. 

Stomach and duodenal 188 0.2G1 0.491 


Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, third inch jejunum. First 
blood from car, second from heart. Given 100 ce. liquid albolcne by catheter through esophagus 
immediately alter obstruction and again 7 hours after obstruction. Dying, bled and killed 
19 hours after obstruction. Stomach and duodenal contents removed. 200 eo. nlbolene dis- 
carded, the weight of stomach and duodenal contents being that left after removal of albo- 
Icnc. Neither food nor water postoperativcly. 


Rabbit 80— Ileal obstruction— 7/23/28. Weight 4% pounds. Lettuce and broad diet 2 weeks; 
No food for 48 hours; water ad lib. 

Before Obstruction 


Nonprotein nitrogen 43.3 

Chlorides 0.492 


Per Cent Total 

Contents Weight, Gm. as NaCl as NaCl, Gm. 

Stomach and intestinal 160 0.286 0.458 


Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, terminal ileum. Blood from 
ear. Given 100 cc. liquid albolenc by catheter through esophagus immediately after obstruc- 
tion and again 7 hours later. Given 75 cc. glycerin by catheter through esophagus 11 hours 
after obstruction. The glycerin was given by mistake instead of albolene. Rabbit died dur- 
ing night. Considerable hemorrhage Into stomach. Stomach and duodenal contents removed 
a few hours after death. Neither food nor water postoperativcly. 


Rabbit 85— Jejunal obstruction— 9/20/28. 

Before 

Obstruction 

Nonprotein nitrogen .. 53.7 

Chlorides 0.467 


General diet: No food for 48 hours; water ad lib. 

22 Hours After 
Obstruction 


122 

0.430 


Ethylene anesthesia 6 minutes. Obstruction, umbilical tape, third inch jejunum. Eirst 
blood from car, second from heart. Given 120 cc. liquid albolene by catheter through 
esophagus immediately alter obstruction. Bled and killed 22 hours after obstruction. Fairly 
sick. Neither food nor water postoperativcly. 


Rabbit 86— Jejunal obstruction— 9/20/28. General diet: No food for 48 hours; water ad lib. 


Nonprotcin nitrogen ... 
Chlorides 


Before 

Obstruction 


22 Hours Alter 
Obstruction 


49.6 177 

0.512 0.429 


nnosthcsia 6 minutes. Obstruction, umbilical tape, third inch jejunum. First 
mood from car, second from heart. Given 120 cc. of stomach contents (obtained from rabbit 
S3 by catheter through esopliagus 24 hours after jejunal obstruction) by catheter through 
esophagus Immediately after obstruction. Stomach contents used within 1 hour after remova' 
Itom rabbit .83. Bled and killed 22 hours after obstruction. Rabbit fairly sick. Neither food 
nor water postoperatlvely. iM-iuier loou 
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Rabbit S7— Jojminl obstruction— D/20/2S. 

Bclorc 

Obstruction 


Genera] diet: No lood for IS hours; water ad lib. 
22 Hours Alter 
Obstruction 


Nonprotein nitrogen ... CO 203 

Chlorides 0.50S 0.130 


rthyicno anesthesia C minutes. Obstruction, umbilical tape, third inch jejunum. First 
blood froin oar, second from boart. Given 120 cc. of ^tom^lcIl contents (obtained Uom rabbit 
SI by catheter Uirough csopliagtm 21 hours after jejunal obstruction) by catheter through 
esophagus juimcdlatelj' after obstnict/on. Stomach contents used ^Uthln 1 hour after removal 
from rabbit SI. Bled and hilled 22 hours after obstruction. Babbit fairly sick. Neither food 
nor ■water postoperatlvcly. 


Rabbit 8S— Ileal obstruction— 9/23/2S. tVeight 5 pounds. General diet; No food lor 4S hours; 
water nd lib. 

Before Obstruction 


Nonprotcin nitrogen 30 o 

Chlorides 0.-192 


Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, terminal ileum. Blood from 
car. Given 380 cc. liquid alboleno by catheter througli esophagus immediately after obstruc- 
tion. Giv'cc 300 cc. liquid nlboJcne by catheter through esophagus 8 hours after obstruction. 
Rabbit died during- night; greatly distended, oil filling entire small intestine. Neither food 
nor %vatcr postopcrativcly. 


Rabbit SO-Ilcal obstruction— 9/23/28. Woiglit 4V. pounds. General diet: No lood for 48 
hours; ‘water ad lib. 

Before 22*^ Hours After 
Obstruction Obstruction 


Nonprotcin nitrogen ... 48.3 160 G 

Chlorides 0.50S 0.3C9 

Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, terminal ileum. First blood 
from car, second from heart. Given 180 cc. liquid albolcnc by catheter through esophagus 
immediately " "’ ■* *' ■■ ven lOO cc. liquid clbolcne bi' catheter through esophagus 

S hours aft( bled and killed 22V^ hours after obstruction. Enormous 

distention. * ■ postoperatlvcly. 


Rabbit DO—Ileal obstruction— 9/25/2$. Weight 4y* pounds. General diet: No food for 48 hours; 
■water ad lib. 

Before 22J/^ Hours After 
Obstniction Obstruction 
Nonprotcin nitrogen ... 40.1 87.3 

Chlorides 0.493 0.475 

Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, terminal Ileum. First blood 
from ear, second from heart. Given ISO cc. stomach and duodenal contents (obtained from 
rabbit obstructed at third inch jejunum for 22 hr.) by catheter through esophagus immedi- 
ately after obstruction. Given 100 cc. stomach and duodenal contents (obtained from rabbit 
obstructed at third inch jejunum for 2G hours) by catheter through esophagus G hours after 
obstruction. The stomach and duodenal contents ■\\crc obtained from rabbits obstructed the 
previous day, killed at the end of 22 and 2G bours respectively, and their stomach and 
duodenal contents removed. The contents were used for ingestion into rabbit 90 withm i 
hour after the death of the respective rabbit. Bled and killed 22V^ hours after obstruction. 
Fairly sick but not nearly so much distention as was noted in SS, £9, 91. Neither food nor 
water postoperatlvcly. 


Rabbit 91— Ileal obstruction— 9/25/28. Weight 41^ pounds, 
water ad lib. 


Before 22% Hours After 
Obstruction Obstruction 


General diet: 


No food for 48 hours; 


Nonprotein nitrogen ... 50.1 157.7 

Chlorides 0.512 0.43S 

Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, terminal ileum. First blood 
from ear, second from heart. Given 180 cc. liquid albolcnc by catheter through esophagus im- 
mediately after obstruction. Given 100 cc. liquid albolene by catheter through esophagus 
hours after obstruction. Bled and killed 22% hours after obstruction. Rabbit very sick. 
Greatly distended. Neither food nor w'ater postopcrativcly. 


Rabbit 92 — Jejunal obstruction— 9/27/2S. 
hours; ■^vater ad lib. 

Before 

Obstruction 


Weight 4% pounds. 

24 Hours After 
Obstruction 


General diet; No food for 48 


Nonprotein nitrogen ... 4G.1 

Chlorides 0.515 


132.C 

0.4G9 


Ethylene anesthesia 15 minutes. Obstruction, umbilical tape, third inch 
trostomy by opening stomach through a •wide Incision and suturing mucous memDranc o 
skin. Blood from ear. Died between 32 and 34 hours after operation. Stomach drained wci 
so that there was no distention of stomach and very little of duodenum. Very little pen on i 
reaction. Water ad lib postopcratfvely. No food. 
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Rabbit 9 i-Control operation-10/9/28. IVciEht 5 pounds. General diet-. No iood tor 48 bouts; 

water ad lib. Before 21 Hours After 10 Hours After 

Obstruction Obstruction Obstruction 

... 40.5 53 48.7 


Nonprotein nitrogen 
Chlorides 


0.4G2 


0.4C2 


0.479 


Ethvlene anesthesia 10 minutes. Anterior stomach wall sutured to anterior abdominal 
wall. Blood from ear. 'Water ad lib postoperatively; food after 40 hours. Rabbit living and 
apparently healthy 1 week later. 


Rabbit 95— Pyloric obstruction— 10/9/2S. 'Weight 4% pounds. General 


hours; water ad lib. 


Before 

Obstruction 


21 Hours After 
Obstruction 


diet: No food for IS 

2S Hours After 
Obstruction 


Nonprotcin nitrogen 46-1 

Chlorides h-440 


2C2 

0.317 


232.5 

0.330 


Ethylene anesthesia 15 minutes. Obstruction, umbilical tape, pylorus. Gastrostomy by 
opening stomach through a wide incision and suturing mucous membrane to skin. There was 
considerabic bieeding from incised stomach which was finally controlled by many sutures. 
First two bloods from car, third from heart. Dying, bled and killed 2S hours after operation. 
There was a slight amount of hemorrhage around the pylorus and a small hematoma of the 
stomach wall. Very little peritoneal Irritation. 'Water ad lib postoperatively. No food. 


Rabbit 9J— Pyloric obstruction— 10/9/28. Weight 4% pounds. General diet; No food for 48 
hours: water ad lib. 

Before 24 Hours After 44 Hours After 

Obstruction Obstruction Obstruction 


Nonprotein nitrogen 50 103.C 243.9 

Chlorides 0.420 O.SGG 0.257 


Ethylene anesthesia 15 minutes. Obstruction, umbilical tape, pylorus. Gastrostomy by 
opening through a wide incision and suturing mucous membrane to skin. First two bloods 
from oar, third from heart. Dying, bled and killed 44 hours after operation. Very little 
peritoneal Irritation. Water ad lib postoperative!}’. No food. 


Babbit 97— Control operation— 10/9/2S. 
hours; water ad lib. 


Weight 4% pounds. General diet: No food for 48 

Before 24 Hours After 46 Hours After 

Operation Operation Operation 


Nonprotcin nitrogen 40 60 54.9 

Chlorides 0.478 0.470 0.479 


Ethylene anesthesia 10 minutes. Anterior stomach wall sutured to anterior abdominal 
wall. Blood from ear. Water ad lib postoperatively. Food after 46 hours. Living and 
apparently healthy l week later. 


Rabbit 102— Jejunal obstruction— 11/1/28. Weight 4% pounds. General diet: No food for 48 
hours; water ad lib. 

Before Obstruction 


Nemprotein nitrogen 50.8 

Chlorides 0.482 


Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, third inch jejunum. Given 
1-0 cc, 0.0 per cent Na_Cl by catheter through esophagus immediately after obstruction. Blood 
from ear. Died ' during night from ruptured duodenum. Neither food nor water post* 
operatively. 


Babbit 103-llcal obstruction— 11/1/2S. Weight 4% pounds. General diet; No food for 48 
hours; water ad lib. 

Before 22% Hours After 
Obstruction Obstruction 
Nonprotein nitrogen ... 46 JIC 

Chlorides 0.475 0.424 


anesthesia 5 minutes. Obstruction, umbilical tape, terminal ileum. First blood 
from heart. Given ISO cc. stomach and duodenal contents (obtained from 
' Y*^ ' I'ljjpn' obstruction at 20 hours) by catheter through esophagus immediately after 
100 cc. stomach and duodenal contents (obtaincQ from rabbit with 
hours) by catheter through esophagus 5 hours after obstruction. 
'^“Odenal contents were obtained from rabbits obstructed at third inch of 
D C previous day and were used lor rabbit 103 within 1 hour after the death of the 
Not^vc% ^I'k °*>®‘™otion. Neither food nor water postoperatively! 
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Pabbit 101— Jcjiinnl obstruction— n/l/2S. Weight 4^4 pounds. Gcncrnl diet: Xo food for 48 
hours; water nd lib. 

Hcforc Obstruction 


Xonprotcin nitrogen 55.2 

Chlorides 0.492 


Etliylcno anesthesia 5 minutes. Obstruction, umbilical tape, third inch jejunum. Given 
120 cc. stomach and duodenal contents (obtained from rabbit with jejunal obstruction for 
2C hours) by catheter through esophagus immediately after obstruction. Stomach and 
duodenal contents used were obtained from rabbit obstructed the previous day and were 
used within 1 hour, after the death of the rabbit. Blood from car. Died during night. 
Neither food nor water postoperativcly. 


Babbit 105— Jejunal obstruction— 11/1/28. 
hours; water nd lib. 


Before 

Obstruction 


Weight 45y4 pounds. General diet: No food for 48 

20 Hours After 
Obstruction 


Nonprotein nitrogen ... 51 

Chlorides 0.515 


105 

0.2SC 


Ethylene anesthesia 5 minutes. Obstruction, umbilical tape, third Inch jejunum. Given 
120 cc. liquid albolene by catheter through esophagus Immediately after obstruction. First 
blood from ear. Second from heart. Dj-Jng, bled and killed In 20 hours. Neither food nor 
water postoperativcly. 


FART III 


Babitt 30— Jejunal obstruction — 4/2/28, Weight 4% pounds. Lettuce and bread diet for 3 
weeks: No food for 48 hours; water ad lib. 


Before 

Obstruction 


24 ^ours After 
Obstruction 


Nonprotein nitrogen ... 40 104 

Chlorides 0.491 0.479 

Percent Total 

Stomach Contents Weight, Gm. as NaCl ns NaCl, Gm. 


At 

8 

hours 


0.410 

0.552 

At 

16 

hours 


0.225 

0.336 

Jit 

24 

hours 


0.390 

0.S2S 

At 

32 

hours 


0.267 

0,171 


Ethylene anesthesia 8 minutes. Obstruction, umbilical tape, third Inch jejunum. 
from oar. Stomach contents removed by catheter through esophagus at S, 16, 24 
hours after obstruction. 40 cc. 0.9 per cent NnCl given intravenously at 8, 16, 24 and 32 hours 
after obstruction. Rabbit died between 37 and 39 hours after obstruction. The duodenum 
was greatly distended, but the stomach was approximately normal in size and appearance. 
Neither food nor water postoperativcly. 


Babbit 37— Jejunal obstruction— 4/2/2S. Weight 3^ pounds. Lettuce and bread diet for 3 
weeks: No food for 48 hours; water ad lib. 

Before 24 Houra After 
Obstruction Obstruction 


Nonprotein nitrogen ... 49.5 

Chlorides 0.473 


112.6 

0.52S 


Stomach Contents Weight, Gm. 

At 8 hours 128 

At 16 hours 99 


Per Cent 
as NaCl 
'0.343 
0.067 


Total 

as NnOI, Gm. 
0.439 
0.006 


Ethylene anesthesia 8 minutes. Obstruction, umbilical tape, third mch 
blood from ear, second from heart. Stomach-contents removed by catheter through esopnagi 
at 8 and 16 hours after obstruction. Hying, bled and killed 24 hours 
Duodenum greatly distended. Stomach normal in size and appearance. Neither looa n 
water postoperatively. 


Babbit SS— Jejunal obstruction— 4/2/28. 
No food 48 hours; water ad lib. 


Weight 4% pounds. Lettuce and bread diet 2 weeks. 


Before 

Obstruction 


24 Hours After 
Obstruction 


29 Hours After 
Obstruction 


Nonprotein nitrogen 35.8 

Chlorides 0.531 

Contents Weight, Gm. 

Stomach and duodenal 200 


85 111 

0.554 0.620 


Per Cent 
as Nad 


Total 

as NaCl, Gm. 


0.329 


0.951 


Ethylene anesthesia S minutes. Obstruction, umbilical tape, third .mch jejunum. 


First 


uut'siiiesju o iiiiuui.es. \-/usiiuutiuu, .*“''** of K Ifl 

two bloods from ear, third from heart. Fairly sic 


and 24 hours after 'obstruction. Bled and killed 29 hours after obstruction 
Stomach and duodenum greatly distended. Neither food nor water postoperativeiy. 


sick. 
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BabWt 39-3aJvJi!a5 otatructiott-4/2/2S. Weight 1% pounds. Lettuce and bread diet 2 weeks: 
No food 48 hours; water ad hb. gl Hours After 29 Hours After 

Obstruction Obstruction Obstruction 

Per Cent Total 

Contents Weight, Gm. as NaCl as NaOl, Gm. 

Stomach and duodenal 390 0.353 1.37T 

Ethylene anesthesia 8 minutes. Obstruction, ^billcal tape, third inch jejunum. Eirst 
two bloods from ear, third irom heart. 40 cc. NnCl given mtravenoualy at 8, 16 and 24 boras 
after obstruction. Bled and killed 29 hours alter obstruction. Fairly sick. Stomach and 
duodenum greatly distended. Neither food nor water postoperatively. 


Rabbit 48— Jejunostomy — 1/16/28. Lettuce and bread diet 10 days: No food 48 hours; water 

Before 24 Hours Alter 
Operation Operation 


Nonprotein nitrogen ... 53 

Chlorides 0.496 


96.0 

0.545 


Ethyene anesthesia 10 minutes. Jejuuostomy, third inch jeiunum, by bringing loop out 
through skin, completely severing it and tying off distal end. Blood from ear. 40 cc. 0.9 
per cent NaOi given intravenously 8 and 10 hours after operation. Rabbit died 36 hours alter 
operation. There was poor functioning of jejunostomy. Stomach and duodenum greatly 
distended. Neither food nor water postoperatively. 


Babbit 44— Jejunostomy — 4/16/28. Lettuce and bread diet 10 days: No food 48 hours; water 


ad lib. 

Before 

24 Hours After 

37 Hours After 


Operation 

Operation 

Operation 

Nonprotein nitrogen 

58.8 

148.8 

274 

Chlorides 

0.512 

0.429 

0.373 


Ethylene anesthesia 10 minutes. Jejunostomy, third inch jejunum, by bringing loop out 
through skin, completely severing it and tying oil distal end. Eirst two bloods from ear, 
third from heart. 40 ec. 5 per cent dextrose given intravenously 8 and 16 hours after operation. 
Bled and killed S7 hours after operation. Eairly sick. Fair functioning of jejunostomy 
although there was some distention of stomach and duodenum. Neither food nor water 
postoperatively. 


Babbit 45— Jejunostomy— 4/16/28. Lettuce and bread diet 10 days: No food 48 hours; water 
ad lib. 

Before 24 Hours After 37 Hours After 

Operation Operation Operation 


Nonprotein nitrogen 60 151.5 251 

Chlorides 0.462 0.440 0.3SO 


Ethylene anesthesia 10 minutes. Jejunostomy, third inch jejunum, by bringing out loop 
through skin, completely severing it and tying off distal end. First two bloods from ear, 
third from heart. 40 cc. 5 per cc"* ' ’avenously 8 and 16 hours after 

operation. Bled and killed 37 hoi ■ Quite sick. Poor functioning of 

jejunostomy since duodenum was Neither food nor water post- 

operatively. 


Babbit 40— Jejunal obstruction— 4/23/28. Weight 4% pounds. General diet: No food 48 hours; 
water ad llh. 


Nonprotein nitrogen ... 
Chlorides 


Before 

Obstruction 


26 Hours After 
Obstruction 


38 125.5 

0.475 0.353 


Contents Weight, Gm. 

Stomach and duodenal 278 


Per Cent 
as NaOl 

0.3J8 


Total 

as NaOl, Gm. 
0.884 


anesthesia 6 minutes. Obstruction, umbilical tape, third inch jejunum. First 
nkilw COT' second from heart. 40 cc. 6 per cent dextrose given intravenously 8 and 16 

killed in 26 hours. Fairly sick. Stomach and duodenal 
contents removed. Neither food nor water postoperatively. 


^''''watcr’adi™'" 0^st^“‘^*'Oh-^/23/2S. Weight 3% pounds. General diet: 

Before 26 Hours After 
Obstruction Obstruction 

53 124.5 

0.473 0.53S 


No food 48 hours; 


Nouprotein nitrogen .. 
Chlorides 


Contents 

Stomach and duodenal. 


Per Cent 
as NaCI 


Total 

as NaCl, Gm. 
1.0S2 


Weight, Gm. 

251 0.431 

bloo^^'frnm'^ f “boot's- Obstruction, umbilical tape, third inch jejunum First 

'.si 
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Eabbft -IS— Jejunal obstruction— 1/23/28. WclBlit 2% pounds. General diet: 
water ad lib. 


Betore 

Obstruction 


2C Hours After 
Obstruction 


No food 48 hours; 


Nonprotein nitrogen ... 51 J39.5 

Chlorides 0.472 0.310 

Per Cent Total 

Contents Tfelght, Gm. ns NaCI as NaCI, Gm. 

Stomach and duodenal 217 . 0-350 0.&IG 


Ethylene anesthesia 0 minutes. Obstniction, umbilical tape, third Inch jejunum. First 
blood from ear, second from heart. 40 cc. 5 per cent de.vtrose given Intravenously S and Ifi 
hours after obstruction. Bled and killed In 20 hours. Fairly sick. Stomach and duodenal 
contents removed. Neither food nor water postoperntively. 


Babbit 40— Jejunal obstruction — I/23/2S. Weight S<i pounds. General diet: No food 48 hours; 
water ad lib. 

Before 20 Hours After 
Obstruction Obstruction 


Nonprotein nitrogen 
Chlorides 


Contents 


50 

0.515 


140.S 

0.515 


Stomach and duodenal., 


Weight, Gm. 
240 


Per Cent 
as XnOI 
0.3SS 


Total 

as NaOI, Gm. 
0.955 


Ethylene anesthesia 0 minutes. Obstruction, umbilical tape, third inch jejunum. First 
blood from car, second from heart. 40 cc. 0.l> per cent NuCl given intravenously S and 16 
hours after obstruction. Bled and killed In 20 hours. Fairly sick. Stomach and duodenal 
contents removed. Neither food nor water postopcratlvely. 


Babbit 50— Control— 4/27/28. Weight 2 % pounds. General diet: No starvation. 
Before 21 Hours After 


Nonprotein nitrogen ... 33.5 

Chlorides 0.402 

Alkali reserve 


02.8 

0.412 

95 


First blood from ear, second from heart. 20 cc. 3 per cent sodium bicarbonate given 
intravenously at the beginning and again in 12 hours. Bled and killed 24 hours after first 
Injection. No food after first Injection. Distilled water ad lib. 


Babbit 51— Control— 4/27/28. Weight 2>/4 pounds. General diet: No starvation. 
Before 21 Hours After 


Nonprotein nitrogen ... 30.5 50.5 

Chlorides 0.459 0.402 

Alkali reserve 80.2 

First blood from car, second from heart. 20 cc. 3 per cent sodium bicarbonate givro lolva- 
venously at the beginning and again in 12 hours. Bled and killed 24 hours after first in- 
jection. No food after first Injection. Distilled water ad lib. 


Babbit 52— Control— 5/4/28. 
ad lib. 


Weight 514 pounds. General diet: 
Before 21 Hours After 


No food 48 hours; water 


Nonprotein nitrogen ... 37 41 

Chlorides 0.492 0.517 

Alkali reserve 01.4 

First blood from ear, second from heart. 30 cc. 214 Per cent dextrose given mt^venously 
at the beginning and again in 10 hours. Bled and killed 24 hours after first injection, jno 
food after first injection. Distilled water ad lib. 


Rabbit 53— Control— 5/4/2S. TVeiebt 4% pounds. General diet: No food 48 hours; Trater ad lib. 
Before 24 Hours After 

Nonprotein nitrogen ... 32 42 

Chlorides 0.479 0,462 

Alkali reserve 65.4 

First blood from ear, second from heart. 30 cc. 3 per cent sodium j^lcarboimte n^trali^Md 
with lactic acid given intravenously at the beginning and again in W hours. Bled and k 
24 hours after first injection. No food after first injection. Distilled water ad ho. 


Babbit 54— Control— 5/4/28. Weight pounds. General diet: No food 48 hours; water ad hb. 
Before 24 Hours After 

Nonprotcin nitrogen ... 35.7 46,5 

Chlorides 0.492 0.4^ 

Alkali reserve 64 

First blood from ear, second from heart. 20 cc. 1 per cent lactic acid 
at beginning and again in 10 hours. Bled and killed 24 hours after 

after first injection. Distilled water ad lib. Attempts to gjvo 3 per cent lactic acid intrave 
nously killed 3 rabbits Immediately. 
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Rabbit 55 -control— 5/4/2S. -WeiBbt 5 pounds. General diet: Ko food 48 hours; trater ad lib. 
Before 24 Hours After 


Nonprotein nitrogen ... 

Chlorides 

Alkali reserve 


37.2 61.2 

0.49S 0.460 

S1.5 


first hinod from ear, second from heart. 30 cc. 3 per cent sodium bicarbonate given 
intravenously at the beginning and again in 10 hours. Bied and kilied 24 hours after first 
injection. Xo food after first injection. Distilled water ad lib. 


Babbit 50-Control~5/lo/2S. freight 5 pounds. General diet: Xo food 24 hours; water ad lib. 
Alkali reserve 50 . 4 . Blood from heart; rabbit killed. 


Rabbit 57— Jejunal obstruction— 3/7/28. freight Sft pounds, 
water ad lib. 


General diet: Xo food 4S hours; 

Before Obstruction 


Xonprotein nitrogen 

Chlorides 0.479 

Ethylene anesthesia 7 minutes. Obstruction, umbilical tape, third inch jejunum. Blood 
from ear. 40 cc. 0.9 per cent XaCI given intravenously g and IG hours after obstruction. 
Died about IS hours after obstruction. Stomach and duodenum enormously distended, 
Xeither food nor water postoperativelj-. 


Babbit 5S— Jejunal obstruction-5/7/2S. 
water ad lib. 


Before 

Obstruction 


freight 5f0 pounds. 

20 Hours After 
Obstruction 


General diet: 


Xo food IS hours; 


Xonprotein nitrogen ... 42.5 

Chlorides 0.52S 

,4Ikali Heserve 


152.6 

0.3S0 

(S.5 


Ethylene anesthesia 7 minutes. Obstruction, umbilical tape, third inch jejunum. First 
blood from car, second from heart. 40 cc. 5 per cent dextrose given intravenously 8 and 16 
hours after obstruction. Bled and killed 20 hours after obstruction. Xot very sick. Xeither 
food nor water postoperativeiy. 


Babbit 39— Jejunal obstruction— 6/7/2S. 
water ad lib. 


Before 

Obstruction 


fVelght 6 pounds. 

20 Hours After 
Obstruction 


Xonprotein nitrogen ... 48.7 

Chlorides 0.503 

Alkali reserve 


132.4 

0.538 

58 


General diet: 


Xo food 48 hours; 


Ethylene anesthesia 7 minutes. Obstruction, umbilical tape, third inch jejunum. First 
blood froom car, second from heart. 40 cc. 0.9 per cent XaCl given intravenously S and 16 
hours after obstruction. Bled and killed 20 hours after obstruction. Xot very sick. Xeither 
food nor water postoperativeiy. 


Rabbit 69— Jejunal obstruction— 3/7/28, fVeight 5f4 pounds. General diet: Xo food 4S hours; 
water ad lib. 


Before 

Obstruction 


20 Hours After 
Obstruction 


Xonprotein nitrogen ... 36,3 

Chlorides 0.515 

Alkali reserve 


103.6 

•0.373 

63.5 


anesthesia 7 minutes. Obstruction, umbilical tape, third inch jejunum. First 
second from heart, 40 cc, 5 per cent dextrose given intravenously 8 and 16 

fnnri^nr.!.* 5 killed 20 hours after obstruction. Xot very sick. Xeither 

food nor water postoperativeiy. 


Rabbit 66-.TeJ^unostomy-6/27/2i-fVcight 4% pounds. General diet: Xo food 48 hours; 
wator aa Ijd. 

Before 20 Hours After 
Obstruction Obstruction 
Xonprotein nitrogen 75.9 SCO 

Chlorides 0.465 OAOl 


plaefnc^^y?,mw'?nv,o third inch jejunum, by severing jejunum. 

rubber tube in proximal end and bringing it out through belly Trail T>ictai 

So^or cm second f?om ?0 « 

mtravpously 8 and 16 hours after operation. Bled and tilled in 2G 
dllatfnn nf^in peritoneal irritation. Stomach almost empty and but little 

cuintlon of duodenum. Xeither food nor vrater postoperativeiy. 
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Enbbit 07— Jcjunostomy-C/27/2S. Welglit 5 pounds. General diet: 
ad ]ib. 

"Belore Wiioiirs Alter 
OperatfoD Oporntlon 


Nonprotein nitrogen ... 39.S 107 

Chlorides 0.4D3 0.4C0 


No food 48 hours; crater 


Ethylene nnestbesia 15 minutes. Jejunostomy, third inch jejunum, by severing jejunum, 
pmcing rubber tube In proximal end and bringing it out through belly wall. Ilistal end tied 
off and inverted by purse string. First blood from car, second from heart. 40 cc. 5 per cent 
dextrose given intravenously q and 30 hours after operation. Bled and billed 20 hours after 
operation. Quite sick. Slight peritoneal irritation. Stomach fairly well emptied. Duodenum 
slightly distended. Neither food nor water postoperatlvely. 


Rabbit 08— Jcjimostoray 

-0/27/28. TVciglit 

4'Ai pounds. General 

wntcr ad Jib. 

Before 

20 Hours After 


Operation 

Operation 

Nonprotein nitrogen ... 

60 

m 

Chlorides 

0.49S 

0.50} 


No food 48 hours; 


Ethylene anesthesia 35 minutes. Jejunostomj*. third Inch jejunum, by severing jejunum, 
placing rubber tube in proximal end and bringing It out through belly wall. Distal end tied 
off and inverted by purse string. First blood from car, second from heart. 40 cc. 0.9 per 
cent NaCl given intravenously g and IC hours efter operation. Very sick. Bled and killed in 
26 hours. Slight peritoneal irritation. Stomach nearly empty. Duodenum slightly distended. 
Neither food nor water postoperatlvely. 


Rabbit S2— Jejunostomy— 9/17/28. General diet; No food -iS hours; water nd Jib. 

Before 24 Hours After 47 Hours After 

Operation Operation Operation 


Nonprotein nitrogen 58.8 312.3 22LS 

Chlorides 0.50S 0.578 0.518 


On 7/10/23 preliminary operation was done bringing loop of jejunum up through abdominal 
wall and sutunns It lu position, leavlag only skin covering Intestine; ^ per cent procaioe 
hydrochloride anesthesia. Skin opened. Jejunum severed, distal end tied off. First two 
bloods from car, tliird from licart. 40 cc. 0.0 per cent NnOl given intravenously 8, 16, 24, 82 
and 40 hours after operation. Dying, bled and killed in 47 hours. Stomach empty. Very 
Slight dllstlou ot duodenum. Neither food nor water postoperot/vely. 


Rabbit 93~JcjunaI obstruction— 9/27/28. Weight 4 I/A pounds. General diet; 
water ad Jib. 


Before 

Obstruction 


24 Hours After 
Obstruction 


No food 48 hours; 

SC Hours After 
Obstruction 


Nonproteln nitrogen 44 157.4 20S.S 

Chlorides 0.459 0.452 0.S7G 


Ethylene anesthesia 15 minutes. Obstruction, ximbilical tape, third inch jejunum. Gas- 
trostomy by opening stomach through a wide incision and putiiring raucous membrane to 
skin. First two bloods from ear, third from heart. 40 cc. 214 per cent dextrose given sub* 
cutaneously 8, IG, 24 and 32 hours after obstruction. Dying, bled and killed in 36 hours, very 
little peritoneal irritation. Stomach empty. Duodenum moderately distended. Neither food 
nor water postoporatively. 


Rabbit 98— Pyloric obstruction — 30/17/23. 
water ad lib. 


Before 

Obstruction 


Weight 4 pounds. General diet: 

23F[ovrs Alter 
Obstruction 


No food 4S hours; 


Nonprotein nitrogen ... 4G.S 249.9 

Chlorides 0.462 0.307 

Ethylene anesthesia 15 minutes. Obstruction, umbilical tape, pylorus. Gastronomy by 
opening stomach through a wide incision and suturing mucous membrane to skm. iirsi 
blood from ear, second from heart. 40 cc. 2% per cent dextrose given intravenously 7, 
and 23 hours after obstruction. Dying, bled and killed in 28 hours. Very slight peritoneal 
irritation. Stomach empty. No food. Water ad lib. 


Rabbit 99— Pyloric obstruction— 10/17/28, Weight 4 pounds, 
water nd lib. , • 


General diet; No food 48 hours; 

Before Obstruction 


Nonprotcin nitrogen 
Chlorides 


44.7 

0.495 


Ethylene anesthesia 35' minutes. Obstruction, umbilical tape, pylorus. 
opening stomach through a wide Incision and suturing mucous membrane to skid. 
from ear. Considerable bleeding from stomach wall controlled by. many, sutures. 4y • 
0.9 per cent NaOl given intravenously 7 and 32 hours alter obstruction. Died during mg 
No food. Water ad lib. 
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Rabbit 100— Ryloric obstniction— 10/n/2S. 
hours; water acl )ib. 


Weight 4 pounds. General diet: Ko lood 48 
Before Obstruction 


Konprotcin nitrogen 29.7 

Chlorides 0.470 


Ethj'lene anesthesia 15 minutes. Obstruction, umbilical tape, pylorus. Gastrostomy by 
opening stomach through a wide incision and suturing mucous membrane to skin. Moderate 
bleeding from stomach. Blood from ear. 40 cc. 2<,4 per cent dextrose given intravenously 7 
and 13 hours after obstruction. Died during night. No food. Water ad lib. 


Rabbit 101— Pyiorie obstruction— 10/17/28. Weight 4 pounds. General diet: 
water ad lib. 


Before 

Obstruction 


48 Hours After 
Obstruction 


No food 48 hours; 

07 Hours After 
Obstruction 


Nonprotcin nitrogen 45.4 145.9 C20.8 

Chlorides 0.488 0.393 0.343 


Ethylene anesthesia 15 minutes. Obstruction, umbilical tape, pylorus. Gastrostomy by 
opening stomach through wide incision and suturing mucous membrane to skin. Hirst two 
bloods from car, third from heart. 40 cc. 0.9 per cent NaCl given intravenously 7 and 13 
hours after operation and subcutaneously 30, 33, 46, 52 and 58 hours after operation. Unable 
to bleed at 24 hours. Bled with difllculty at 48 hours. Dying, bled and killed at m hours. 
Stomach empty. Very slight peritoneal Irritation. No food. Water ad lib. 



A COMPARATIVE STUDY OF THE BACTERICIDAL 
VALUES OF TWENTY-ONE COMMONLY 
USED ANTISEPTICS 

ABBOTT WILLIAM ALLEN, M.D. 

NrW YORK 

This paper is the third in a series of studies of antiseptics. The 
first was a study of the bactericidal effect of mercurochrome-220 soluble^ 
on Bacillus pyocyancus, while the second - was an investigation of some 
of the properties of the antiseptic known as S. T. 37, described in 
1927 by Leonard and Feirer.^ The present article is the direct out- 
growth of the first two papers, and has for its object a comparative 
study, in vitro, of the bactericidal effect of twenty-one commonly used 
antiseptics on four different organisms growing on agar slants. 

The organisms used were a freshly isolated strain of Staphylo- 
coccus aureus, a similar strain of Bacillus pyocyaneus, and laboratory 
stock cultures of Bacillus subtilis and Bacillus typhosus. Preliminary 
to the actual experimental work, each culture was transplanted for five 
successive days on agar slants. Immediately preceding experimentation, 
two fresh transplants were made from the fifth daily culture to agar 
slants. These were labeled B and X, while the parent culture was 
labeled A. Culture X served as a control of growth ; A was a twenty- 
four hour old culture; while B was a freshly inoculated slant. 
Twenty-one such groups were made up using each of the four organ- 
isms employed (fig. 1). 

To each of the twenty-one A and B groups of the four cultures, 
a different antiseptic was added in such quantity that when the culture 
tube was held in the vertical position, the slant surface was entirely 
covered by the antiseptic solution, insuring continuous contact of the 
agar slant surface with its culture and the antiseptic. At intervals of 
IS, 30, 60 and 180 minutes, transplants were made from the A and B 
tubes to fresh agar slants A', A", B', B", etc. A previously flamed 

* Submitted for publication, JIarcli 30, 1929. 

■■ From the Department of Laboratories of the New York Post Graduate 
Medical School and Hospital. 

1. Wright, I. S. : Effect of Mercurochrome-220 Soluble on the Growth of 
Bacillus Pj'ocyaneus, Arch. Surg. 15:958 (Dec) 1928. 

2. Allen, A. W., and Wright, I. S. : The Bactericidal Properties of the 
Solution S. T. 37, Arch. Surg. 17:834 (Nov.) 1928 

3. Leonard, Veader; and Feirer, W. A.: Bactericidal Activity of He.xylre- 
sorcinol in Glycerine, Bull. Johns Hopkins Hosp. 41:21 (May) 1927; He.xyl- 
resorcinol as a General Antiseptic, Surg. Gynec. Obst 45:603 (Nov.) 1927. 
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platinum loop was inserted into the supernatant antiseptic fluid, down 
to the agar surface, where the loop was drawn across the agar slant 
surface with its bacterial covering. This loopful of suspension was 
withdrawn through the antiseptic fluid above and streaked on a fresh 
agar slant. These tubes plus the originals were incubated at 37 C. 
for bventy-four hours and then observed. The entire experiment was 
repeated as a check on the first series. 

The antiseptics used were obtained from the hospital pharmacy and 
conformed to the requirements as indicated in table 1. Dakin’s solution 
was prepared according to the directions of Carrel,^ and used the same 
day. Both Dakin’s solution and Zonite were titrated by the method 
of the same author. The agar was the usual meat infusion agar 
titrated to a of 7.4. 

Of the antiseptics listed, some are used routinely preoperatively, 
or as prophylactics against infection; others are applied to grossly 

STOCK 


A — 



Fig. 1. — A diagram showing the origin of the cultures. 


infected wounds ; those of a third group are employed as antiseptic or 
germicidal irrigants. In this discussion, no such classification is made. 
Instead, they are arbitrarily grouped as dyes, halogens, heavy metals, 
miscellaneous, oxidizers and phenols, according to their exact or most 
apparent composition (table 2). Obviously, such a classification is 
approximate at best, and open to criticism. However, this classification 
with its shortcomings serves the purpose of this paper. It may be 
remarked in passing that the miscellaneous group should perhaps be 
.called the alcoholic group, since all but one contain a large percentage 
of alcohol in addition to the other substances present. 

This method of determining the bactericidal values of antiseptics is 
-Open to criticisrn. It may be said tliat it is not a standard method of 
determining the bactericidal properties of antiseptics. In practice, one 

A.: Communication to the Editor, J. A. M. A. 67:1777 (Dec.) 
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does not routinely or continuously immerse the contaminated or infected 
field in any antiseptic. Still less is one able to suspend the organisms 
in the antiseptic as represented by the Rideal-Walker ^ or the Hygienic 
Laboratory procedure.” 

In this work, attention is called to the fact that the penetrating 
power of each antiseptic was allowed to exert whatever influence it 

Tabu; 1. — T/ir Atiltscpltcs Used in the Study, with Notes 


DIchlornmInc T, 5 por cent N.N.R. 

Harrington’s solution (Harrington, Charles: Some Studies In Asepsis, Ann. Surg. 40:475 
[Oct.] 1904) 

Silver nitrate, 10 per cent, prepared and used the same day 
Zonite, original bottle, full strength, titer 1.10 per cent XnClO 
Gresol compound, 2 per cent, U.S.P. (lysol) 

Potassium mercuric Iodide of the salt, Gm. 4, acetone 4C0 cc. 

Dakin’s solution, N.N.R., prepared and used the same day, titer 0.5 per cent NaCl 
Tincture of green soap, U.S.P. 

Solution of iodine (LugoPs solution) 5 per cent, U.S.P, 

Tincture of Iodine, 7 per cent, U.S.P. 

ProtargJn mJte (argyrol) 20 per cent, N.N.R., prepared and used the same day 
Alcohol, ethyl, fiO per cent 

Hydrogen peroxide, solution, U.S.P., original recently received bottle 
S. T. 37 (solution hexs’lrcsorcinolls 1 : 1 , 000 ), original bottle 
Mercuric chloride solution, 1 : 1,000 

MGrcurochrome-220 soluble, 2 per cent aqueous solution, N.N.R. 

Listerine, original bottle, full strength 
Phenol, 1 : 1,000 

Acriflavine, neutral, 1 : 1,000, K.N.R., prepared and used the same day 
Potassium permanganate, 1 : 1,000, prepared and used the same day 
Boric acid, saturated solution at room temperature 


Table 2. — The Classi^cation of the Antiseptics Employed, with the Number of 
Sterile Transplants for Each Antiseptic 


Halogens 


Dichloramine T, 6 per cent 

Zonitc 01 

Dakin’s solution 49 

Solution of Iodine, 5 per cent 48 

Tincture of iodine, 7 per cent 48 

Heavy Metals 

Silver nitrate, 10 per cent 04 

jprotargin mite (argyrol) 43 

Mercuric chloride, 1:1,000 18 

Boric acid S 

Oxidizers 

Hydrogen peroxide 38 

Potassium permanganate 7 


Miscellaneous 

Harrington’s solution W 

Potassium mercuric Iodide SO 

Tincture of green soap 49 

Alcohol, ethyl, 80 per cent 42 

Listerine 13 

Phenols 

Crcsol compound (lysol) 2 per cent SI 

S. T. sol. hexylrcsorcinal, 1:1,000 21 

Phenol, 1:1,000 10 


Dyes 

Mercuroehrome, 2 per cent.. 
Acriflavine, neutral, 1:1,000. 


possessed on the bacteria ; that .incident to transplanting the bacteria 
there was a certain degree of agitation of the bacteria causing a certain 
amount of suspension of the organisms in the antiseptic solution for 
a shorter period of time than that named; and that, in addition, a certain 

5. Rideal, S., and Walker, J. T. A. : Standardization of Disinfectants, J. Roy. 
San. Inst. 24:424, 1903. 

6. Anderson, J. F., and McCIintock, T. B. : A Method for the Bacteriological 
Standardization of Antiseptics, J. Infect. Dis. 8:1, 1911. Harrington, Charles. 
Some Studies in Asepsis, Ann. Surg. 40:475 (Oct.) 1904. 
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amount of the antiseptic was of necessity carried over to the fresh agar 
slants along with each inoculum of the A , B , etc., tubes. 

In practice, one deals with two situations ; the one a massive infec- 
tion characterized usually by pus; the other, mere contamination. The 
present schema was devised to compare simultaneously, and under as 
nearly exact conditions as possible, the germicidal effect of the twenty- 
one antiseptics, under stated conditions, (1) on the type of organism 
used in determining the phenol coefficient; (2) on three different organ- 



Fig, 2. A diagram showing the relative efficiency of each of the six types of 
antiseptics used. 


isms, roughly t}'pical of three different classes of invaders; (3) under a 
condition simulating that most frequently met in routine practice: 
nantely, surface and subsurface massive contamination. 

Bacillus typhosus was employed because it is the organism used at 
present in determining the phenol coefficient of antiseptics. Staphylo- 
coccus aureus is a common contaminating and infecting organism 
lelatively resistant to antiseptics in vivo, and is roughly characteristic 
0 tlie pyogenic group. Bacillus pyocyanetts is a relatively frequent sec- 
ondary invader. It is generally more resistant to antiseptics than 




Table 3. — The Antiseptics Used, Ranked in Order of Bactericidal Power 
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Staphylococcus aureus. It is somewhat typical of the gram-negatwe 
bacilli. Bacillus subtilis, while wot a pathogen, is a spore former, and 
was used because of that characteristic. 

Omitting the control cultures, there were sixty-four transplants of 
each organism-antiseptic group. Since the negative cultures are indic- 
ative of germicidal value, the antiseptics have been listed in descending 
order of tbe number of sterile subcultures (table 3). In computing 
the results for figure 2, the negative cultures of each antiseptic of the 
six major subdivisions have been totaled and divided by the component 
number of the group. Tbe percentages expressed are on the basis of 
sixty-four. From this computation, and also table 3, it is evident that 
the comparative rating of the antiseptic groups is as follows: halogens, 
miscellaneous, heavy metals, phenols, oxidizers and dyes. 

COMMENT 

The value of an antiseptic is commonl}' expressed in terms of its 
phenol coefficient. Especially is this true commercially. The bacterium 
employed in the determination of the phenol coefficient is the Bacilhis 
typhosus. Although this procedure is of definite theoretic value, from 
a practical point of view, it has certain disadvantages. It is known 
that the organism of typhoid fever has relatively little resistance against 
many of the commonly used antiseptics. This is well illustrated by the 
results shown in table 3. If one contrasts the number of positive trans- 
plants of the typhoid group with the number of similar subcultures of 
any other group, it is obviovrs that the phenol coefficient is at best but 
superficially relevant to the actual practical bactericidal value of any 
antiseptic. It is a remote approximation. 

CONCLUSIONS 

1. The bactericidal efficacy of each of twenty-one commonly used 
antiseptics was tested against four different organisms. 

2. The halogen group, as determined by this study, is the most 
efficacious of the antiseptic groups. 

3. The phenol coefficient value stated as an index of practical 
bactericidal efficacy is unsatisfactory. The present methods of judging 
antiseptics do not constitute an accurate index of their practical worth, 

4. The need for a comparative study of the bactericidal value of an 
antiseptic under a variety of conditions before it is offered to the public 
will be discussed in a later communication. 
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Tlie Strikingly successful end-results following cooperative manage- 
ment of cases of toxic goiter, of complicated cases of peptic ulcer and 
of other types of diseases requiring specialized preoperative and post- 
operative attention find a decidedly suggestive parallel in the. group 
management of surgical diseases of the colon. The combination of 
resources made available by isolation of patients with surgical lesions 
of the colon into a single division under the combined management of 
surgeon and clinician has brought results as striking, in our experience, 
in the short length of time in which it has been employed, as the results 
obtained from any segregated group of unusual cases. Not only has 
isolation of these patients afforded individualization, with better selec- 
tion of cases for different types of operation, but collective management 
in the postoperative period has been equally invaluable. Colonic 
conditions are complicated; they extend over a long period before the 
patients who suffer from them submit to surgical procedures, and 
therefore colonic cases have borne not only an unjustifiable surgical 
mortality but an undeserved reputation for high morbidity and unfavor- 
able prognosis. The grouping of patients with surgical conditions of 
the colon in a division apart from that of general surgery, and the 
insistence that their preoperative management be cooperative and 
directed along distinct lines and that the surgical management at opera- 
tion be carried out by a small group of surgeons particularly interested 
in these diseases have, we believe, materially aided us from every 
standpoint. 

During the six months beginning Oct. 1, 1927, and ending April 1, 
1928, 147 patients with colonic disease for whom surgical treatment has 
been prescribed have been isolated in a single section under the medical 
supervision of A. H. Logan and J. Arnold Bargen, and have been 
operated on by Walter E. Sistrunk and Fred W. Rankin. Multiple 
operations were done in practically every instance in this group of cases. 
In 103 cases two or more operations were performed, and in seven 
cases as many as four operations. The cases are divided as follows; 


* Submitted for publication, Nov. 26, 1928. 

* From the Divisions of Surgery and Aledicine, The Mayo Clinic. 
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ninety-four of carcinoma of the rectum, rectosigmoid and sigmoid, five 
of carcinoma of the descending colon, three of carcinoma of the splenic 
flexure, five of carcinoma of the transverse colon, one large polyp of the 
transverse colon, four of carcinoma of the hepatic flexure, six of car- 
cinoma of the cecum, one of carcinoma of the jejunum, three of 
diverticulitis of the sigmoid with abscess, ten of inflammatory cecal and 
pericecal lesions, seven of repair of postoperative fistula of the colon, 
four of resection for rectal stricture, two of closure of colostomy open- 
ing made elsewhere, one of resection of a portion of the ileum for 
obstruction with chronic ulcerative colitis and one of ileosigmoidostomy 
for a suspected malignant condition following healing chronic ulcerative 
colitis. 

Of the 147 patients operated on, fourteen died, a total mortality of 
9.6 per cent. There was only one death from preliminary colostomy 
in 108 operations ; this occurred in a case of inoperable carcinoma of 
the rectum with obstruction. In the ninety-four cases of carcinoma of 
the rectum, rectosigmoid and sigmoid there were six deaths following 
resection, a mortalitj' of 6.47 per cent. Of the fourteen deaths, eight 
occurred in cases which -were pronounced inoperable at the time of 
exploration. 

The preliminar)' preparation, the change in type of anesthesia and 
the coordinated postoperative management have resulted in lowering 
the number of postoperative complications, in the diminution in the 
number of fatal operative cases and in the application of more radical 
surgical procedures to the group. One of the most important factors in 
the treatment in colonic cases is preoperative preparation of the patient 
by the introduction of rehabilitation measures in addition to the appli- 
cation of local medicaments to the bowel to reduce the virulence of the 
organisms present and to overcome any obstruction which may have 
taken place. During the period of preoperative preparation, thorough 
cleansing of the bowel and filling the patient with foods which have 
a minimum of residue and may be stored for reserve is essential. The 
diet consists of a basic allowance of 2,000 calories of carbohydrate, 
including principally candy and fruit juices. To this, if the patients 
tolerate it, and the majority do, is added SO per cent more carbohydrate, 
making a total of 3,000 calories daily. At ordinary rest, a patient will 
gain weight on such a diet; yet the bowel will remain comparatively 
empty. A daily urinalysis is made to note any overflow of the sugar 
threshold, and the results are checked by a determination of blood sugar 
which is made at the time of admission and again after a few days on 
the diet. Sugar rarely will appear in the urine, although there is 
usually an elevation of the blood sugar within normal limits. Many 
of these patients are in the later years of life, when tolerance for carbo- 
hydrate is more or less reduced; for these patients we have the basic 
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diet of 2,000 calories of carboh 3 'drate to which is added a variable 
amount of protein or fat of low residue, or a combination of both. For 
convenience in calculation we add 25 per cent of fat or 25 per cent of 
protein, or 50 per cent of either, according to the patient’s tolerance. 
Although the diet is an important factor, both for attaining cleanliness 
of the bowel and for giving the patient a fighting reserve, other means 
of emptying the colon have been found expedient. Depending on the 
amount of obstruction present, castor oil in variable doses of from 
30 to 60 cc. is given by mouth in some cases. Twelve hours later, 
cleansing enemas of a ph^’siologic solution of sodium chloride are given, 
which are repeated every twelve hours until twenty-four hours before 
operation. Such preparation takes from three to five days, depending 
on the amount of obstruction produced b}' the lesion, its situation in the 
colon and the general condition of the patient. 

If barium has been used in the diagnosis of the lesion of 
the colon, it must be removed thoroughly. In the diagnosis of 
lesions of the colon by means of the x-rays, it is more important 
whenever possible to use thin barium and to wash it. out thoroughly by 
enemas as soon as the roentgen examination has been made. A flat 
roentgen lecture of the abdomen made from twenty-four to forty-eight 
hours after barium has been given eliminates the danger of sending a 
patient to the operating table with barium in the bowel. During the first 
twelve of the last twenty-four hours preceding the first operation, divided 
doses of camphorated tincture of opium are given by mouth. These 
serve to allay peristalsis and to quiet the patient in general. Patients 
are urged to drink much liquid up to twelve hours before operation. 
During the last twelve hours, the patient is allowed absolute rest ; every- 
thing is done for his comfort and composure. 

The day after the colostomy has been done, irrigations of the lower 
portion of the bowel which contains the tumor are begun. A physiologic 
solution of sodium chloride is used, and the irrigations are continued 
until forty-eight hours before the second stage, or resection. During 
the last forty-eight hours before the resection, aspiration of the lower 
segment by section is carried out both from the colostomy opening and 
from the rectum ; it is done several times a day to prepare a dry 
operating field. The patient again is placed on the carboh 3 ^drate diet 
for twenty-four hours before the resection, and a simple cleansing 
enema of the portion of the bowel above the colostom 3 ^ is given the 
night before operation to prevent gross fecal soiling at the time of 
operation. Before discontinuing irrigations of the lower portion, the, 
rectum is -examined digitally to determine whether or not it is empty. 

The patient is observed carefully during the preoperative preparation 
in an effort to estimate surgical risk and to avoid complications, if 
possible. Not only is the lesion in the bowel examined carefully by 
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digital, proctoscopic and, whenever advisable, by roentgenologic methods, 
but the heart, blood pressure and lungs are carefully examined. Electro- 
cardiograms are made whenever they are thought to be necessary. 
Renal function is estimated by phenolsulphonphthalein and studies on 
the blood urea. In older men with hypertrophied prostates and residual 
urine, particularly if there are rectal lesions, lavage of the bladder is 
instituted in an effort to avoid an ascending pyelocystitis. A careful 
note is made of the quantitative output of urine, and particular mention 
is made of any sign of edema of the extremities. This is especially 
significant in checking the not infrequent development of postoperative 
nephrosis. If noted early, the development of this condition into a 
serious complication usually can be avoided. 

An additional measure, which we trust will have an important bear- 
ing on the successful management of these cases in the future, is 
intraperitoneal vaccination against infection of the peritoneal cavity by 
the use of a mixed vaccine prepared after the methods of Herrmann, 
who has used it extensively in experimental work. Experience with 
this type of medication has been too short to warrant an opinion as to 
its value, but we hope to be able to report more favorably on it in a 
future communication. 

Rehabilitation after resection of a malignant tumor and establish- 
ment of colostomy is an important adjunct in the management of the 
patient. An effort to regulate the time of fecal evacuation from the 
colostomy opening, as well as to aid the establishment of formed stools 
by making the patient somewhat constipated, is necessary. The patient 
is advised, therefore, to eat at regular intervals, to include constipating 
foods in his diet and to avoid drinking between meals. Another 
significant consideration is the choice of the colostomy bag. It must 
be as inconspicuous as possible, should not create a vacuum by its 
pull on the exposed part of the colostomy, must be easily cleaned and 
should be relatively inexpensive. 

The general acceptance of colostomy for growths in the left colon 
is perhaps one of the greatest advances in surgery of the colon in the 
last two decades. Whether the colostomy should be permanent when 
growths in the upper part of the rectum and sigmoid may be removed 
safely or whether an anastomosis should be made to reestablish con- 
tinuity of the bowel is still a question. Although the technical maneuver 
is feasible, there are surgeons who argue, with considerable logic on 
their side, that growths in the sigmoid should be treated like growths 
in the rectum, with colostomy and extirpation of the segment of 
bowel below it. Usually, in cases in which colostomy is employed, 
because of the preliminary cleansing of the bowel and irrigation of the 
local growth to overcome obstruction, we have been able to leave the 
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bowel intact until the sixth day or longer; then, as gas begins to accumu- 
late and the patient becomes uncomfortable, puncture is made with the 
cautery to relieve the tension. Subsequently, after healing is insured, 
the bowel is divided across its entire lumen. Following each operation 
it has been our custom, satisfactorily carried out, to insist on abstinence 
from any food or drink by mouth for seventy-two hours or longer. 
Good evidence that the gastro-intestinal tract is functioning satisfactorily 
and that infection is not taking place is the patient’s abilit}' to expel flatus. 
After this, administration of liquids by mouth is begun, and gradually 
the diet is increased. Adequately prepared patients are surprisingly free 
from gas in the postoperative period, and it is our experience that much 
of the discomfort following abdominal operations, on both the colon and 
the viscera, is the result of feeding the patients too early in conva- 
lescence. In colonic cases, subcutaneous administration of physiologic 
solution of sodium chloride or of solution of dextr.ose (d-glucose) is 
begun postoperative!}’-, and a continuous flow at the rate of 100 cc. each 
hour up to 2,000 cc. in twenty-four hours is administered over the 
necessary period of time. Once the colostomy is done, irrigations are 
begun through-and-through, so as to alleviate further the local condition 
and to assist in adequate preparation for the subsequent resection. 
Usually the interval between the first and second stages of the operation 
has been from ten to sixteen days. 

The selection of the type of operation is not entirely standardized, 
and the type of operation varies considerably with the half of the 
colon which is operated on, but the institution of drainage and the 
principle that most resections of the colon should be graded procedures 
is unquestionably a step in advance. Although it has been our aim in 
this group of cases to select the most radical surgical procedure com- 
patible with the general condition of the patient, in the main, graded 
maneuvers rather than single-stage operation have been done. The 
graded operation is advantageous from many standpoints and in our 
hands has been instrumental, we believe, in a most satisfactory lower- 
ing of mortality. 

To evaluate an aseptic technic for the removal of carcinoma of the 
colon is difficult. It is only one and one of the least significant steps 
in the development of surgical treatment of malignant conditions of the 
gastro-intestinal tract and yet it offers many advantages, and any pro- 
cedure which accomplishes removal of intestinal carcinoma without 
opening the intestinal lumen, and with satisfactory functional results, 
merits consideration. To accomplish successfully a blind resection one 
must minimize the danger of infection of the peritoneum, which is the 
main cause of failure in gastro-intestinal surgery, and many simple 
methods available today emphasize the ease of its accomplishment and 
make its allocation among other maneuvers more ready. 
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Each of the two segments of the colon demands a definite technical 
operation, even though the principle of performing removal of the 
carcinoma in a graded procedure is adhered to. It has been our custom 
to attack right-sided colonic carcinomas by first making an aseptic 
ileocolostom}', and then in about two weeks removing the right half of 
the colon and from 30 to 35 cm. of the ileum. We believe the end-to- 
side transplantation of the ileum into the transverse segment of the 
colon is the most satisfactory type of procedure in this situation, and it 
can be accomplished easily and with satisfactory functional results by 
any of the aseptic methods popular toda}^ The dangerous part of this 
operation is the secondary resection. It, likewise, may be accomplished 
in a clean manner, but it is more likely to be followed by peritonitis 
because of contamination from the necessary mobilization of the infected 
growth. 

Colocolostomy or ileocolostomy and subsequent resection of the 
ascending colon and a portion of the transverse colon is the operation 
of choice for carcinomas of the transverse colon, unless one resorts to an 
obstructive operation. The latter type of operation in our service has 
proved exceptionally useful. We believe that in the majority of cases 
in which there is little obstruction and in which adequate preoperative 
measures have been instituted to cleanse the bowel and in this manner to 
eliminate a certain amount of infection, an obstructive operation may 
be done. In these cases one may resect the transverse colon or, indeed, 
any other mobile segment of the bowel and may leave on a clamp much 
more satisfactorily than by doing the old-time exteriorization procedure 
of Mikulicz. ■ For this Milmlicz procedure we heartily advocate the 
substitution either of this obstructive resection or of drainage and at a 
second stage resection and reestablishment of the continuity of the 
bowel. On our service, the Milkulicz procedure practically has been 
abandoned except in a small group of cases of elderly patients who 
have small, scirrhus carcinomas of mobile segments of the large bowel 
which readily may be brought outside the abdomen without any pre- 
liminary measures of mobilization. In obstructive resection or colostomy 
and subsequent resection, one avoids the disadvantages of the Mikulicz 
procedure, for in the former there is no question of implantation of 
cancer cells in the cut surfaces of the abdominal wound, and more 
widespread dissection of lymph nodes and removal of the tissues con- 
tiguous to the growth is made possible. In cases of carcinoma below the 
transverse colon and splenic flexure, colostomy and subsequent removal 
IS most advantageous in practically every case. The question of 
reestablishment of the lumen of the bowel depends on the height of 
the growth in the left side of the colon. Below the middle of the 
sigmoid, there is without question a disadvantage in joining again the 
cut ends of the bowel. 



524 


ARCHIVES OF SURGERY 


The question of operability, likewise, is not always easy to decide. 
Obviously, hepatic metastasis rules out radical operation except in an 
occasional case in which a small growth may be resected, by a simple 
maneuver, to relieve the patient of a local malignant growth. This 
happens infrequently and, for all practical purposes, may be forgotten. 
However, the question of inoperability, because of local conditions 
attendant on attachment to surrounding structures, is frequently per- 
plexing. If the growth is free and movable and may be removed with 
or without restoration of the lumen of the bowel, the problem is simple, 
but if the growth is attached to the parietal peritoneum, to the small 
bowel or, as it occasionally is, to some other viscus which may be sacri- 
ficed without too much operative risk, the question as to the advisability 
of double resection, or resection and some additional operative maneuver, 
is not easily answered. More often than not, growths which are 
attached to the lateral parietal peritoneum have penetrated through the 
peritoneum and occasionally have formed definite pockets which will be 
ruptured by the slightest operative manipulation to determine the 
mobility and fixation of the segment of bowel. Many times we have 
been driven to resect a growth which had become attached to the 
parietal peritoneum and which had penetrated, but the penetration was 
not recognizable until the finger slipped easily into a small pocket dur- 
ing the examination. Mortality is relatively high following this acci- 
dental ruptiu'e of an abscess because of the direct contamination, and 
one of the greatest factors in the reduction of operative mortality will 
be the recognition of growths which are irremovable before some such 
accidental discovery forces the surgeon to perform resection. Under 
obstructive conditions the region of the growth becomes highly infective. 
Infection may take place either from increased permeability of the 
wall of the bowel or from direct invasion of bacteria through the broken 
mucosa at and around the large, ulcerating, infected, penetrating and 
attached growth, which may or may not have an abscess form around it. 

Advanced growths which have attending complications due to their 
fixation, immobility and perforation of the wall of the bowel demand 
the exercise of meticulous judgment to decide not only whether they are 
amenable to radical resection but also whether palliative operation is 
indicated. Fixation in carcinoma of the colon, in the vast majority of 
instances, is due to inflammatory reactions rather than to direct invasion. 
The graded operation permits recession of this inflammatory reaction 
in many instances, with subsequent lessening of the fixation. There is 
then the likelihood that more radical procedures for removal of the 
local growth and its offending gland-bearing areas may be instituted 
with a most satisfactorily small operative mortality. 

The choice of anesthetic in colonic cases is not unimportant. Miles, 
years ago, advocated spinal anesthesia in performing his abdomino- 



RANKIN-BARGEN— SURGICAL DISEASES OF COLON 525 


perineal resection for carcinoma of the rectum, but it has not been uni- 
versally adopted because of the dislike of general surgeons, as a class, for 
spinal anesthetization. In our service, during the last two years, we have 
employed spinal anesthesia as a routine for colostomy and the subsequent 
resection of all carcinomas of the rectum and for the drainage operation 
and removal of resectable carcinomas of the colon. The advantages of 
this procedure have been manifold, and we are convinced that it has had 
a satisfactory effect on the statistics of immediate operative mortality. 
Most infrequently we have found it necessary to complement the spinal 
anesthesia with nitrous oxide, oxygen or ethylene. The only contraindi- 
cation to the use of spinal anesthesia, to which we have adhered, has 
been a marked lowering of the systolic blood pressure. The blood 
pressure is sustained throughout the operation by the administration of 
ephedrine. Despite an occasional reaction while the patient is on the 
operating table, we have no inclination to discontinue the use of spinal 
anesthesia. We feel confident that although the margin of safety may 
be smaller than that in the routine administration of anesthesia by 
inhalation, the freedom from pulmonary complications and the relax- 
ation and additional ease in operating warrant the employment of this 
procedure in this type of case. The operative mortality is necessarily 
higher in this group than it is in other types of cases, and the risk 
justifies employment of more radical measures if they are of even 
slight advantage. 
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GALLBLADDER 

Moynihan ^ found that infection began in tlie outer coats of the 
gallbladder in 63 of SI cases of cholecystitis. In 18, the inner coats 
were primarily involved. Infection may reach the outer coats by 
direct extension from the liver, by means of the lymphatics communi- 
cating directly between the liver and gallbladder or by involvement of 
the peritoneal surface as a consequence of disease in an adjacent organ. 
In cases of infection from within, the ascending route is followed more 
frequently than is realized. Cholecystitis as a rule is only a part of 
an infection which has its origin elsewhere. Hepatitis is commonly, 
if not always, present, and is almost certainly of earlier origin than the 
inflammation of the gallbladder. Moynihan stated that sufficient regard 
has not been paid to the spleen as an infective agent. In some cases 
with recurrent stones and with marked infection in the common bile 
duct, the spleen may be a causative factor, and splenectomy in such cases 
may be indicated. 

Moynihan stated that the presence of all or most of the symptoms 
of cholecystitis over a period of weeks or months is sufficient indication 
for operation. The symptoms, he emphasized, are flatulence and fulness 
after meals, epigastric discomfort, pain, sudden nausea, acidity, water- 
brash and sallow complexion. The Graham-Cole procedure is a valuable 
diagnostic aid, because the concentration of bile has been shown to be 
checked at times when the external appearance of the viscus is only 
slightly altered. If inaugural symptoms are present and the cholecysto- 
graphic shadow is absent or delayed, operation may be performed. 

* Submitted for publication. May 7, 1929. 

1. Moynihan, Berkeley: Mitchell Banks Memorial Lecture on the Gall- 
Bladder and Its Infections, Brit. M. J. 1:1, 1928. 
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Moynihan many times has hesitated to take the gallbladder out in cases 
of inveterate mild dyspepsia; when he has not done so, he has been 
compelled to operate later and has had good results. He was of the 
opinion that the gallbladder should be removed more frequently than is 
now being done. 

^¥ilkie “ of Edinburgh also stressed the importatice of early surgical 
intervention in disease of the gallbladder. In cases of flatulent dys- 
pepsia, in which the gallbladder seems implicated, he advised removal. 

[Compilers’ Note. — Recent studies of the functions of the gall- 
bladder demonstrate that it is not merely a vestigial organ, and although 
its loss is well tolerated in man, we believe that the best indication 
for its removal is the clinical history and especially the presence of colic. 
Patients who give such a history usually will be relieved of symptoms by 
removal of the gallbladder even in the absence of any grossly demon- 
strable pathologic lesion. Patients with symptoms of mild dyspepsia 
and indefinite complaints relative to the upper part of the abdomen are 
not always cured by removal of a gallbladder which appears normal. 
The Graham-Cole procedure is a good diagnostic aid, but it should 
not be used as an indication for cholecystectomy in the absence of a 
good clinical history of disease of the gallbladder. We believe, as 
Moynihan and Wilkie have indicated, that the best results are obtained 
by operating as soon as the diagnosis is made.] 

Wilkie,® in an experimental study, concluded that infection in the 
gallbladder precedes the common hepatic changes seen in cholecystitis. 
He interposed omentum between the liver and gallbladder in rabbits 
and produced diolecystitis by injecting streptococci obtained from 
cystic lymph glands of man which drained diseased gallbladders. In 
cases in which the omentum had been interposed between the gallbladder 
and liver, the liver remained grossly and microscopically normal. In 
the control animals, definite localized hepatitis was produced. 

[Compilers’ Note. — More or less well defined localized hepatitis 
is such a constant occurrence in cholecystitis that its presence may be 
used as an indication of disease of the gallbladder even in the absence 
of marked pathologic changes in the gallbladder itself. We are, never- 
theless, inclined to the view that the primary lesion is most often in the 
gallbladder, and that the localized hepatitis is secondary.] 

Illingworth,^ in 100 cases in which operation had been done, noted 
the frequency of intramural infection of the gallbladder and that sterile 
bile rather commonly is found. He concluded that cholecystitis is a 

2. Wilkie, E). p. D. : Personal communication. 

3. Wilkie, A. L. : The Significance of Hepatitis in Relation to Cholecystitis : 
An Experimental Study, Brit. J. Surg. 16:214, 1928. 

4. Illingworth, C. F. W. : Types of Gall-Bladder Infection : A Study of 
100 Operated Cases, Brit. J. Surg. 15:221, 1927. 
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blood-borne infection and that ascending infection, or infection from the 
liver, is the exception rather than the rule. 

Bacteriology . — Wilkie “ concluded that cholecystitis is a blood-borne 
streptococcic infection of the walls of the gallbladder. He made cul- 
tures of the whole thickness of the wall of the gallbladder and found 
that growth did not result as a rule, whereas cultures from the sub- 
mucosa and outer coats, leaving the mucosa intact, gave growths of 
streptococci in 42 per cent of cases. Bile inhibited the growth of 
streptococci. The C3'stic lymph node in cholecystitis gave a growth 
of streptococci in 86 per cent of cases. 

In onl}' 6 per cent of cases was Bacillus coli recovered from bile; 
in only one case was it recovered from the cystic lymph node and in 
this case probably there was contamination from bile. 

A suspension of streptococci in physiologic solution of sodium 
chloride was injected into the lumen of the gallbladder in rabbits and 
did not produce change. However, intramural injection of the sus- 
pension produced progressive chronic cholecystitis, and the organism 
readily was recovered. Intramural injection of the suspension of 
streptococci, after the cyst duct was ligated, produced chronic empyema 
with marked intramural changes. Calculi were produced in both types 
of intramural injection. Repeated intravenous injections of the strepto- 
cocci gave progressive chronic cholecystitis with formation of cholesterol 
stones. Intramural infections of the gallbladder without ligation of the 
cystic duct produced only stones of cholesterol, but when the cystic 
duct was ligated, the stones produced were of calcium and cholesterol. 
The intramural injections gave pathologic changes which resembled 
in every way those found in diseased gallbladders in man. 

Wilkie - emphasized the importance in making bacteriologic studies in 
disease of the gallbladder of making cultures from the cystic lymph 
node at the neck of the gallbladder. In 100 cases of disease of the 
gallbladder including earl}'' cases with practical!}' no change in the 
appearance of the gallbladder, 84 cystic lymph nodes gave a pure culture 
of streptococci. 

[Compilers’ Note. — One cannot draw definite conclusions as to the 
role played by bacteria in producing cholecystitis by bacteriologic studies 
of the gallbladder and bile. Judd, Mentzer and Parkhill,° in 200 cases, 
obtained 14 per cent of positive cultures from the bile of the gallbladder. 
Positive cultures were most frequently obtained from light colored, 
grainy, purulent or blood-tinged bile. Bile of normal appearance, 

5. Wilkie, A. L. : The Bacteriology of Cholecystitis : A Clinical and 
Experimental Study, Brit. J. Surg. 15:450, 1928. 

6. Judd, E. S. ; Mentzer, S. H., and Parkhill, Edith : A Bacteriologic Study 
of Gallbladders Removed at Operation, Am. J. M. Sc. 173:16, 1927. 
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including concentrated dark bile, was usually negative. Forty-nine per 
cent of positive cultures were obtained from' the wall of the gallbladder 
and 31 per cent from gallstones. Rosenow, many years ago, obtained 
a much higher percentage of positive cultures. This may be due to the 
fact that chronically diseased gallbladders were not removed as fre- 
quently then as now.] 

Etiology. — Sherwood' reviewed a series of 200 consecutive cases 
of diseases of the biliary tract occurring in the last four years. The 
pathologic material included other cases in the same hospital studied by 
Denton. He examined 400 gallbladders and characterized the lesions of 
the biliary tract as primarily mechanical and circulatory rather than 
infectious disturbances. 

In Sherwood’s experience, by far the greater number of disturbances 
of the biliary tract which may be treated successfully by the surgeon, 
with the greatest relief and satisfaction to the patient, are those which 
have their basis in obstruction to the normal flow of bile through the 
system of ducts. The most common cause of obstruction is the presence 
of stones. Stones in the extrahepatic ducts are the most serious, the 
gravity of the condition depending on the completeness of the occlusion. 
The presence of stones in the gallbladder may or may not be accom- 
panied by symptoms or appreciable pathologic changes. Such stones 
often appear to be harmless foreign bodies although invariably they are 
a potential source of trouble and danger. Cultures made from freshly 
removed gallbladders which contained stones frequently gave negative 
results, and sections of the walls of the gallbladder did not reveal any 
of the characteristic changes associated rvith infection. On the other 
hand, when pathologic change is easily recognizable, such changes appear 
to be the result of mechanical and circulatory disturbances. That 
secondary infection may and often does develop as a result of the 
presence of stones is not denied. Sherwood believed that a disturbance 
or unbalance of chemistry in the body, particularly in its relation to 
cholesterol and metabolism of calcium, must be a significant and primary 
factor in the etiology of cholelithiasis. 

Patients who obtained the most permanent and complete relief 
• following operation were those with cholelithiasis who sought relief 
because of repeated attacks of biliary colic or because of an acute attack 
characterized by severe pain in the right upper quadrant of the abdomen. 
At operation in these cases it was found that almost invariably they 
were associated with impaction of a stone in the cystic or, more rarely, 
in the common duct; the underlying pathologic changes were due to 
mechanical and circulatory disturbances rather than to infection. When 
infection was present, it seemed to be a complication. 

' Lesions of the Biliary Tract, Ann. Surg. 
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The patients with the least satisfactory results in relief from symp- 
toms were those without stones, who sought relief not because of 
severe pain or colic but because of vague digestive disturbances, and 
who did not have more definite pathologic changes than slight fibrosis 
or involution atrophy. Such changes are the same as may be seen in 
many other tissues and organs in patients after middle age. 'Sherwood 
expressed the belief that such gallbladders should be less frequently 
removed than has been the practice in many clinics, and that causes 
for such symptoms should be sought elsewhere. The word, cholecystitis, 
implies the presence of infection, and Sherwood asks if it always por- 
trays an accurate picture of the most frequently encountered and pre- 
dominant surgical lesions of the gallbladder. 

[Compilers’ Note. — For many years we have been under the 
impression that not all cases of disease of the gallbladder are due to 
bacterial infection. A number of years ago, while observing the effects 
of the intravenous injection of surgical solution of chlorinated soda 
(Dakin’s solution) in animals, Mann was surprised to note its apparent 
selective affinity for the gallbladder and the production of cholecystitis 
indistinguishable pathologically from certain cases of chronic chole- 
cystitis in man. This, and more recent studies by Mentzer ® and others, 
have led us to believe that certain groups of diseases of the gallbladder 
are due to chemical or metabolic disturbances. This view is strengthened 
by the belief that cholecystic disease is often not a disease of a single 
organ but of a system and of each person.] 

Lyons and Swalm “ expressed the belief that many cases in which 
a positive cholecystogram is obtained by the Graham-Cole method 
and in which, at operation, a pathologic lesion of the gallbladder is not 
found, are due to an obstructive catarrhal condition of the cystic duct, 
which will respond to nonsurgical drainage, which will remain normal 
and which will give a negative cholecystogram. This is particularly 
true in cases of low-grade cholecystitis. There is no definite symptoma- 
tology in this form of obstruction of the cystic duct and it can be 
diagnosed only by studies of biliary drainage. 

Diseases of the Gallbladder in the Young. — Potter^" found that 
pathologic lesions in the biliary tract are much more common in young 
persons and children than is generally recognized. He reviewed 

8. Mentzer, S. H. : Cholesterosis of the Gallbladder, Am. J. Path. 1:383, 
1925 ; A Clinical and Pathologic Study of Cholecystitis and Cholelithiasis, Surg. 
Gynec. Obst. 42:782, 1926; The Pathogenesis of Biliary Calculi, Arch. Surg. 
14:14 (Jan.) 1927. 

9. Lyons, B. B. V., and Swalm, W. A.: Obstruction of the Cystic Duct of 
a Catarrhal Variety, J. A. M. A. 90:833 (March 17) 1928. 

10. Potter, A. H. ; Gallbladder Disease in Young Subjects, Surg. Gynec. Obst. 
46:795, 1928. 
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226 cases from the literature and added 4 of his own in which disease 
of the biliary tract existed in children up to 15 years of age. He 
cited 2 cases of stones in the common duct in fetal life (6 and 8 months, 
respectively) . In the entire series, gallstones were present in 140 cases, 
cholecystitis with stones in 44 cases, cholecystitis without stones in 59 
cases and cholecystitis with jaundice in 30 cases. Stones in the cystic 
duct were found 14 times ; in the common duct, 13 times. Hydrops of 
the gallbladder was found 18 times and infection of the gallbladder 43 
times. There were 2 cases of malignant disease of the gallbladder in 
patients aged 4 and 15 years, respective^. Acute cholecystitis is rela- 
tively common in the series. 

Potter believed that etiologically, and in order of their importance 
as causative agents in diseases of the gallbladder, are the following: 
influenza, appendicitis, scarlet fever, diphtheria and infections of the 
digestive tract regardless of origin. 

Operations . — ^DeCourcy reported a series of 400 operations on the 
gallbladder in which cholecystectomy yielded better operative results 
than cholecystostomy. He reviewed this subject and found that, in 
general, recognition is given the fact that symptoms are only too likely 
to persist after simple drainage of the gallbladder, even if there is no 
actual recurrence of the disease. Furthermore, an infected gallbladder, 
if allowed to remain within the abdominal cavity, is a menace to the 
security of the biliary ducts, pancreas, liver, duodenum and organism as 
a whole. 

[Compilers’ Note. — In most surgical clinics, cholecystectomy is 
now performed in preference to cholecystostomy in cases of chronic 
cholecystitis. Concerning the treatment for acute cholecystitis, there is 
not very uniform agreement. We prefer, whenever possible, to let the 
acute condition subside and then to remove the gallbladder. Cholecys- 
tostomy is done only when some particularly difficult technical procedure 
presents itself or the poor condition of the patient demands the least 
dangerous operation. In some jaundiced patients, also, it is advisable 
to leave in the gallbladder, as it may be useful later if a condition arose 
which necessitated an anastomosis between the biliary and the intestinal 
tracts.] 

Pribram reported a procedure he had used in about 200 cases of 
cholelithiasis, which has been successful in the most complicated and 
difficult cases and which has permitted him to carry out the principle of 
abdominal closure without drainage. The reasons which usually have 

11. DeCourcy, J. L. ; Cholecystectomy or Cholecystostomy? Internat. T. Med 
& Surg. 41:426, 1928. 

12. Pribram, B. O.; Mukoklase und drainagelose Gallenchirurgie, Zentralbl 
f. Chir. 55:773, 1928. 
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been given against closure without drainage are the danger of a ligature 
slipping off the cystic duct, secondary hemorrhage and drainage of bile 
from the hepatic surface. The last mentioned complication is the one 
most frequently encountered. To avoid this complication, Pribram 
carries out the following technic: The gallbladder is first drained of 
all bile by means of suction, and with scissors a longitudinal slit is made 
in the gallbladder from the fundus to the cystic duct; all stones are 
removed ; the exposed cystic duct is now cut between two ligatures, the 
mucous surfaces of the gallbladder then are charred by means of the 
actual cautery and any small hepatic abscesses lying behind the gall- 
bladder are likewise destroyed; cauterization extends through to the 
serosa of the gallbladder; the two cauterized flaps of the gallbladder are 
then inverted into the fossa of the gallbladder and the serosal surfaces 
of the gallbladder are sutured over the fossa. 

The method is recommended for those cases of cholecystic disease in 
which subserous extirpation of the gallbladder is technically impossible 
because of inflammatory changes in the wall. Raw surfaces in the fossa 
of the gallbladder thus are eliminated. 

Biliary-Intestinal Anastomosing Operations . — ^Judd and Parker'® 
studied 137 consecutive cases in which anastomosis of the biliary and 
gastro-intestinal tracts was carried out from 1919 to 1924. There were 
34 cases of carcinoma of the pancreas. Contrary to the general teach- 
ing, colic with jaundice occurred in 35.29 per cent of these cases, pain 
with jaundice in 23.52 per cent and colic, pain and jaundice in 2.94 per 
cent. Thus colic or pain, or both, with jaundice occurred in 61.75 per 
cent and jaundice without pain in only 38.23 per cent of cases. Inter- 
mittent jaundice occurred in 5 of the 12 cases with colic alone. Gall- 
stones were found in only 1 case. Cholecystogastrostomy was the 
operation of choice in this group, and was performed in 26 of the 
34 cases. The average postoperative duration of life was 7.7 months. 
The relief from jaundice in patients who survived operation was com- 
plete and permanent in 63.63 per cent of cases. 

Carcinoma of the biliary ducts occurred 9 times in the series. The 
lesion was situated at the ampulla in 6 cases. Colic with jaundice 
occurred in 22.22 per cent, pain with jaundice in 44.44 per cent and 
jaundice without pain in 33.33 per cent of cases. Cholecystogastros- 
tomy was the operation of choice. The average postoperative dura- 
tion of life was 12.2 months. 

There were 14 cases in which it was impossible at operation to 
determine if the lesion was carcinoma of the pancreas or pancreatitis. 

13. Judd, E. S., and Parker, B. R,: Biliary Intestinal Anastomosis for 
Obstructive Jaundice: Analysis of 137 Consecutive Cases, Arch. Surg. 17.1 
(July) 1928. 
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In this group jaundice without pain was present in 71.42 per cent of 
cases. Cholecystogastrostoni}^ was again the operation of choice. Of 
this group, 4 patients are alive; 2 have lived six years; 1, more than 
three years, and 1 for one year. Eleven cases of pancreatitis are 
reported. Of these, 6 patients had pain and colic, and 5 did not have 
pain or colic. 

There were 62 cases of stenosis of the biliary ducts. All but one 
of these patients had been operated on previously. This patient had 
acute cholecystitis with stones and a dense cicatricial stricture of the 
duct. In some patients, the trouble appeared immediately after oper- 
ation, and in others obstructive symptoms did not occur until a number 
of months following operation. In several cases the stricture probably 
was due to continuation of the inflammation of the biliary duct, 
obliterative cholangitis. Pain and colic were common symptoms. In 
only 3 cases there was no jaundice; in all the others intermittent jaun- 
dice of some degree was present. Hepaticoduodenostomy was the 
operation of choice. Seventeen patients are living and cured more than 
five years postoperatively ; 16 are greatly improved from two to six 
years postoperatively ; 9 are in only fair health ; 2 have occasional attacks 
of pain, chills with fever and jaundice, but little dyspepsia. Partial or 
complete contraction of the stoma occurred in 7 of the 47 cases in which 
hepaticoduodenostomy had been performed for stricture. Return of 
symptoms occurred from one to six months postoperatively. Recon- 
struction over a tube was carried out in each case. Six patients sur- 
vived operation ; 2 are completely relieved of symptoms three and a half 
and four years postoperatively ; 3 are much improved. One patient, who 
apparently was recovered from biliary obstruction, died one and a 
half years after operation from acute gastric obstruction. 

Drainage . — ^Richter and Zimmerman have closed the abdomen 
without drainage in operations on the gallbladder for over twelve years 
and are convinced of the safety and of the advantages gained in 
omitting the drain. They also close without drainage after work on 
the common duct and after transduodenal choledochotomy as well as 
after simple cholecystectomy. They usually follow this practice in 
acutely infected cases as well as in chronic cases and in relatively aseptic 
cases. The}^ do not regard the spilling of bile or of duodenal contents in 
the field of operation as a contraindication to primary closure. If 
theie is uncontrollable oozing, or if in operations on the common bile 
duct accurate closure of the duct is not possible or some other special 
contraindication exists, drains are used. Richter and Zimmei-man have 
made primary closure in 262 operations on the biliary tract. 

14. Richter, H, M., and Zimmerman, L. M.: Closure of the Abdomen Without 

rainage After Operations Upon the Bile Ducts, Ann. Surg. 88:187, 1928. 
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TJieir report is based on 418 operations done in consecutive cases 
of disease of the biliary tract. Cholecystectomy was done in 323 cases 
65 times with additional work on the common duct and 25 times 
associated with some other major abdominal surgical procedure. In 
the 232 operations of cholecystectomy, the wound was drained in 70 and 
closed primarily without drainage in 253 cases. Simple cholecystectomy 
with primary closure was done 204 times with 2 deaths, an average 
mortality rate of 0.9S per cent. One death was due to acute pancreatitis, 
the other to pulmonary embolism. The average mortality in all the 
cholecystectomized cases, including those with work on the common 
duct, or other major operative procedures, was 3.39 per cent. The 
percentage of fatalities is higher in the groups in which drainage was 
allowed than in those in which it was not provided for; the explanation 
is that the most difficult cases are those in which drainage most often 
is required. The common bile duct was operated on 84 times in this 
series; in 55 cases with drainage and in 29 with primar}^ closure. Of 
the group of 55 patients, 10 died, and there were 2 deaths in the 29 cases 
without drainage. There were 23 deaths in the entire series, an 
operative mortality of 5.5 per cent. Sixteen of the 23 deaths were in 
cases in which drainage was allowed, whereas only 7 deaths occurred 
in the cases without drainage. Among the cases in which drainage 
was not instituted there was only 1 death from peritonitis. In this case 
cholecystectomy and transduodenal exploration of the common bile duct 
was done. 

The advantage of omitting the drain is that the postoperative dis- 
comforts are minimized, the incidence of infection and hernia is less 
and the period of convalescence is shortened. The frequent escape of 
bile seen after operation in which the incision is drained is not seen if 
the drain is omitted. Two cases are cited in which operation was done 
elsewhere; because of technical errors a large amount of bile accumu- 
lated in the abdominal cavity, remained some time and apparently was 
well tolerated. 

Wangensteen,^” as a result of an experimental and clinical study and 
an extensive review of the literature pertaining to the question of 
drainage in operations on the gallbladder, concluded that all wounds in 
cholecystectomy should be drained. 

[Compilers’ Note. — ^While certain rules can be laid down for either 
draining or not draining in surgical cases, in the final analysis the ques- 
tion remains one for each surgeon to decide from his own experience. 
We have closed the abdominal wound- without drainage in a number in 
which cholecystectomy was performed. Each case must be decided indi- 

15. Wangensteen, O. H.: Should the Gall-Bladder be Removed Without 
Drainage? Ann. Surg. 84:821, 1926. 
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vidually, and if the drain safely can be omitted, we find that the patient 
has a smoother and more rapid convalescence. We always institute 
drainage after surgical procedures on the common bile duct.] 

Anomalies . — Bower reported a case of a man, aged 50, who was 
operated on because of severe pain in the upper right portion of the 
abdomen. The diagnosis was acute pancreatitis or perforated duodenal 
ulcer. At operation, the liver was found to be entirely without a left 
lobe and a gallbladder or fissure was not present; extrahepatic ducts 
could not be definitely demonstrated. The head of the pancreas was 
swollen and firm. 

An abstract of previously reported cases is given, which included 
13 cases of absence of the gallbladder and all ducts, 14 cases of absence 
of the gallbladder, cystic and common bile ducts and 31 cases of absence 
of the gallbladder and cystic duct. Other anomalies are also briefly 
discussed. 

[Compilers’ Note. — ^V\^e have seen a case of congenital absence of 
the gallbladder which was discovered at necropsy in a patient who dur- 
ing life had not had manifestations of cholecystic disease. The common 
duct was only slightly larger than normal. At operation, one sometimes 
has to search carefully for a gallbladder which has been totally 
destroyed as a result of chronic inflammation. Often only a little bit of 
shrivelled scar tissue remains.] 

Cholecystography . — Dick and Wallace presented two cases with 
untoward reactions following the intravenous injection of sodium tetra- 
iodophenolphthalein for cholecystography. In one, acute hemorrhagic 
pancreatitis followed immediately the injection of the dye. In another, 
jaundice developed following the use of the dye, and in a third case 
death resulted from the oral administration of the dye in a young jaun- 
diced patient. 

Experimentally, normal bile to which sodium tetraiodophenol- 
phthalein was added was introduced into pancreatic ducts and it pro- 
duced acute pancreatitis. From this it might be inferred that in the 
presence of a stone of the common bile duct a similar reflux into the 
pancreatic ducts of bile containing the salt might occur and cause pan- 
creatitis. In cases of obstructive jaundice, small quantities of sodium 
tetraiodophenolphthalein were found in the pancreatic juice, and from 
this Dick and Wallace concluded that injury to the pancreas is possible 
when the dye is used in cases of obstructive jaundice. They believed 

16. Bower, J. O. ; Congenital Absence of the Gall-Bladder, Ann. Surg 88-80 

1928. , 

17. Dick, B. 11., and Wallace, V. G. H. ; Cholecystography; Toxic Effects 
of the Dj-es: A Clinical and Experimental Study, Brit. J. Surg. 15:360, 1927- 
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that in the presence of the hepatic injury tiiat is found in obstructive 
jaundice, the dye is more toxic in its effect than when the livers are 
not so injured. 

[Compilers’ Note. — Mild untoward reactions such as nausea, vom- 
iting and purging occasional^ follow the administration of the salts of 
bromine and iodine used in cholecystograph 3 L Severe reactions for- 
tunately are rare. Kirklin and Kendall have recently prepared a new 
compound, di-iodo-di-ethjd-ether of di-salicjdphthalein, which is admin- 
istered orally in the form of a 10 per cent aqueous solution of its sodium 
salt. The drug is less toxic than those in general use.] 

FALCIFORM LIGAMENT 

Schmieden and Peiper studied the development, comparative 
anatomy, histology and pathology of the ligamentum teres hepatis. They 
found that it reaches its highest state of development in man. It is not 
a suspensory ligament of the liver, but together with the lateral umbilical 
ligaments and the fascia umbilicalis, all of which are closely interwoven 
in the region of the umbilicus, the falciform ligament forms a -support 
for the anterior abdominal wall. The ligamentum teres hepatis contains 
a number of blood vessels and lymph channels and also a great deal of 
smooth muscle and apparently is capable of lengthening and shortening 
under nervous control, although this has not been definitely demon- 
strated. The authors have seen two cases in which pathologically pro- 
duced shortening of the ligament caused symptoms in the upper part of 
the abdomen which were relieved by dividing it. They were of the 
opinion that this shortening is due to a chronic inflammatory process. 
The ligament furnishes a bridge between the retroperitoneal tissues and 
the anterior abdominal wall. In acute pancreatitis, it is often endematous 
and contains areas of fat necrosis. It is suggested that the umbilical 
colic in appendicitis in children may be due to spasm of the smooth 
muscle of the ligament. 

The falciform ligament also is important as a pathway for the 
spread of carcinoma. Metastasis has been found in the ligament in 
carcinoma of the stomach and liver. Together with the umbilical liga- 
ments, the falciform ligament may furnish the route by which 
carcinoma of the rectum metastasizes to the liver. In primary malig- 
nant tumors of the umbilicus, as much of the ligament should be excised 
as possible. The vessels of the ligamentum teres hepatis form an anasto- 
mosis with those of the abdominal wall on one side and with the portal 

IS.'Kirklin, B. R., and Kendall, E. C.: New Iodine Compound for Chole- 
cystography, Radiology 9:205, 1927. 

19. Schmieden, Viktor, and Peiper, Herbert: Die Chirurgie des Ligamentum 
teres hepatis, Arch. f. klin. Chir. 152 : 393 , 1928, 
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vein on the other. This is of significance in cirrhosis of the liver, and 
Talma’s operation, therefore, should be done not above but below the 
umbilicus in order to avoid interfering with the natural compensatory 
circulation furnished by the ligamentum teres hepatis. 

[Compilers’ Note.— The falciform ligament has wide normal varia- 
tions in form, structure and vascularity. We never have hesitated to 
divide the ligament when doing so would give better exposure of the 
field of operation. The advantages of dividing it are particularly evident 
in operations on the biliary tract. We have always been careful to 
reunite the cut ends of the ligament before closing the abdominal wound 
and are not aware of any ill effects resulting from this procedure.] 

PANCREAS 

Schmieden and Sebening-“ reviewed a series of 1,510 cases of acute 
pancreatic rvectcais cccnrring airvce 191S. In. this, series, 980 ca^es were 
in women and 520 in men. Operation was performed on 1,278 patients. 
There are numerous theories as to the cause of acute pancreatitis, but 
diseases of the biliary tract are of greatest significance in its etiology. 
Of 1,278 cases in which operation was performed for acute pancreatic 
necrosis, there was disease of the biliary tract in 894 (69.8 per cent). 
In 31 cases of acute pancreatitis associated with gallstones the authors 
found stones in the ampulla in 7. Schmieden and Sebening reported 
38 cases of pancreatitis after operations on the biliary tract, of which 24 
followed cholecystectomy. A preoperative diagnosis of pancreatitis is 
not often made. The diastase reaction of Wohlgemuth is of diagnostic 
value. A correct diagnosis was made in 21.8 per cent and a probable 
diagnosis in 17.5 per cent of all the patients operated on. The incorrect 
diagnosis most frequently made was acute cholecystitis. 

Early operation is imperative, as 95 per cent of patients not operated 
on die. In Schmieden and Sebening’s series, the operative mortality 
was 51.2 per cent. In addition to instituting drainage, significant lesions 
of the biliary tract should be remedied. In the patients who recover 
from the operation, the prognosis is good. Of 624 patients who lived, 
only 26 had recurrences. There may be a temporary diminution in 
dextrose tolerance; diabetes followed in 18 cases of this series. In 6 
cases, chronic pancreatitis developed. 

Chronic pancreatitis is generally a medical problem. The condition 
IS hard to recognize even with the abdomen open, as the size and con- 
sistency of the gland vary greatly under normal conditions and during 
different phases of digestion. It is difficult to distinguish pancreatitis 
from carcinoma. Of a series of 308 patients, 127 had jaundice. 

-0. Schmieden and Sebening, W. ; Chirurgie des Pankreas, Arch. f. klin 
Our. 148:319, 1927. 
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A series of 20 cases of pancreatic stones is reported, 11 of which 
were removed at operation. All these patients recovered. Of the 20 
cases of pancreatic stones, only 2 were demonstrated by the roentgen 
rays. One hundred and twenty-eight pancreatic cysts are reported, most 
of which were drained to the outside ; a few showed anastomosis to the 
gallbladder or intestinal tract. Operation in traumatic injury of the 
pancreas aims to convey the secretions to the outside. 

Coenen has interested himself in a clinical investigation to deter- 
mine in which cases of acute pancreatic necrosis drainage of the common 
bile duct, without incision and drainage of the pancreas, is indicated. 
Unfortunately, the anatomic and physiologic relationship of the biliary 
and pancreatic ducts is not such that in the majority of cases the toxic 
syndrome of pancreatic necrosis can be attributed to the presence of 
bile in the pancreas. Coenen expressed the belief that the common bile 
duct should not be drained primarily in every case of acute pancreatitis, 
since this method would bring relief only in those cases in which the 
pancreatic necrosis originated from the penetration of bile into the 
pancreatic system. Pancreatitis originating in other, ways would not be 
affected by drainage of the choledochus. 

In acute pancreatitis any unnecessary delay in instituting a surgical 
procedure ma}' seriously handicap the chances of a patient’s recovery. 
Free incision of the diseased pancreas and drainage with gauze strips 
and rubber tubing are of value in acute pancreatitis. 

An absolute indication for drainage of the choledochus may be said 
to exist, if on examination of the biliary system an associated cholecysti- 
tis and cholelithiasis is found to be present. A relative indication for 
drainage of the choledochus exists if the common bile duct is dilated, or 
if cloudy bile is aspirated from the common bile duct in cases of pan- 
creatic necrosis. In cases of traumatic pancreatic necrosis drainage of 
the common bile duct should be instituted only when the common duct 
is injured. 

Grassberger *■ studied quantitatively the pancreatic ferments in the 
blood in diseases of the pancreas, paying especial attention to those 
patients with gastric or duodenal ulcer penetrating into the pancreas. 
He investigated especially the atoxyl resisting lipases which are specific 
to the pancreas. There is no method as yet for differentiating the 
diastase of the pancreas from that of the salivary glands. Grassberger 
showed that pancreatic ferments in the blood vary but little under nor- 
mal conditions and after operations on abdominal organs other than the 

21. Coenen, H. : Zur Indikationsstellung der Gallengangsdrainage bci der 
Pankreasnekrose, Zentralbl. f. Chir. 55:900, 1928. 

22. Grassberger, A. : Fermentuntersuchungen iw Blut bei Pankreaserkrank- 
ungen mit besonderer Beriicksichtigung des in das Pankreas penetrierenden Magcn- 
Duodenalulcus, Deutsche Ztschr. f. Chir. 210:293, 1928. 
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pancreas. In a series of gastric and duodenal ulcers, he was unable 
to determine whether or not they had penetrated into the head of the 
pancreas by a study of the ferments in the blood. In acute disease of 
the pancreas superimposed on a chronically diseased organ there is an 
increase in the pancreatic lipases in the blood. 

Bernhard-^ was able to demonstrate hyperglycemia in pancreatic 
diseases. In mild cases, SO Gm. of dextrose is given by mouth and even 
those patients with only slight pancreatic necrosis showed a delayed 
curve of blood sugar. The method is of value in distinguishing between 
disease of the biliary tract and pancreas in certain mild, obscure cases. 
The hyperglycemia is due probably to decreased production of insulin, 
and the administration of insulin to the patient is indicated. Bernhard 
was of the opinion that diseases of the pancreas are a more frequent 
cause of symptoms referable to the upper part of the abdomen than is 
generally realized. 

[Compilers’ Note. — ^The diagnosis of chronic pancreatitis, even 
with the abdomen open, is not always easily made, nor can its degree 
be accurately measured. Chronic pancreatitis does, however, occur 
frequently in association with chronic cholecystitis and seems to be a 
frequent cause of the continuation of symptoms following cholecystec- 
tomy. Patients with pancreatitis may continue to have symptoms for 
from several months to a year or more after operation. In giving a 
prognosis, it is important to bear this fact in mind. 

In excising a gastric ulcer that is adherent to the pancreas, or in 
doing a resection for gastric ulcer or carcinoma of the stomach, we 
frequently have been forced to resect a small portion of the pancreas. 
Occasionally when this has been done a little pancreatic fluid will drain 
for a time. In all our cases, however, healing has been spontaneous and 
there have been no untoward effects. 

The problem presented by acute pancreatic necrosis is by far the 
most serious one in diseases of the pancreas. Early operation is impera- 
tive, a procedure which sometimes is handicapped by the difficulty in 
making the diagnosis. Occasionally a true pancreatic abscess forms 
which may work its way to the anterior abdominal wall. We have seen 
this occur preoperatively and also following operations on the biliary 
tract.] 

SPLEEN 

Spence suggested that purpura hemorrhagica is a disease of the 
whole reticulo-endothelial system and that three different types exist 
depending on the part involved and the extent of involvement. Splenec- 

23. Bernhard, F. ; Ueber die Hyperglykaemie bei akuten Pankreaserkrankun- 
gen, Deutsche Ztschr. f. Chir. 212:209, 1928. 

T, Tlie Results of Splenectomy for Purpura Haemorrhagica 

Bnt. J. Surg. 15:466, 1927-1928. 
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tomy, it is known, brings about a cure in some types of purpura 
hemorrhagica, and in other types it is not of value. This may be 
explained by the fact that probably the underlying pathologic cause is 
elsewhere in the reticulo-endothelial sy'stem and not in the spleen in these 
cases in which splenectomy is not of benefit. 

The three ty'pes described by Spence are: first, those in which the 
whole reticulo-endothelial system is uniformly affected. The diseased 
megakaryocytes produce defective platelets which are destroyed in 
excess by a diseased spleen as well as by the remainder of the reticulo- 
endothelial system. In these cases, splenectomy gives poor results. The 
second type are those cases in whicli the spleen is chiefly affected and the 
platelets are destroyed by the diseased spleen. Compensating for this 
rapid destruction of platelets, the megakaryocytes are overworked and 
are stimulated to produce defective platelets. When the spleen is 
removed, the rapid destruction of platelets ceases and the bone marrow 
is enabled to recover and to produce normal platelets. In this type, 
splenectomy is of great service. The third tj'pe are those cases in which 
the injur}'- is to the bone marrow and extrasplenic reticulo-endothelial 
system rather than to the spleen. Obviously, splenectomy in this type is 
useless. 

Green stated that splenectomy for thrombocytopenic purpura 
hemorrhagica is a purely empiric procedure and is based on the 
knowledge that splenectomy produces an increase in the blood platelets 
or thrombocytes. Investigators have shown that splenectomy causes 
this increase of platelets immediately, and in large numbers, and that 
they appear in increasingly greater numbers each day, reaching their 
greatest height from the tenth to the fourteenth day. Following this 
they subside to the normal figure in from three to four weeks. Little 
is known of the etiology or pathology' of thrombocy'topenic purpura, and 
differentiation from other diseases of the blood is often difficult. Werl- 
hof first separated purpura hemorrhagica from other hemorrhagic 
diseases in 1731. 

The essential characteristics of purpura hemorrhagica are: marked 
decrease of platelets, normal coagulation time, delayed bleeding time, 
no retraction of the clot and no variation in the cellular elements of the 
blood. Unless these factors can be demonstrated, one should hesitate 
before calling a given condition purpura hemorrhagica and splenectomy 
should not be done. 

Brill and Rosenthal first associated thrombocy'topenic purpura with 
the reticulo-endothelial system. The cells of this system are found in 
the blood sinuses of the spleen, the sinuses of the lymph nodes, the 

25. Green, T. M. ; Splenectomy for Thrombocytopenic Purpura Hemorrha- 
gica, Internat. J. itied. & Surg. 41:487, 1928. 
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capillaries of the hepatic lobules and in the capillaries of the bone 
marrow. Some of these cells also are observed wandering throughout 
the connective tissues of the body and also, clustered about the capil 
laries. These cells are known as Rouget cells and seem to exert definite 
control over the passage of the cellular elements of the blood through 
the capillary wall. 

In 1916, Kaznelson advocated splenectomy for this condition on the 
assumption that the disease was due to excessive destruction of the 
blood platelets from overactivity of that portion of the reticulo- 
endothelial system situated within the spleen. When other portions of 
this system are at fault, as in Gaucher’s disease, splenectomy is useless 
since the affected part of the reticulo-endothelial system lies within the 
lymph nodes and bone marrow. Focal infection has been given as a 
causative factor in the dysfunction of the reticulo-endothelial system. 
In the application of the tourniquet, petechiae do not appear in acute 
cases and do appear in the chronic cases. The bleeding is usually 
capillary and, when visible, is in the nature of oozing from the gums, 
the nose, the uterus, the bowel and the kidney. Treatment consists of 
transfusion and splenectomy, neither of which is aimed at the true 
etiology. Transfusions are repeated during the acute stage and splen- 
ectomy is considered only when the disease becomes chronic. Irradiation 
with ultraviolet rays, in the author’s opinion, is not of value. Green 
reported a case of thrombocjdopenic purpura successfully treated by 
repeated transfusions and splenectomy. 

Anschutz observed that the prospects for cure by splenectomy in 
cases of chronic essential thrombopenia are satisfactory in the few cases 
studied, especially when the blood platelets remain high. Splenectomy 
in cases with low platelet counts also has given satisfactory results. The 
operative mortality ranges from 6 to 8 per cent in the chronic cases as 
compared with 70 to 80 per cent in the acute cases. The rapid course 
of the disease makes it imperative to choose the proper period of the 
disease for surgical intervention. The indications for surgical inter- 
vention depend on the duration and severity of the disease. The compli- 
cations following splenectomy done in acute cases do not appear 
following operation done during the chronic stage. 

[Compilers’ Note. — Our knowledge of the dyscrasias associated 
with splenomegaly is increasing. The value of splenectomy in some 
of these conditions remains problematic. Giffin -' stated, however, that 
in two diseases, namel}^ hemol}'tic jaundice and purpura hemorrhagica, 

26. Anschutz, W. : Ueber Milze.xstirpation bei Thrombopenien mit besonderer 
Bcriicksichtigung der akuten Falle, Beitr. z. klin. Chir. 142:1, 1928. 

27. Giffin. H. Z. ; Splenectomy, In: Collected Papers of the Mavo Clinic, 
Philadelphia, W. B. Saunders Company, 1927, xol. 19, pp. 637-644. 
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the I'esults following splenectomy are so uniformly good that the indi- 
cation for the operation depends almost entirely on a satisfactory diag- 
nosis being made. W. J. Mayo"® said that it is in the three blood 
dyscrasias, splenic anemia, hemolytic icterus and purpura hemorrhagica, 
that splenectomy is seen at its best.] 

STOJIACH 

Duodenal and Gastric Ulcers. — Deaver"® was of the opinion that 
operation is preferable to medical management in chronic ulcers of the 
duodenum and stomach. In bleeding duodenal ulcers, excision bj' knife 
or cautery, if possible, is advisable, and this should be followed with 
gastroduodenostomy or gastro-enterostomy. Deaver does not advocate 
subtotal gastrectomy for duodenal ulcer, unless, in the case of a bleeding 
ulcer, it is not i^ossible to remove all of the periulcerous exudate with 
the ulcer. Subtotal gastrectonw, however, is indicated in gastric ulcer 
with very few exceptions. He favors the Billroth II type of resection. 

Lewishon said that duodenal ulcers and gastric ulcers are grouped 
collectively under the term gastroduodenal ulcers by many European 
surgeons because they believe that the etiologic factors are the same in 
both lesions. There are three surgical methods of treating ulcers: 
(1) local excision with or without gastro-enterostomy, a procedure which 
is often impossible because of an immobile duodenum or because of the 
site of the ulcer ; (2) sleeve resection, which may or may not result in an 
hour-glass contraction of the stomach, and (3) partial or subtotal 
gastrectomy. 

Lewishon stated that subtotal gastrectomy for both gastric and 
duodenal ulcer is the operation of choice because in this procedure the 
ulcers are entirely removed ; the acid-bearing portion of the stomach is 
removed and the gastric acidity is greatly reduced thereby. He said 
that the mortality is low and the number of recurrences is less than after 
gastro-enterostomy. 

[Compilers’ Note. — Duodenal ulcer and gastric ulcer are separate 
and distinct lesions. Their etiology is not known. Duodenal ulcer 
occurs ten times as frequently as gastric ulcer. A duodenal ulcer almost 
never becomes malignant. Gastric ulcer may be malignant from the 
start, or it may become malignant. Duodenal ulcer is a combined 
medical and surgical problem.' Every gastric ulcer is a surgical problem. 

28. Mayo, W. J.: The Enlarged Spleen, In: Collected Papers of the Mayo 
Clinic, Philadelphia, 'W. B. Saunders Company, 1927, vol. 19, pp. 624-631. 

29. Deaver, J. B. : Chronic Ulcer of Duodenum and Stomach, Surg. Gynec. 
Obst. 46:161, 1928. 

30. Lewishon, Richard: Gastroduodenal Ulcers: Partial Gastrectomy Versus 
Gastro-Enterostomy in Their Surgical Treatment, J. A. M. A. 89:1649 (Nov. 12) 
1927. 
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Whenever possible in duodenal ulcer, we excise the lesion, take out a 
section of the pyloric sphincter muscle and close it as in gastro- 
duodenostomy. All gastric ulcers should be excised. This is done 
either by local excision combined with gastro-enterostomy or by partial 
gastric resection. Occasionally a gastric ulcer is so situated that it 
cannot be excised.] 

Hemorrhage from the Stomach and Duodenum . — Balfour said 
that massive hemorrhage in patients with duodenal and gastric ulcer 
rarely is fatal, and that repeated hemorrhages may or may not result in 
severe secondary anemia. Surgical treatment in acute, massive gastric 
hemorrhage is to be avoided because the mortality rate is higher than 
when patients are treated by medical means. Duodenal ulcer is the most 
common cause of hemorrhage from the stomach and duodenum. Of 
1,072 patients operated on for duodenal ulcer, there was a history of 
gross hemorrhage in 184 (18 per cent). Blood was passed by bowel 
alone in 25 per cent, and was vomited alone in 27 per cent. Forty-eight 
per cent of patients gave a history of having vomited blood and passed 
it by rectum. Half of the patients had one hemorrhage only ; the other 
half could recall two or more hemorrhages. The intervals between 
hemorrhages varied from one month to eighteen years. Patients with 
duodenitis may or may not give a history of hemorrhage. The causes 
of gastric and duodenal hemorrhage are not clear. Sometimes erosion 
of the gastroduodenal or superior pancreaticoduodenal artery seems to 
be the cause. In some cases gross defect cannot be found in the mucous 
membrane to account for the hemorrhage. 

Mann, as a result of his experience in experimentally produced 
ulcers in dogs, was of the opinion that the hemorrhage may come from 
vascular buds in the granulation tissue which forms in the base of a 
healing ulcer or that actual mucous erosions are responsible. Such 
erosions often heal with great rapidity and do not leave a scar. 

The treatment for duodenal ulcer associated with hemorrhage is sur- 
gical. The object is to relieve the patient of the symptoms of ulcer 
and^ to protect him against recurrence of the hemorrhage. Direct 
excision of the lesion, or cauterization, are the best methods of attack. 
Indirect operative procedures are of less value. Balfour stated that 
only 22 per cent of duodenal ulcers can be excised. 

Balfour found that gastric ulcer is complicated by gross hemorrhage 
in 20 per cent of cases. Fatal hemorrhage from a gastric ulcer is rare. 
In bleeding gastric ulcers hematemesis occurred alone in 28 per cent, 
melena alone in 10 per cent, and both hematemesis and melena occurred 
m the same person in 62 per cent of cases. Gastric ulcers were surgi- 

Balfour, D. C: Management of Lesions of the Stomach and Duodenum 
t-omplicatcd by Hemorrhage, J. A. :M. A. 89:1656 (Nov. 12) 1927. 
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call}' accessible in 87 ]5er cent of cases. In gastric carcinoma, gross 
hemorrhage occurred in only 7.5 per cent of cases, ilicroscopic hemor- 
rhage, on the other hand, is common in cases of carcinoma. 

Delore and de Girardier stated that the question of whether 
hemorrhage from gastric or duodenal ulcers belongs to the domain of 
the clinician or the surgeon is still a subject of debate. Cases of hemor- 
rhage cannot he referred to as mild, moderate and severe, because 
alarming S3'mptoms may arise in cases of profuse hemorrhage and yet 
the patient may make a rapid recovery provided hemorrhage does not 
recur. The difficulty and danger lie in recurrence of the bleeding. The 
source of the hemorrhage varies. It may come from the highly inflamed 
mucosa surrounding the ulcer or from erosions of smaller or larger 
vessels ; the latter occurrence is more frequent than is generally thought. 
The prognosis in each case is therefore doubtful. The medical treat- 
ment consists of rest, lavage with hot water, injections of serum and 
blood transfusions. Why one patient may recover and another may not, 
under medical treatment, cannot be determined. Surgical treatment, 
therefore, is justified, although its seriousness is not to be minimized. 
If the patient comes under obscn^ation during the first hemorrhage, 
operation should be postponed until he has recovered from the immedi- 
ate shock. If a patient comes under observation after repeated hemor- 
rhage, the indication for operative procedure is further supported. 
Delore and de Girardier stated that the ideal procedure at operation 
is resection. Gastro-enterostomy should be limited to those cases with 
stenosis of the duodenum. 

[Compilers’ Note. — In both preoperatiA'e and postoperative bleed- 
ing from the stomach or duodenum, it is well to wait as long as possible 
before resorting to transfusion of blood. The sudden rise in blood 
pressure following transfusion frequently starts a fresh hemorrhage 
and may do more harm than good.] 

Gastrojejunal Ulcers. — ^\V right believed that gastrojejunal ulcers 
may occur after partial gastrectomy, rarely after pyloroplasty, and most 
often after gastro-enterostomy. He expressed the opinion that the 
cause of the primary ulcer is probably, also, the cause of the secondary 
ulcer. Gastric acidity is an important etiologic factor because the 
secondary ulcers form at the stoma where the acids have not yet been 
neutralized and because gastrojejunal ulceration occurs most commonly 
after gastro-enterostomy for duodenal ulcer which is accompanied by 
high acidity. Gastrojejunal ulcers occur less frequently following 
gastro-enterostomy in patients in whom the acids have been markedi)' 

32. Delore, X., and de Girardier, J. : Au suject du traitement chirurgical de? 
hemorragies gastro-duodenales d’orgine ulcereuse, Presse med. 36:1092, 1928. 

33. Wright, G. : Gastro-Jejunal Ulceration, Canad. J. iM. & S. 63:8, 1928 
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reduced by operation. The type of suture material used, and the use of 
clamps, are not of much significance in the etiolog 3 n Infection is a 
more significant factor, and Wright never does gastro-enterostomy in 
the presence of perforation, preferring merely to close the opening. 

Gastrojejunal ulceration usually follows gastro-enterostomy, espe- 
cially the Roux type of operation or gastro-enterostomy with entero- 
enterostomy. Fifty per cent of the secondary ulcerations are on the 
line of the anastomosis and encroach on both the stomach and the 
jejunum. Gastrocolic fistula, when present, usually follows posterior 
gastro-enterostomy. When secondar\’ ulceration occurs after anterior 
gastro-enterostomy, it frequently presents itself in the anterior 
abdominal wall. Tenderness over the left rectus muscle, opposite or a 
little below the umbilicus, is an important physical sign. Roent- 
genographic examination may show irregularity of the stoma, and the 
stoma always is narrowed. 

The methods of treatment have varied. The ulcer may be excised 
locally; the anastomosis may be excised together with the ulcer and a 
new anastomosis may be made; the anastomosis ma}' be excised and 
the normal gastro-intestinal channel may be restored; finally partial 
gastrectomy may be done, which according to Wright is the operation 
of choice. When a jejunocolic or gastrocolic fistula is present, the 
organs must be separated and the opening in the colon must be closed, 
after which the other conditions are attended to. It is best to do a 
secondar}- operation before a colonic fistula develops. 

Lcwishon reported 92 operations of gastro-enterostomy for ulcer 
of the duodenum at iMount Sinai Hospital in Xew' York from 1915 to 
1920. Of these, 47 per cent resulted in cure, 19 per cent of the patients 
still had slight complaints and 34 per cent developed gastrojejunal 
ulcers. Since November, 1922, all patients with duodenal and gastric 
ulcers at Ulount Sinai Hospital have been treated by subtotal gastrec- 
tomy. Lewishon recommended this procedure without hesitation in all 
cases of gastric and duodenal ulcers. 

[Compilers' Note. — The percentage of jejunal ulcers following 
gastro-enterostomy for duodenal ulcer is difficult to determine, but in 
our experience the frequency is about 3 per cent. Gastrojejunal ulcera- 
tion occasional!}’ follows partial gastrectomy for duodenal ulcer. We 
believe that most duodenal ulcers can be handled better by some less 
radical procedure than partial gastric resection. That absolutely sound 
principles have not been arrived at in the treatment for duodenal ulcer 
IS shown by the different methods used in various clinics and is perhaps 
best exemplified by what has happened at Bier’s clinic in Berlin. There 
change has been made from doing simple gastro-enterostomy in cases 
of duodenal ulcer to the radical method of resection, then back again 
to doing gastro-enterostomy, and at the present time a stand midway 
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between the two is taken. We prefer, if possible, to excise duodenal 
ulcers, but gastro-enterostomy has given - excellent results in many 
cases, especially if there is pyloric obstruction.] 

Starlinger has shown by experiments on dogs that the mucosa of 
the descending portion of the duodenum has increased resistance against 
formation of ulcer. He does not believe that it is the neutralizing effect 
of bile and pancreatic secretion alone which prevents iormation of 
ulcer in dogs after end-to-side gastroduodenostomy. In man, this 
operation may be considered as especially likel)^ to prevent the formation 
of secondary ulcers. In this procedure, however, there is the possi- 
bility of obstruction by pressure from the superior mesenteric artery. 
Starlinger has tried to prevent this by a modification in technic. He 
mobilizes the duodenum from both sides, cuts the duodenum and 
reunites it by end-to-end anastomosis in front of the mesenteric artery, 
bringing the anastomosis through a new opening in the mesocolon near 
the middle colic arter3^ He stated that only time will determine whether 
this method of gastroduodenostomj’^ modeled after the Billroth I method 
will be of value in the surgical management of cases of gastric and 
duodenal ulcer. 

Wilkie - has recently been doing gastroduodenostomy after the man- 
ner of von Eiselsberg in cases of doudenal ulcer. He joins the anterior 
portion of the stomach near the pylorus to the second portion of the 
duodenum about opposite the ampulla of Abater. In this procedure, it 
is necessary to mobilize the second and third portions of the duodenum, 
which readily can be done by incising the peritoneum along the outer or 
convex border of the duodenum. Wilkie believed that this procedure 
offers all the advantages of gastrojejunostomy and practically eliminates 
the danger of the occurrence of a secondary or stomal ulcer, because the 
acid content of the stomach is emptied into the intestine near the same 
point that the alkaline secretions, bile and pancreatic juice enter the 
bowel. 

Gastritis. — Konjetzny was of the opinion that recent anatomic 
and clinical investigations have awakened new interest in the treatment 
for gastritis. He gave the following suggestions for detecting gastritis 
in its acute and chronic form at the time of operation. In acute 
gastritis, there is marked reddening of the serosa and more or less edema 
of the gastric wall which makes it seem plastic. The regional tymph 

34. Starlinger, G. ; Versuche zur Saureresistenz und Geschwiirsbereitschaft 
des infrapapilliiren Duodenums, sowie zum Ausbau der terminolateralen Gastro- 
doudenostomie im Rahmen der ersten Methode Billroths, Arch. f. klin. Chir, 149. 
593, 1928. 

35. Konjetzny, G. E. : Gibt es eine Anzeige zur chirurgischen Behandlung 
der Gastritis? Arch. f. klin. Chir. 151:370, 1928. 
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nodes are freshly enlarged and soft. There is slight edema of the 
gastric attachments of the mesogastrium and gastrocolic ligament. 

Chronic gastritis, when associated with subacute inflammatory reac- 
tions, causes reddening of the serosa overlying the pyloric antrum. 
This corresponds to Schoemaker’s “red stomach.’ There is more or 
less thickening of the gastric wall; the thickness increases from the 
antrum to the pylorus. This increased thickness of the gastric wall, 
as the pylorus is approached, is almost pathognomonic of chronic 
gastritis. There may be tumor-like thickening of the pylorus, often with 
pyloric obstruction which Konjetzny termed “stenosing gastritis.” The 
thickening of the gastric wall may be nodular, a type which is called 
hyperplastic gastritis. Perigastritis usually is present on the posterior 
wall. There is chronic inflammatory enlargement of the lymph nodes 
along the greater and lesser curvature, most marked in the region of the 
antrum. Clinically, these two main types are often combined; the 
most marked evidence of inflammatory reaction is in the pyloric region. 

The problem of gastritis is of clinical significance; first, because of 
the frequent recurrence of attacks of acute gastritis in cases with 
chronic inflammatory changes in the gastric mucosa; second, because 
epithelial proliferation in chronic gastritis generally is conceded to have 
precancerous proclivities. 

Konjetzny discussed the indications for the surgical treatment in 
acute gastritis and presented three cases in which the clinical picture 
resembled that of perforated ulcer with peritoneal involvement. Severe 
hemorrhages may occur in gastric erosions which may develop in acute 
gastritis, and operation, in these instances, must depend on accurate 
determination of the source of the bleeding. A bleeding ulcer demands 
operation, but generalized bleeding from acute gastritis may tax the 
ingenuity of the surgeon as to whether surgical or medical management 
would give the best results. By gastrotomy, definite evidence may be 
gained of the source and nature of the bleeding. Jejunostomy has given 
good results when performed in cases of diffuse gastric hemorrhage. 
Konjetzny believed that medical treatment should be given in cases of 
simple acute ulcerative gastritis and that they should be considered of 
a surgical nature only if they fail to respond to medical management. 
Only those cases in which the gastritis is confined to the antrum pylori 
are amenable to surgical treatment. Generalized gastritis is not a 
surgical condition. 

Pj'loric stenosis and pylorospasm frequently are found associated 
with chronic gastritis. In most of the specimens of stomachs resected 
for chronic gastritis, thickening of the pyloric muscle is found. In 
hyperplastic chronic gastritis, or polypoid gastritis, there may be evi- 
dence of carcinomatous degeneration. Such precarcinomatous and 
carcinomatous areas may be present also in atrophic gastritis. The 
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polypoid form of gastritis usually can be diagnosed with the aid of the 
roentgen rays, but the diagnosis of atrophic gastritis can be made only 
by exclusion. In certain cases, gastroscopic examination has given the 
necessary evidence. 

Konjetzny said that pyloroplasty has not been found satisfactory 
in the surgical management of acute or chronic gastritis, but has proved 
of value in cases of pylorospasm without definite evidence of gastritis. 
Polypoid gastritis presents a surgical indication for resection. The 
surgical indications in cases of simple atrophic gastritis are indefinite. 
Several cases in which resection has been performed showed beginning 
carcinomatous changes, and surgical intervention in this group remains 
an open question. Gastro-enterostomy has proved definitely harmful 
in cases of simple chronic gastritis. 

[Compilers’ Note. — Inflammatory lesions have a definite place in 
diseases of the stomach and duodenum. Duodenitis, either alone or in 
association with duodenal ulcer, is relatively common. Gastritis also 
occasionally occurs alone but usually is found in association with gastric 
or duodenal ulcer. We also have operated in several cases of supposed 
gastrojejunal ulceration and have found only well marked jejunitis and 
gastritis without true ulcer.] 

Pylorospasm in Adults. — C. H. Mayo said that it is probable that 
neither duodenal nor gastric ulcer occurs without accompanying pyloric 
spasm. Disease of the appendix and gallbladder tends to produce pyloric 
spasm. The p 3 dorus and duodenum get their nerve supply from a large 
branch of the vagus that goes directly from the region of the cardia 
to the liver. For the last two years, in cases in which trouble in the 
stomach is due to reflex spasm of the pylorus, C. H. IMayo has divided 
the muscle of the pyloric ring at the upper border; in some cases also 
he has cut away the superior attachment of the first 2.5 cm. of the 
duodenum and the last 2.5 cm. of the pylorus in the hope of separating 
the branches of the vagus at this point. Because lesions at the angle 
of the stomach produce marked pylorospasm, C. H. Mayo recently has 
been dividing the tissues above the angle, cutting into the wall of the 
stomach so as to be sure of dividing the branches of the vagi. This 
slight additional procedure apparently has been of some benefit, but 
many further observations will have to be made before definite conclu- 
sions can be reached. 

Hypertrophic Pyloric Stenosis in Infants.— Kir schner^' reported 
21 consecutive operations without mortality for pylorospasm in infants. 

36. Mayo, C. H.: Division of the Vagi for Pylorospasm, Ann. Surg. 88:669, 
1928. 

37. Kirschner : Die operative Behandlung des Pylorospasmus der Sauglingc, 
Arch. f. klin. Chir. 152:509, 1928. 
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He used an incision in the median line and divided the pyloric muscle 
longitudinally ■with a knife. He emphasized that the muscle must be 
completely divided. The incision should extend a little onto the stomach 
and onto the duodenum. Kirschner considered the operation indicated 
when the infant has failed to improve after from five to eight days 
on medical management. 

Kiihl,®® in discussing Kirschner's paper, pointed out that it is 
incorrect to give the impression that there is no risk in operating on 
infants for pylorospasm. He estimated the mortality rate at about 
16 per cent. 

Cardiospasm. — Keller,®® in a case in which nonoperative dilatation 
of the cardia was unsuccessful, made an anastomosis between the fundus 
of the stomach and the lower end of the esophagus. The patient was 
cured. The operation is not offered as a substitute for nonoperative 
treatment of cardiospasm when done by an expert, but in view of the 
fact that the mortality following nonoperative dilatation in general hands 
is high, this operation, according to Keller, presents a method whereby 
the general surgeon may handle such cases. 

[Compilers’ Note. — In most cases, cardiac spasm can be cured by 
dilatation through the esophagus. A hydrostatic dilator is used and is 
guided into position by means of a silk thread which previously has 
been swallowed. Often a single dilatation is sufficient, but sometimes 
the procedure has to be repeated. We*® recently were forced to operate 
on a patient in whom the hydrostatic dilator could not be introduced. 
In this case tlie stomach was opened and the cardiac opening was dilated 
manually from below.] 

Gastric Ulcer and Carcinoma. — Scott** was of the opinion that 
carcinoma does not develop from chronic gastric ulcer as often as is 
generally believed. He thought that many of the gastric ulcers in which 
there is coexisting carcinoma were primarily carcinomatous. Scott 
stated that there is no clinical method of distinguishing between a 
chronic gastric ulcer and early carcinoma with ulceration. All gastric 
ulcers, therefore, should be treated as though they were carcinomatous. 

Walton *' was able to establish a definite relationship between gastric 
ulcer and carcinoma in 25 cases from a series of 228 cases of carcinoma 
of the stomach in which surgical treatment was employed. 

38. Kuh], in discussion on Kirschner; Arch, f, klin. Chir. 152:173, 1928. 

39. Keller, W, L. : Operative Relief of Cardiospasm Where Dilatation Has 
Failed, Ann. Surg. 88:58, 1928. 

40. Nagel, G. W., and Judd, E. S. : Reports of Unusual Cases Observed in 
the Clinic of E. Starr Judd, S. Clin. N. Amer. 7:1391, 1927. 

41. Scott, W. J. M.; The Relationship of Carcinoma and Callous Gastric 
Ulcer, Surg. Gynec. Obst. 46:199, 1928. 

42. Walton, A. J.: Carcinoma of the Stomach, Lancet 2:438, 1928. 
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[Compilers’ Note. — Opinions differ as to the number of benign 
gastric ulcers which may become malignant. J\Ioynihan gave a figure 
as high as 21.S per cent. Most German surgeons believe the association 
of malignant lesions and gastric ulcer an incidental occurrence rather 
than that one is secondary to the other. The significant point is that a 
certain number of gastric ulcers are malignant^ whether they were 
malignant from inception or not, and gastric ulcer is, therefore, a surgical 
lesion.] 

Carcinoma of the Stomach. — Balfour advocated partial gastric 
resection in two stages for carcinoma of the pyloric end of the stomach 
with lymphatic involvement, with posterior fixation and with marked 
inflammatory reaction of the surrounding tissues. First, an anterior or 
posterior Polya type of operation, with or without entero-anastomosis, is 
done, and the pyloric end of the stomach is closed. In from ten to 
twelve days, when the condition of the patient is improved and the 
inflammation has had a chance to subside, the pyloric end of the stomach 
can be removed. 

Walton reviewed the pessimism in the public mind regarding the 
fatal issue in carcinoma. This is especially true of carcinoma of the 
stomach because the early diagnosis is associated with much difficulty 
and the late prognosis is unsatisfactor 3 L He presented a series of 
229 cases of carcinoma of the stomach in which operations were done 
and 1,086 cases of simple chronic ulcers in which the patients, likewise, 
were subjected to operation during the same period, from 1913 to 1928. 
In this series there was one carcinoma of the stomach for every six 
gastric operations. Walton presented a chart showing that the cases with 
ulcer during this period have increased threefold, whereas the number 
of carcinomas has remained constant 3 'ear by year. Duodenal ulcers 
are included in the chart and form the largest proportion of this series. 
Ulcers of the lesser curvature of the stomach also have increased 
threefold since 1913. To explain the relative increase of benign ulcer 
over carcinoma, Walton suggested that many patients have been saved 
from carcinoma b 3 ’^ having ulcers treated surgicall 3 '^ during the benign 
stage. 

Since recurrences following operations for carcinoma of the stomach 
are found most frequently in the liver and deep lymph nodes, Walton 
was of the opinion that improvement in late results does not lie in 
more extensive operations. The fact that only about a third of the 
total number of patients with carcinoma are operated on when first seen 
led Walton to state that any persistent d 3 ^spepsia, occurring after the 

43. Moynihan, B. : Personal communication. 

44. Balfour, D. C: A Method of Carrying Out Two-Stage Operations for 
Carcinoma of the Stomach, J. A. M. A. 90:1936 (June 16) 1928. 
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age of 40 years in a patient with a clear history, is to be regarded as 
due to carcinoma until the disease can be definitely eliminated. 

Benign Gastric Neoplasms. — Balfour"* said that only 1 per cent of 
gastric neoplasms are benign. He classified 50 benign neoplasms of the 
stomach as follows: fibro-adenomatous polyps, 14; adenomas, 4; 
fibromas, myomas, fibromyomas, adenomyomas and myxofibromas, 23 ; 
hemangiomas, 4 ; polyposis, 4 ; hypertrophied mucosa, 2 ; papilloma, 1 ; 
dermoid cysts, 3, and hypertrophied pyloric muscle, 3. 

Balfour stated that if a lesion can be shown to be present in the 
stomach, even in the absence of hemorrhage or marked symptoms, the 
treatment is surgical because it has been shown that 3 of 4 intragastric 
lesions are malignant (McVicar). 

APPENDIX 

Acute Appendicitis . — Eliason and Ferguson have called attention 
to the fact that appendicitis has been little discussed since 1915. They 
found that the mortality from acute appendicitis has risen in the last 
twelve years. Statistics show that death occurs most frequently in those 
cases in which the diagnosis is delayed until the disease is not any longer 
confined to the appendix. 

Eliason and Ferguson studied 675 cases which by laboratory reports 
and examination of gross specimens were proved to be cases of acute 
appendicitis. As soon as the diagnosis was made, operation was per- 
formed. Ever}' patient was operated on in whom rigidity overshadowed 
distention, providing the vascular system was still competent. Low 
blood pressure associated with high temperature and cold extremities 
was a contraindication to operation. In cases of delayed operations, 
the incision was made under local anesthesia and a drain was placed 
in the pelvis; the appendix was not removed unless it presented in 
the wound. Drainage was necessary in at least one of every four 
cases, and was most often necessary in those patients who were less 
tlian 10 or more than 40 years of age. 

From a diagnostic point of view, too much stress has been placed 
on tenderness over McEurney’s point. Of 468 patients, only 44.7 per 
cent had tenderness in this region. Thirty-one per cent had rectal pain 
and tenderness. In 16.9 per cent of patients in whom the appendix 
was in the pelvis, pain was felt in the epigastrium. Rigidity was absent 
in 34,2 per cent of the cases in which the appendix lay to the left of the 
cecum and over the brim of the pelvis, and was most marked in cases 
in which the inflammation extended by contiguity to the abdominal wall. 

4j, Eliason. E. L. and Ferciuson, L. K, : Mortality Factons in Acute Appendi- 
citis, .\nn. Siirg. S8:65, 1928. 
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Nausea and vomiting, fever and leukocytosis are not constant reliable 
signs. In from 60 to 70 per cent of cases, one or more symptoms were 
atypical; in 18.6 per cent the leukocyte count was less than 10,000. 

The mortality rate in the entire series was 5.5 per cent. In the 
cases in which drainage was not instituted, the mortality was 1.07 per 
cent. Approximate^ 50 cent of the patients did not reach the 
surgeon until the third da)^, and 34 per cent did not reach the surgeon 
until the fourth day. The most frequent complications were peritonitis 
and intestinal obstruction ; peritonitis was the greatest factor in the 
mortality. 

[CoMFiLEKs’ Note. — The problem of acute appendicitis remains one 
of early diagnosis and operation. This depends on the confidence of 
the laity in the physician and the acumen of the ph3fsician, and is not 
likely to undergo anj^ immediate radical change.] 

Martens stated that the mortality in patients with appendicitis 
associated with chills is double that of similar cases without chills. All 
patients with appendicitis who have chills should be operated on immedi- 
ately. If twenty-four hours intervened between the first chill and the 
time the patient is operated on, it is advisable to ligate the ileocolic 
vein, especially if there is inflammatory infiltration of the mesocolon. 
It is best also to remove the entire ineso-appendix. If pus is encoun- 
tered in the meso-appendix, ligation of the ileocolic vein also is indi- 
cated. If chills develop after appendectomy for acute appendicitis, or 
if other symptoms of pyemia develop, Martens advised that the abdomen 
be reopened and the ileocolic vein ligated. If chills continue to recur 
after an operation for acute appendicitis, careful study of the blood 
picture, roentgenographic examination and punctures of the liver may 
reveal the presence of hepatic abscess. The timely drainage of such an 
abscess may prevent an otherwise fatal termination. 

Denver believed that the appendix deserves first place as a focus 
of infection, not excepting the teeth, tonsils and sinuses. He stated 
that duodenal ulcer, gastric ulcer and cholecystitis, and abscesses of the 
liver are frequently due primarily to an infected appendix. Deaver 
was of the opinion that when a diagnosis of appendicitis has been made 
in the absence of general peritonitis, appendectomy should be done at 
once, because he believed that expectant treatment has resulted in many 
complications and deaths. He placed more stress on a high proportion 
of polymorphonuclear leukocytes in the differentiated blood smear than 
on a leukocyte count. 

46. Martens, M. : Schiittelfroste und Blinddarmentziindung, Mtinchen. mcd. 
Wchnschr. 75:335, 1928. 

47. Deaver, J. B. : Appendicitis, J. A. M. A. 90:1679 (May 26) 1928. 
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Drainage for Appendicitis.— ^^fecden^^ advised the use of the 
Gibson-Mikulicz drain in operations for acute appendicitis. The drain 
consists of a square of rubber dam folded two or three times in the 
form of a cornucopia. The apex of this cornucopia, which forms 
the lowest point of the dam, is snipped off and 3.75 cm. above this, the 
edges of the cornucopia are cut out making a perforation of 1.25 cm. 
With the finger in the apex, the tampon is filled with strips of packing. 
When the drain is removed on the third or fourth day, a cavity about 
10 cm. in diameter remains. This method affords a large amount of 
drainage. 

Weeden reported a series of 1,588 appendectomies for acute appendi- 
citis. In 728 (45.84 per cent), closure was without a drain and in 
860 (54.16 per cent) drainage was instituted. The mortality rate in 
the cases in which drainage was instituted was 4.9 per cent, and in the 
cases in which drainage was omitted, 0.55 per cent. In Weeden’s 
opinion, the drain is most valuable in those cases in which there is 
spreading peritonitis. Other advantages are that there is immediate 
lessening of toxemia, as shown by lowered temperature and pulse rate; 
the drain is easily removed and the wound is left open, therefore there 
is no secondary infiltration or infection of the abdominal wall; there 
is practically never any pocketing or formation of secondary abscesses 
and fecal fistulas develop in only a small number of cases (1.2 per 
cent) ; the adhesions produced, while firm enough to form a cavity for 
abscess, nevertheless do not give trouble and apparently disappear later. 
The disadvantages of the drain are that it increases the period of 
hospitalization; the average time, being 23.4 days as against from 
17.1 to 18.6 days with other types of drains; hernia occurs in from 
11.4 to 14 per cent of cases, and there is a possibility of evisceration, 
but this rarely occurs. Weeden believed that the advantages of the 
drain far outweigh its few disadvantages. 

Traumatic Appendicitis . — McGeary was of the opinion that the 
question of traumatism as a possible etiologic factor in appendicitis is of 
interest to the surgeon because of its medicolegal aspects. The depen- 
dent position of the appendix, its rather poor supply of blood and its 
b.acteria-fiUed lumen are factors which must be considered in estimating 
injur}’’ to the appendix. McGeary presented data from five cases in 
which appendiceal symptoms and pathologic lesions in the appendix 
were present after traumatism of various forms. He said that if 
appendicitis is accepted to be the result of an accident or of trauma, 

48. Weeden, W. : The Gibson-!Mikulicz Drain in Acute Appendicitis ; With 
Report of 1,588 Cases, Ann. Surg. 88:76, 1928. 

41 . 440 ^^ 000 '^^’^’ Appendicitis, Internat. J. Med. & Surg. 
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there should be good corroborative evidence that there has been a more 
or less definite continuous train of symptoms from the date of the 
accident to the time of the appendiceal attack. 

Appendicitis in Children . — ^Walton said that chronic appendicitis 
in children under 14 years of. age is rare and often is confused with 
a condition that really is acute. This is due to the fact that early 
symptoms often are overlooked or discounted in young children. A 
diagnosis of chronic appendicitis in adults usually means visceroptosis 
and operation should not be done. However, in children the diagnosis 
of chronic appendicitis often in reality means an acute condition, and 
immediate operation is indicated. 

Chronic Appendicitis . — Smith expressed the opinion that in the 
disease known as chronic appendicitis the appendix may be implicated 
but often is not, and its removal frequently fails to relieve symptoms. 
He believed that in many cases the symptoms are due to kinking and 
obstruction of a mobile cecum by peritoneal bands. In cases in which 
the cecum is dilated and thin-walled, instead of trying to plicate or 
suspend it, he relieves the constriction by cutting the offending peritoneal 
band and covers the raw surface with a free omental graft. The 
cecum immediately resumes its normal tone, color, thickness and peri- 
staltic activity. In a series of 420 cases diagnosed as cases of chronic 
appendicitis. Smith had only 202 cases in which he believed symptoms 
would be relieved by appendectomy alone. In the remaining 218 cases, 
it was necessary to deal with other pathologic conditions encountered; 
in 186 of these there were definite pericolic membranes which crippled 
cecal peristalsis and caused cecal block. 

[Compilers’ Note. — The diagnosis of chronic appendicitis probably 
is too frequently made. A definite history of previous acute attacks is 
significant in making a diagnosis. In cases of indefinite abdominal 
symptoms all other possible causes for distress must be investigated.] 

Various Positions of the Appendix.—SHaheley and Gladstone"' 
anal3'zed 5,000 cases in which the position of the appendix was noted 
at operation, at necropsy and in the dissecting room. The postcecal 
and retrocolic positions of the appendix were those most commonly 
observed ; the appendix was in one or the other of these positions in 
64.3 per cent of cases. The pelvic or descending position occurred in 
32.1 per cent of cases. Other positions of the appendix were less 
commonly seen. 

50. Walton, A. J.; Appendicitis in Children, Lancet 1:445, 1928. 

51. Smith, R. : Chronic Appendicitis, Ann. Surg. 88:678, 1928. 

52. Wakeley, C. P. G.. and Gladstone, R. J. : The Relative Frequenc}- of the 
Various Positions of the Vermiform Appendix, Lancet 1:178, 1928. 
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COLON AND RECTUM 

CarciHOJiia— Rankin == emphasized the significance of adequate 
preparation before resection in carcinoma of the colon and rectum. 
This consists primarily of adequate cleansing of the gastro-intestinal 
tract, supportive and dietary measures, and the institution of drainage 
by colostomy, preliminary to subsequent resection. Rankin performed 
twenty-six anterior resections of the rectosigmoid and of the upper part 
of the rectum with only one death. 

Rankin reported the use of spinal anesthesia in carcinoma of the 
colon, with good results. Its advantages are complete relaxation during 
operation and the absence of postoperative pulmonary complications. 
Statistical studies of large groups of cases of carcinoma of the colon 
and rectum indicate that in a high percentage of cases there is freedom 
from recurrence for from three to five years or more. 

Rankin and Broders made a study of the factors which influence 
the prognosis in carcinoma of the rectum and they found that the 
grade of malignancy determined according to Broders’ classification is 
of greatest significance. They found that the total of good results 
following operations for carcinoma of the rectum decreased in inverse 
proportion to the grade of malignancy, whereas the total of poor results 
increased in proportion to it. 

Stoger ““ stated that most German surgeons favor resection in 
carcinoma of the rectum, with conservation of the sphincter if possi- 
ble. Of 303 cases, Stoger was able to resect the growth and to save 
the sphincter in 76. The mortality in this group was 15.8 per cent; 
44.8 per cent remained well for a period of five years or more; 
8 patients were well more than ten years and 4 more than twenty 
years following operation. All had normal function of the rectal 
sphincter. 

Kirschner stated that the ideal surgical method for treating 
carcinoma of the rectum has not been determined. He believed that 
every case of carcinoma of the rectum should be approached by the 
abdominal sacral route. By opening the abdomen, metastasis, if present, 

s3. Rankin, F. tV. ; The Technique of Anterior Resection of the Rectosig- 
moid, Surg, Gynec. Obst. 46:537, 1928. 

of. Rankin, F. W. : Surgical Procedures in Carcinoma of the Large Bowel, 
.T. Michigan i\r. Soc. 27:465, 1928. 

55. Rankin, F. W., and Broders, A. C. ; Factors Influencing Prognosis in 
Carcinoma of the Rectum, Surg. Gynec. Obst. 46:660, 1928. 

56. Stoger, K. ; Zur resektion des Rectumkarzinoms, Deutsche Ztschr. f Chir 
112:232, 1928. 

57. Kirschner, M, : Alte und neue Vorschlagc zur Ausrottung des Mastdarm- 
krehses, Dcr Chir. 1:1, 1928. 
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can be found and dissection can be carried out under direct vision with 
less danger of hemorrhage and infection; also, the mortality is lower 
in this method. Although Kirschner formerly recommended removal 
of the sphincter in all cases, he now recommends saving it whenever 
possible. The results in these cases are satisfactory. He believes an 
abdominal anus is alwa 3 's preferable to a sacral anus. 

Kiittner reviewed a series of 1,301 cases of carcinoma of the 
rectum. Sixty-three per cent occurred in men and 36.7 per cent in 
women. The growth was close to tlie anus in 0.3 joer cent. The prog- 
nosis in this group was poor, as early metastasis to tlie inguinal lymph 
nodes takes place. Seven and three tenths and 11.5 per cent of tumors 
occurred, respectively, in the pars perinealis and in the ampulla of the 
rectum; in these the prognosis rvas good. Sixty and seven-tenths per 
cent occurred in the ampulla proper; in this group, the prognosis was 
not so favorable, as the condition usually was discovered late. Eleven 
per cent occurred near the flexure; most of these cases are inoperable. 
Kiittner recommended saving the sphincter whenever possible. He 
makes a sacral anus, as a rule, and uses the combined abdominal sacral 
operation only occasionally; he stated that it must first be shown that 
the mortality in this method is no greater and that the results are better. 
He reported 480 radical operations with 108 deaths, a mortality of 
22.5 per cent. 

In a group of 150 cases in which operation was done in the last 
seven years, the mortality was 16.4 per cent. Thirteen patients were 
operated on by the abdominal sacral route, and in this series there were 
7 amputations of the rectum, with 2 deaths, a mortality of 29.5 per 
cent, and 6 resections with 4 deaths, a mortality of 66.6 per cent. The 
results following radical operation on the patients who survived oper- 
ation were: patients living three years or longer, 46.5 per cent; more 
than five years, 32 per cent; more than eight years, 24.1 per cent, and 
more than ten years, 19 per cent. Of those patients who underwent 
palliative colostomy, 70 per cent died rvithin the first year, 6 per cent 
lived three years and 2 per cent lived five years. 

[Compilers’ Note. — Surgical procedures in carcinoma of the colon 
are accompanied by a relatively high risk because of the presence of 
infection and because of the relativety poor supply of blood to the 
colon. Dela 3 ’^ed healing following operation is due not to an actual 
paucity of blood supply to the colon, but to a lack of adequate 
anastomosing vessels. Preoperative preparation of patients js impor- 
tant. In cleaning out the gastro-intestinal tract, however, care must 

58. Kuttner, Hermann : Der Mastdarmkrebs und seine chirurgische Behand- 
hnig, Med. Klin. 25:4, 1929. 
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be taken not to lower the patient's resistance by too prolonged rest in 
bed, by catharsis or by insufficient diet.] 

Blood Supply of the Colon.— Fischer “ described two types of small 
arteries that are given off from the vessel that runs longitudinally in 
the mesentery, close to the attachment of the bowel. 1 he smaller 
vessels supply that portion of the bowel which is near its mesenteric 
attachment. The larger r'cssels encircle the bowel and supply blood to 
the portion opposite the mesenteric attachment. These larger vessels 
pass through the bases of the appendices epiploicac. tVhen tlic colon 
is fully distended, the vessels lie Hush with the surface of the bowel, 
but when the intestine is collapsed they form a loop extending some 
little distance into the appendixes. In tying offi the appendixes, these 
vessels arc likely to be injured, thus interfering with the blood supply 
on the contramesial side of the bowel. Fischer recommended end-to-end 
anastomosis of the colon, but said that tlje bowel should be cut through 
diagonally and that care should be taken not to injure the vessels already 
described. 

Colostomy . — Demel devised an artificial abdominal anus which 
allows the patient to control bowel movement directly. The method 
consists in bringing out a portion of the bowel and surrounding it with 
a cylinder of skin. By a special mechanical device the patient can keep 
this part of the bowel clamped off and thus prevent the passage of 
content of the bowel through the dislallj' placed opening, Demel per- 
formed the operation on six patients with good results. Closure of the 
bowel is well tolerated up to twelve hours. 

[Compilers' Note. — Many methods have been devised for making a 
colostomy which will enable the patient to control the movements of 
the bowel. In our experience, complicated operations are unnecessary, 
and properly done colostomy, with the bowel brought out through a 
muscle-splitting incision on the left side, gives the best results. Lavage 
once dail}^, and .simple dietary measures, are adequate to enable 
the patient to live in comfort and to attend to his work and pleasures 
in the normal manner.] 

Diverticulitis of the Colon. — Monsarrat®' recommended conservative 
treatment rather than operation in acute diverticulitis of the colon, 
except in cases that have progressed to formation of abscess. Uncompli- 

59. Fischer, A. W.: Inwieweit ist diircli die Ablosung des Dickdarmfettbe- 
Sicberheit der Dickdarmnalit gefahrdet, Arch. f. klin. Chir. 152:638, 
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cated cases of chronic diverticulitis, the more common form of the 
disease, also are best treated medically. If a patient with chronic 
diverticulitis is operated on, Monsarrat advised that the bowel be 
wrapped in omentum to prevent the formation of a fistula of the 
bladder. 

[Compilers’ Note. — A temporary colostomy by which the content 
of the bowel is shunted to the outside frequently is of value in diverticu- 
litis, especially if the disease is fairly well localized. Often, after a 
few months, during which the lower segment of bowel is irrigated 
dail}', the lesion has healed sufficiently to allow closure of the colostomy 
opening. Occasionally the lesion may be resected.] 

Sypinlis of the Colon. — Chastenet reported two cases in rvhich 
abscesses of the colon, adherent to the abdominal wall, one of which 
had a fecal fistula, apparently were of syphilitic origin. 

Infectious Granuloma of the Colon. — Mock reported three cases 
of infectious granuloma of the intestines. Such tumors appear to be 
due to excess reparative processes following loiv-grade infection and 
necrosis. The growths often reach an appreciable size and are readily 
mistaken for malignant tumors. 

Obstruction of the Colon. — ^Haggard stated that operations for 
acute intestinal obstruction are accompanied by a higher mortality than 
generally is supposed. The causes for this are the promiscuous use of 
purgatives, failure to recognize the conditions early and delay of oper- 
ation. Haggard described enterostomy as a surgical method of treat- 
ing intestinal obstruction. He called attention to the disturbances in 
chemistry of the blood and recommended the intravenous administration 
of solutions of dextrose and sodium chloride. 

Rosenstein and Kohler “ studied the question of the control of 
intestinal peristalsis in animals and showed that the injection of nicotine 
into the celiac ganglion caused marked increase in peristalsis in normal 
animals as well as in those with peritonitis. Nicotine paralyzed the 
synapsis between the preganglionic and postganglionic fibers of the 
autonomic nervous system. By injecting nicotine directly into the celiac 
ganglion, the action controlled by the splanchnic nerves is diminished. 

62. Chastenet, de Gery : Deux cas de sigmoidite suppuree avec infiltration de 
la paroi abdominale chez des si’philitiques, Bull, et mem. Soc. Nat. de Chir. 54. 
834, 1928. 

63. Jtfock, H. E. : Infective Granuloma of the Intestines, Internat. J. Ned. & 
Surg. 41:1, 1928. 

64. Haggard, W. D. ; Acute Intestinal Obstruction, J. A. M. A. 90 : 1424 
(Nay 15) 1928. 

65. Rosenstein, Paul, and Kohler, Hans: Ueber die Beeinflussung der Darm- 
paralyse durch Nikotininjektion in das Ganglion coeliacum, Deutsche Ztschr. f. 
Chir. 210:315, 1928. 
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As these nerves are the antagonists ot the vagi or motor nerves of the 
bowel, the action controlled by the latter is thereby increased. Tins 
action occurs even though the vagus is injured by to.xins. The vagus 
is not affected by injection of the celiac ganglion, as synapsis between 
its preganglionic and postganglionic fibers docs not occur at this point. 

Following a careful study of the action of nicotine in animals, its 
therapeutic value was tested in human beings. The dosage used was 
from 5 to 8 mg. of fresh nicotine in 50 cc. of sterile water. The 
action of the drug appeared to take ])lacc only locally; there was no 
general reaction as a result of absorption of tlie nicotine. Tlic 26 
patients in whom it was tried all had marked paralytic ileus, mostly as 
a result of peritonitis, and all other methods used to relieve the ileus 
had failed. Rosenstein and Kohler believed that the most significant 
factor in causing death in ileus is the absorption of toxic products from 
the content of the intestine; therefore, elimination of this content is 
indicated. The paralysis of the bowel was overcome in 17 of the 
26 patients; 9 of them subsequently died. One patient had multiple 
abscesses in the abdominal cavity ; 2 had bronchial pneumonia ; 1 died 
of cardiac failure; 2 died of sepsis following abortion, and 3 died 
as a result of the progress of carcinoma. Eight of the patients 
recovered. 

The technic of injection is that used by Kappis and Finstcrer in 
their method of splanchnic anesthesia: the approach is from behind, 
with the patient preferably in a sitting position. The method never 
must be used in mechanical ileus, as to use it would only make the 
condition worse. Rosenstein and Kohler were of the opinion that this 
method is a step forward in the treatment for paralytic ileus. 

Ochsner, Gage and Cutting induced splanchnic anesthesia in dogs 
with 1 per cent solution of procaine hydrochloride and found that it 
relieved ileus and produced peristalsis. They recommend splanchnic 
anesthesia in paralytic and adynamic ileus, and in mechanical ileus after 
the obstruction has been relieved. 

PERITOXITIS 

Salzer traced the etiology of the majority of cases of diplococcal 
peritonitis to infection from the genitalia. The differential diagnosis 
from appendicitis is possible but is necessary only in young girls. In 
boys there is always preceding diplococcal appendicitis which requires 

66. Ochsner, Alton; Gage, I. Jil., and Cutting, R. A.; Treatment of Ileus by 
Splanchnic Anesthesia ; Preliminary Report of Experimental Study, J A AI A 
90:1847 (June 9) 1928. 

67. Salzer, Hans ; Die Diplokokkenperitonitis beim Kinder, Deutsche Ztschr 
f. Chir. 208:226, 1928. 
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immediate operation. Girls should be treated expectantly until the 
presence of pus in the abdominal cavity becomes a possibility, then 
operation is indicated. 

David showed that Bacillus coU was taken directly into the blood 
stream, as well as into the lymphatics, from the peritoneum of a normal 
dog. He also showed that the presence of a plastic exudate produced 
by intraperitoneal injection of emulsion of turpentine greatly hindered 
or prevented the passage of bacteria into the lymph or blood stream, 
whereas the presence of hypertonic solution of dextrose in the peritoneal 
cavity increased the rate of absorption of bacteria. 

David and Sparks ““ found in an experimental study that diphtheria 
toxin, when injected into the normal peritoneal cavity of a dog, passed 
directly into the blood stream, as well as into the lymphatics, in suf- 
ficient quantities to prove fatal to guinea-pigs. In the presence of well 
developed plastic peritonitis, there was practically no passage of diph- 
theria toxin into the cinde, and it passed into the blood stream in much 
smaller quantities than from the normal peritoneum. The presence of 
hypertonic solution of de.xtrose in the peritoneal cavity of dogs increased 
the rate of absorption of diphtheria toxin by the blood stream and by the 
lymphatics. 

David and Sparks concluded that the formation of a plastic exudate 
was to be regarded as a favorable process in peritonitis. Although 
they do not wish to press the analogy between the peritoneum of the 
dog and of the human being, they believed from their experiments 
that in the early hours of peritonitis the absorption of toxins and 
bacteria from the circulation directly and by way of the lymphatics is 
the dominant factor of danger; later, absorption from the peritoneum 
becomes less significant and local conditions, such as paralytic ileus, 
gain the ascendency. 

Brown found in experimental studies on cats and dogs, in which 
peritoneal absorption is much like that in man, that absorption by way 
of the thoracic duct from the peritoneal cavity is a slow and unimpor- 
tant process. He also found that the omentum plays little, if any, 
part in actual l3TOphatic absorption from the peritoneal cavity. Brown 
concluded that lymphaticostomy cannot be recommended as a procedure 
offering any hope to patients suffering from acute peritonitis. 

68. David, V. C. : Peritonitis: An Experimental Study, Surg. Gynec. Obst. 
45:287, 1927. 
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intra-abdomin'ai> jiemoukiiagi; 

Biittner attempted to answer the question of wliether there is any 
worth while method of utilizing the blood found in the abdominal ca\'ity 
in patients with severe intra-abdominal hemorrhage and turning it to 
a useful purpose. These patients suffer from the effects of diminished 
blood volume and accompanying deficiency in the oxygenating proper- 
ties of blood; the first requirement is to supply these deficiencies. Tlic 
most satisfactory method of accomplishing this is direct transfusion of 
properly grouped blood. Biittner suggested, as a matter of expediency, 
and because grouping would not be necessary, the possibility of 
reinfusing the functionally active free blood found in the abdominal 
cavity. There is also the danger of leaving large quantities of blood 
in the abdominal cavity for absorption by the peritoneum. The irri- 
tated peritoneum ma}' be protected by evacuating an)' extravasated blood 
from the abdominal cavity. 

thrombosis axd embolism 

* 

Borchard stated that it is generally believed that thrombosis and 
embolism are on the increase but whether or not this is true is diffi- 
cult to determine accurately. Thrombosis, embolism and infarcts must 
be considered together, and particular attention must be paid to the 
origin. Thrombosis of the saphenous vein often is incorrectly said to be 
the origin of a pulmonary embolus. Borchard saw a pulmonary infarct, 
and later thrombosis of the saphenous vein. The three factors in the 
causation of thrombosis are slowing of the blood stream, changes in 
the wall of the vessel and changes in the blood. He believed the condi- 
tion of the blood to be the chief factor. 

It is known that certain conditions predispose to thrombosis and 
embolism, namely, myoma, prostatic disease and carcinoma, especially 
carcinoma of the intestinal tract. On the other hand, operations on the 
thyroid gland are seldom followed by thrombosis and embolism. Infec- 
tion increases the danger by two-thirds, especially if the infectious focus 
cannot be removed. Infections must also be considered which may have 
occurred several weeks previously, as, for example, influenza and angina. 
Slowing of the blood stream is significant in the first postoperative days, 
as the patient lies more quietly and breathes less deeply during this 
time. A great deal more statistical and experimental work must be 
done in order to clarify the ideas regarding the exact role of these 
causative factors. Treatment must be instituted largely on an empiric 

71. Biittner, Georg: Zur Therapie schwerer Blutungen in die Baiichhohle 
Arch, f, klin. Chir. 150:93, 1928. 

Thrombose und EtnboUe, Beitr. z. klin. Chir. 144: 



562 


ARCHIVES OF SURGERY 


basis. Particular attention must be paid to the patient’s heart, lungs 
and general constitution. Age, the possible presence of endocrine dis- 
turbances and tbe coagulation time of the blood also must be considered. 

Certain conclusions can be drawn as to the possibility of a patient 
developing thrombosis and embolism. Special attention should be paid 
to preoperative preparation. Following operation active and passive 
movements should be begun as early as possible. Peripheral emboli are 
not so much feared as formerly, as embolectomy is followed by good 
results. Embolus must not be considered by the surgeon as an act of 
fate; somewhere there must have been something which could have 
been foreseen or prevented. 

Tempsky made a statistical study of thrombosis and embolism. 
Only pulmonary emboli which were proved to be present at necropsy 
are included in the following table. 

Occurrence of Emboli 



Carcinoma of the Stomach 







Pulmonary 

Per Cent 


Cases 

Thrombosis 

Per Cent 

Embolus 

Total 

1,453 

45 

3.S 

12 

0.S 

Resection 

too 

17 

3.4 

5 

1.2 

Gastro-entcrostomy 

392 

13 

3.3 

2 

0.5 

E.'cploration 

tC7 

12 

2.5 

3 

O.G 


Carcinoma of the Rectum 



Total 

50C 

27 

.5.3 

17 

3.3 

Preternatural anus 

202 

4 

1.9 

2 

0.9 

Amputation and resection. . . 

304 

23 

7.5 

15 

4.9 



Appendicitis 




Total 

1,767 

29 

1.0 

4 

0.2 

Chronic 

819 

6 

0.6 



Acute.. 

458 

7 

1.5 


0.8 

Perforated 

490 

14 

2.8 

4 


In cases of carcinoma of the stomach, thrombosis occurred more fre- 
quently in the saphenous and femoral veins of the right side than in 
those of the left side. Thrombosis was never diagnosed clinically 
in patients of this group who died of pulmonary embolism. In the 
cases following appendectomy, thrombosis could not be demonstrated 
clinically. In one case following operation for carcinoma of the rectum, 
there was thrombosis of the right saphenous vein on the eighth day, 
and on the sixteenth day the patient died of pulmonary embolus. In 
appendicitis, thrombophlebitis occurred much more commonly in cases 
with infection, and fatal pulmonar}’’ emboli occurred only in cases with 
infection. Thrombosis of the extremities in this group was greater .than 
in previous groups, and it occurred twice as often on the left side as 
on the right. In carcinoma of the stomach and rectum, infection does 
not appear to pla}"^ a great role as a causative agent. Intravenous treat- 

73. Von Tempsk}', Arthur; Die Lungrenembplie nach chirurgischen Eingritfen, 
Beitr. z. klin. Chir. 144:170, 1928. 
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ment is not a cause. Cachexia and extreme amounts of fat seem 
to be factors in death of patients from piilmonaiy embolism. 

Nystrom"-* stated that in Sweden 5 persons have recently been 
operated on, after the manner of Trendelenburg, for the removal of 
pulmonary emboli. Three patients were operated on by Nystrom, with 
1 recovery and 2 deaths. The other 2 patients, operated on elsewhere, 
recovered. In Nystrdm’s patient who recovered, the circulation was 
stopped for one hundred and four seconds while the clot was removed 
by means of a suction apparatus. Studies made of this patient two 
months after operation showed the heart and the large vessels to be 
anatomically and functionally normal. 

Meyer ” reported that he had seen 7 pulmonary emboli in a series 
of 2,182 operations in one year. Six of the patients died so suddenly 
that operation for emboli was not possible. In a seventh case, the 
operation was performed but the patient died of pneumothorax produced 
through a fault in technic. In another case of pulmonary embolism 
the operation was successful. 

Giertz reported from his clinic in the last six years that there 
were 7,824 operations and 239 cases of thrombosis or embolism. Of 
the cases of embolism, 27 were pulmonary and operation was done in 
4 cases. Two of these patients recovered. In none of the 4 operations 
was any anesthetic necessary ; the patient was moribund at the time of 
operation. 

Friedel '' reported that at the Rudolfs-Spital in Vienna occasion has 
arisen for doing the Trendelenburg operation 6 times. None of the 
patients recovered. Friedel pointed out that diagnosis is not always 
easy. In 2 patients who died, apparently from pulmonary embolism, 
necropsy revealed that death had been from cardiac causes. 

Stegemann examined Kirschner’s patient, the first patient success- 
fully operated on for pulmonary embolism, four years after the oper- 
ation and found her normal in every waj'. 

DeCourcy stated that fully 50 per cent of the serious pulmonary 
complications which occur after abdominal operations are the result 
of embolism. Advanced age of the patient and incision through the 


74. Nystrom, Gunnar : Erfahrungen in drei nach Trendelenburg operierten 
Fallen von Lungenembolie, Arch. f. klin. Chir. 152:450, 1928. 

75. Meyer, A. W., in discussion on Nystrom: Arch. f. klin. Chir. 152:97, 
1928. 


76. Giertz, in discussion on Nystrom; Arch. {. klin. Chir. 152:98, 1928. 

19^8^ Robert, in discussion on Nystrom; Arch. f. klin. Chir. 152:100, 

78. Stegemann, in discussion on Nystrom: Arch. f. klin. Chir. 152:101, 1928. 
/9. DeCourcy, J. L. : Postoperative Embolism, Venous Stasis and Its Pre- 
vention by Proper Posture After Lower Abdominal Operations, Internal. T Med 
& Surg. «;179, 1928. 
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anterior abdominal wall are two outstanding predisposing factors in 
postoperative pulmonary embolism. Sepsis appears to be only a contrib- 
uting factor. Rough handling of tissues, endocrine disturbances with 
lowered metabolism and venous stasis may be considered as other causes 
in the development of postoperative pulmonary embolism. The use of 
nowler’s position, the pillow beneath the knees after gynecologic opera- 
tions and restriction of movement tend to favor massive thrombosis by 
retarding venous circulation. DeCourcy advocated the reverse Fowler 
position after surgicall}' clean operations in the lower part of the abdo- 
men. This position consists of elevating the foot of the bed about IS 
cm. and inserting a small, fixed pillow under the small of the back. 

[Compilers’ Note. — Pulmonary embolus continues to be one of the 
most dreaded postoperative complications. Fatal pulmonary embolus 
fortunately is rare. Many postoperative pulmonary complications 
undoubtedly are embolic in origin. In our experience, fatal pulmonary 
embolus occurs too rapidly' to consider the question of surgical inter- 
vention. The patient who survives the immediate shock often recovers 
under expectant treatment. The diagnosis of pulmonary embolism, 
while usually plain, is not ahvays so and may be confused with certain 
cases of cardiac failure.] 

ANESTHESIA 

Wy'mer described Ombredanne’s method of ether anesthesia. A 
rebreathing apparatus is used in which the exhaled carbon dioxide and 
ether pass directly' into a bag and are reinhaled. The amount of ether 
used can be determined accurately and is considerably less than that 
used in the drop method. In one case, 450 Gm. of ether was required 
by' the open method ; in a case of the same ty'pe only 1 50 Gm. was 
required by Ombredanne’s method. This lessening of the amount of 
ether required results in an appreciable decrease in postoperative pul- 
monary' complications. 

Melzner reviewed the subject of rectal anesthesia and gave his 
experience with tribromethanol (avertin). The manufacturers of this 
drug claim that it does not cause local irritation, that it does not pro- 
duce unpleasant sy'mptoms and that it is harmless and easily removed. 
Melzner has used the drug in 100 cases. The dosage used was 0.15 Gm. 
for each kilogram of body w'eight given as a 2.5 per cent solution in 
physiologic solution of sodium chloride. Morphine was given previous 
to injection. There was no local irritation. Light sleep was produced 
in from two to five minutes, and deep sleep in from ten to twenty 

80. Wymer, I. ; Die aetliernarkose nach Ombredanne, Deutsche Ztschr. f. 
Chir. 212:79, 1928. 

81. Melzner, Ernst; Zur Beurteilung der Rcctalnarkose mit E. 107 (.'\vertin). 
Arch. f. klin. Chir. 148:698, 1927. 
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minutes following injection. Sleep occasionally lasted ten hours and 
longer, with no postoperative vomiting. It produced unpleasant mental 
disturbances in some instances. In one patient, hallucinations lasted 
twenty-four hours. Complete anesthesia was produced in only 54 per 
cent of cases and in three cases there was complete failure. Following 
the administration of the drug, there is an increase in the pulse rate and 
a fall in blood pressure; the latter, in some instances, is alarming. 
There were four deaths. Two occurred during anesthesia; one of these 
patients had a tumor of the brain; the other had a carcinoma of the 
stomach for which palliative gastro-enteroslomy was done. One patient 
with exophthalmic goiter died six hours following operation and another 
who had undergone excision of simple goiter, died twenty- four hours 
postoperatively. In this case, epithelial necrosis in both kidneys was 
found at necropsy. Melzner advised against the use of this drug. 

Martin^" was able to produce complete narcosis in 96 per cent oi 
cases by combining scopolamine and a proprietary double salt of 
morphine and narcotin with tribromethanol. Tlie duration of full nar- 
cosis was from one and a half to two hours. The normal dosage is 
scopolamine, 0.00025 Gm.; proprietary double salt of morphine and 
narcotin, 0.03 Gm., and tribromethanol, from 0.13 to 0.15 Gm., for each 
kilogram of body weight. These dosages are varied slightly according 
to the age, weight and condition of the patient. Martin’s series includes 
104 cases of laparotomy. 

Butzengeiger has used tribromethanol in approximately 300 oper- 
ations, including 200 of laparotomy, and believes that it has some dis- 
tinct advantages over other forms of anesthesia. It can be given to 
the patient in bed, and sleep follows naturally: thereby the fear that 
many patients have of other forms of anesthesia is overcome. Butzen- 
geiger did not have any fatalities. He stated, however, that at present 
only small doses must be tried and that complete anesthesia is not to 
be expected in every case. 

Nordmann has had favorable results with tribromethanol in 
250 cases and believes that it is a step in advance in methods of 
anesthesia, although it is too soon to draw definite conclusions. 

Sauerbruch reported three cases in which tribromethanol produced 
ulceration of the large bowel which resulted in death; he warned 
against its widespread use until further careful investigation has been 
carried out. 


82. Ivlartin, B.; Vollnarkosen mit Avertin. Arch. f. Win. Chir. 152:670, 1928. 
1927^ ’■ Rectalnarkose mit E. 107, Arch. f. Win. Chir. 148: 95, 

discussion on Butzengeiger: Arch. f. Win. Chir. 148:97, 

1997 ^ discussion on Butzengeiger; Arch. {. klin. Chir. 148:99, 
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Reischauer reported the case of a patient who died as a result 
of anesthesia with tribromethanol. Necropsy revealed marked fatty 
changes in the liver and kidneys. 

Kirschner pointed out that any new method of anesthesia must 
fulfil certain requirements ; namely, that in all cases sufficient anesthesia 
must be produced and that this must be achieved without any greater 
risk than that which accompanies the methods of inhalation anesthesia 
now employed. Neither of these requirements has been fulfilled by 
tribromethanol up to the present time. 

[Compilers’ Note. — Rectal anesthesia with tribromethanol has been 
widely used in Germany. In a number of clinics it has been found 
useful and apparently in these clinics bad results have not been experi- 
enced from it. However, in an equal number, notably the clinic in 
Jena, Kiittner’s clinic in Breslau and Clairmont’s clinic in Zurich, the 
drug is not used any longer because the physicians of these clinics 
believe it dangerous.] 

S6. Reischauer, in discussion on Butzengeigcr : Arch. f. klin. Chir 148:100, 
1927. 

87. Kirschner, in discussion on Butzengeigcr; Arch. f. klin. Chir. 148:108, 
1927. 
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Air embolism, with the pulmonary vein as the portal of entry, may 
complicate nearl}- any surgical procedure on the lung. Graham ^ experi- 
enced two fatalities from this source in forty-five operations of cautery 
pneumectomy, and it has occurred in as simple a procedure as irrigation 
of an empyema cavity. Brauer - termed the condition arterial air 
embolism and emphasized its frequence as a complication of artificial 
pneumothorax. While the cause of the syncope, collapse and death that 
are occasionally seen during pneumothorax induction is not always 
clear, it is doubtless often air embolism. Stivelman ^ reported seven 
instances occurring in 162 primary punctures; Forlanini ^ had twelve 
in 134, and Sachs ^ collected twenty-two in 1,122 from the literature. 

Sharp distinction must be made at once between this form of air 
embolism and that in which air enters a peripheral vein, as the jugular 
or subclavian. In the former, air enters the peripheral arteries and 
may involve ever}'^ organ and tissue, while in the latter air passes into 
the pulmonary arteries and exerts its effects on the lesser circulation 
and right side of the heart. 

In this article are presented certain clinical and experimental data 
and deductions concerning air embolism from the pulmonary vein. A 
brief summary of current knowledge is given to introduce each phase 
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of the subject. Complete reviews of the literature are available 
elsewhere. “ 

ETIOLOGY 

Air may enter the pulmonary vein spontaneously or may be injected. 

The venous pressure in the pulmonary circulation is ordinarily less 
than that of the atmosphere, and should the lumen of a vein be freely 
opened air is drawn into the blood stream. This has occurred in such 
operations as pneumectomy, pneumotomy, pulmonar}’ decortication, 
dissection or probing within the lung and separation of the pleural 
adhesions. Injection of air or other gases directly or indirectly into 
the circulation has occurred in the production of artificial pneumothorax. 
The needle ma)' accidental!}' enter the lung and one of its vessels, or 
when the puncture has been accurate and the gas enters the pleural 
cavity an adhesion between the lung and the wall of the chest may tear 
and open a pulmonary vein. Air from the pleural cavity may then enter 
the torn vessel. 

Essentially the same type of embolism has been known to arise in 
other wa 3 's : Air that has entered a peripheral vein and has been carried 
to the right side of the heart occasionally finds its way through a patent 
foramen ovale into the left auricle.' That the foramen ovale is fre- 
quently patent without evidence during life is well known. Herxheimer ® 
found from 20 to 50 per cent patent during routine e.xamination at 
autopsy; Otto “ noted 286 in 1,130 consecutive autopsies in Dresden 
material, of which 200 admitted a probe only and eigbty-six were of 
comparatively large size; Lubarsch found patency in 25 per cent, and 
Kaufmann in 32.5 per cent. 

In 1808, Bichat demonstrated that when air is blown into the 
lungs of a living animal at a pressure no greater than the maximum 
expiratory effort of which the animal is capable, provided the pressure 
is maintained, air will leave the alveoli and enter the pulmonary capil- 
laries. Enough air may thus be forced into the circulation to cause 
death, and the effect is, of course, the same as though the air had directly 
entered a pulmonary vein. Ewald and Kobert,’^ in a painstaking stud}', 

6. Schlaepfer. K. ; Bull. Johns Hopkins Hosp. 33:321, 1922. Wever, E.: 
Beitr. z. Klin. d. Tuberk. 31:159, 1914. 

7. Walcher, K. ; Mitt. a. d. Grenzgeb. d. Med. u. Chir. 39:314, 1926. Steindl, 
H.; Wien. Win. Wchnschr. 37:206, 1924. 

8. Herxheimer, quoted from Infeld, M. : Wien. Win. Wchnschr. 27:1407, 1914. 

9. Otto, W., quoted from Geipel; Mimchen. med. Wchnschr. 59:1683, 1912. 

10. Lubarsch and Ostertag, quoted from Steindl, H. : Wien. klin. Wchnschr. 
37:206, 1924. 

11. Kaufmann, quoted from Steindl, H. : Wien. klin. Wchnschr. 37:206, 19-4. 

12. Bichat, quoted from Beneke, R.: Verhandl. d. deutsch. path. Gesellsch. 
16:263, 1913. 

13. Ewald, J., and Kobert, R. : Arch. f. d. ges. Physiol. 31:160, 1SS3. 
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“1st die Lunge luftdicht?,” showed that this phenomenon is not one of 
alveolar rupture but of escape of air through normal stomas in the 
alveolar walls when a certain degree of distention is reached. On this 
principle has been explained the finding of air occasionally in the cavity 
of the left side of the heart of persons drowned or hanged and of 
infants who have received strenuous resuscitative measures. Ncu- 
biirger suggested that the convulsions which sometimes occur in 
whooping cough are from cerebral embolism, air being forced into the 
blood stream from the alveoli during a paroxysm of coughing. At 
autopsy iir these cases confirmatory evidence is found in the lesions of 
the brain.^® 

CLINICAL CASES 

Case 1 . — A man, aged 42, liad an illness of sixteen months’ duration. The 
onset was insidious, with cough, fever, night sweats and progressive loss of weight. 
The sputum was abundant and fetid, and was constantly negative for tubercle 
bacilli. The diagnosis was bronchiectasis of the left lung and chronic empyema. 

He was admitted to University of Iowa Hospital surgical service. A small 
emp 3 ’ema pocket in the left side of the chest was drained by rib resection. Some 
time later, by roentgen examination, a cavity was found in the left lung, and 
surgical drainage of the cavity was undertaken. With the patient under ethylene 
anesthesia, a piece of rib was removed at the posterior axillary line over the 
cavity. The pleural surfaces were found adherent, and an exploring needle, 
attached to a syringe, was passed into the lung. The resistance offered to the 
needle by the parenchyma of the lung was increased. At some points air was 
aspirated freely, at others blood. No pus was found and after a few punctures the 
attempt was abandoned. As the wound was being closed, the patient suddenly 
ceased to breathe and heart action could not be detected. 

At autopsy, about one hour after death, air was found in large quantities in 
the blood vascular system. The right side of the heart and pulmonary artery 
were distended with bloody froth. The left side of the heart was empty. Air 
was present in the aorta and its main branches, and beads of air were plainly 
visible in the coronary arteries, the mesenteric arterioles and such small arteries 
as were exposed by dissection. The veins everywhere were free from air, except 
for the portal vein and the great veins near the right side of the heart, which 
contained large amounts. The left lung was fibrous, contracted and adherent to the 
wall of the chest throughout, except where there was a small empyema cavity. This 
cavity communicated with the surface through an old thoracotomy wound. After 
the left lung Avas removed, the integrity of its bronchial tree was tested by filling 
It with water. The water returned immediately by way of the pulmonary vein 
of the upper lobe. In the left priniarj' bronchus was found a papillarj' carcinoma 
nearly obstructing the lumen. On section, the lung proved to be fibrotic through- 
out and was riddled with saccular bronchiectatic cavities. Dissection failed to 
show a precise point of communication between the bronchial tree and the pul- 

14, Paltauf, quoted from Walcher, K. : Mitt. a. d. Grenzgeb. d. Med. u. Chir. 
39:314, 1926. 

15, Iversen, A.: Vrtljschr. f. gerichtl. Med. 22:226, 1862. 

16. Lindblom, A.; Virchows Arch. f. path, Anat. 252:197, 1924. 

17. Neubiirger, K.i Klin. Wchnschr. 4:113, 1925. 

IS. Husler, X, and Spatz, H.-. Ztschr. f. Kinderh. 38:428, 1924. 
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monary vein, although a clot of fresh blood was found in a bronchiectatic cavity 
in the upper lobe at a point roughly corresponding to the site of thoracentesis. 
The right lung was normal, and observations elsewhere were unimportant. 

The diagnosis was ; carcinoma of the left primary bronchus, bronchiectasis, 
chronic empyema, bronchovenous fistula and air embolism from the pulmonary 
vein. 

EXPERIMENTAL WORK 

Proof b}' experiment was sought for the theorem suggested by this 
case; Given a bronchovenous communication, the pressure relationships 
within the bronchi and veins in a closed chest during life are such as 
to transfer air from bronchus to vein. Four dogs were used. A 
bronchovenous fistula was produced within the intact chest in such a 
manner that communication could be established or abolished at will 
and the passage of substances through the fistula could be observed. 

Dog 1, weighing 10 Kg., was given positive pressure ether anesthesia. The 
chest was opened through an intercostal incision on the right ' and the hilum of 
the lung was exposed. A glass cannula filled with sodium citrate solution was 
tied into the pulmonary vein of the lower lobe. Another cannula was 
fixed in the wall of the accompanin'ng bronchus, and the two cannulas were led 
out of the chest and connected with a short piece of rubber tubing, temporarily 
clamped off. The lungs were then inflated to exclude pneumothorax and the 
chest wound closed tightly about the cannulas. The dog was then allowed to 
recover consciousness fully. 

While the animal was walking about, the clamp was suddenly removed from 
the connecting tube and communication was established between the bronchus and 
vein. With the next inspiration, the solution in the cannula passed quickly into 
the vein and was followed by' air, as evidenced by the behavior of a little solution 
that remained in the bend of the tube. The next two or three inspirations each 
drew more air into the vein, and then the flow' W'as reversed filling the tube with 
blood. Almost immediately after the first inspiration the dog appeared uncom- 
fortable, and the hind quarters began to drag; paralysis spread and in a few 
seconds the dog fell to the floor unconscious. There followed focal and general 
convulsions, labored breathing, extreme rotation of the ey'eballs and w’ide dilata- 
tion of the pupils. At about three minutes, muscular relaxation occurred, respira- 
tions became feeble and soon ceased. Heart action continued for a minute or so. 

Autopsy revealed that the relations w'ithin the chest were normal e.xcept for 
the artificial connection between the bronchus and vein. Quantities of air were 
contained in the vascular system. 

DEDUCTIONS 

A bronchovenous fistula may be created in man by the passage of 
an exploring needle into firmly indurated lung tissue. Given such a 
communication, the relation of bronchial to venous pressures during 
inspiration is such as to pass air from bronchus to vein and to give 
rise to fatal air embolism. 

DISTRIBUTIOH OF AIR IN’ THE CIRCULATION 

Gundennann opened the chest of dogs widely with the animals 
under positive pressure anesthesia and injected air directly into a 


19. Gunderrnann, W. ; Jlitt. a. d. Grenzgeb. d. Aled. u. Chir. 33:261, 1921. 
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pulmonary vein. It appeared to him that the air was distributed by 
the heart evenly and in proportion to the size among the peripheral 
arteries, until just before death, when because of a weak heart action 
the branches of the aorta lying near the heart received a larger share. 
He observed air bubbles immediately entering the coronary arteries 
and riding there without a tendency to pass on through the capillaries, 
and he concluded that air cannot pass any capillary bed. Heller, Mager 
and von Schr6tter,=“ on the other hand, observed air bubbles travel 
through the mesenteric circulation, and Beneke found air accumulated 
in large quantities in the right side of the heart, when injection had 
been made into the peripheral arteries. 

That position of the body affects in some degree the distribution of 
the air in this form of air embolism was suspected by Schlaepfer,-- for 
he noticed that bubbles could be seen in the retinal vessels of dogs only 
when the head was held up. 

EXPERIMENTAL WORK 

The distribution of air received into the pulmonary veins in the 
vascular tree was studied in dogs under varied circumstances of dosage 
and body position. The manner of inducing embolism was uniform: 
With the animals under positive pressure anesthesia, the chest was 
opened and a glass cannula, filled with sodium citrate solution and tem- 
porarily obstructed at the outer end, was fastened in the branch of the 
pulmonary vein from the lower lobe of the lung and led out of the 
chest. The chest was closed, residual pneumothorax being avoided. The 
anesthetic was then discontinued and air was injected through the can- 
nula with a syringe at a uniform rate of 25 cc. per minute. At death, 
or when the animal was killed, a systematic examination was made of 
the vascular system. 

The experiments may be grouped in accordance with the position 
of the animal. Representative protocols are as follows ; 

Group 1: Position Horizontal, Sixty-Seven Dogs . — Experiment 1. — Dog 21, 
weighing 16 Kg., was placed on the left side in the horizontal position, and an 
amount of air equal to 3.9 cc. per kilogram of body weight was injected into the 
pulmonary vein. Death occurred in nine minutes. 

At autopsy, the right side of the heart and adjacent great veins were found 
moderately distended with air. The pulmonary arteries were filled with air; the 
left side of the heart and pulmonary veins were free. There were a few air 
u bles in the coronary arteries and veins. The aortic arch was partly filled 
with air, but the descending aorta throughout contained none. The carotid, 
axi ar}', internal mammary, intercostal and femoral arteries on the right side 

20. Heller, R. ; Mager, W., and von Schrotter, H. ; Ztschr. f. klin. Med. 32: 
(suppl.) 113, 1897. 

21. Beneke, R.; Verhandl. d. deutsch. path. Gesellsch. 16:263, 1913. 

22. Schleapfer (footnote 6, first reference). 
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held considerable amounts of air, while the corresponding vessels on the left were 
relatively free. The mesenteric arteries were beaded w'ith bubbles. Air was 
found only in the femoral, portal, internal mammary and jugular veins. 

In other dogs of this survival time the distribution of air was essen- 
tially the same. Those d 3 dng more rapidl}' (in from one to two minutes) 
showed air still in the left side of the heart and confined largely to the 
arteries. Little was found in the large veins or right side of the heart. 
Animals living longer than dog 21 (from twenty to thirty minutes) 
had little or no air in the right side of the heart and veins and reduced 
amounts in the peripheral arteries. The coronary arteries were regularly 
free. A constant and striking observation was unequal distribution, for 
vessels lying uppermost in the bodyq here in the right side, were always 
much more abundantly supplied with air. Tliis evidence of air buoyancy 



was display^ed also in the aortic arch. The first portion of the arch lay 
uppermost and accumulated air from the blood passing through. This 
air drained off largely into the great vessels of the neck, and the result 
was to distribute a greater portion of the air to the head, neck and 
upper extremities than ivould be indicated from the size of the vessels. 

In a few of these dogs, the distribution of air was studied more 
exactly^ by interposition of air traps in the blood stream at various points. 
The air trap (fig. 1) was a small inverted flask with afferent and 
efferent cannulas. The circulating blood was rendered incoagulable 
by the intravenus injection of 20 mg. of heparin per kilogram of body 
weight. The vessel in question was then exposed and. divided and the 
two ends connected with the trap cannulas, the trap being first filled 
with blood. When adjusted, the trap thus became a part of the vascular 
sy'stem, and by retaining air which passed through the vessel permitted 
estimation of its appearance time and amount. 
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Experiment 2, — ^Dog 65, weighing 13 Kg., was fitted with traps in both carotid 
arteries. Three and nine-tenths cubic centimeters of air per kilogram of body 
weight (50.7 cc.), which is a lethal dose, was injected into the pulmonary vein 
in the routine manner. Almost instantly after the injection was started air 
bubbles began to appear in the traps and continued to do so only as long as the 
injection lasted. The dog recovered; it was killed at one hour. 

At autopsy, air was found distributed in the vessels as usual, except that the 
carotid arteries were free. Twenty-seven cubic centimeters of air was recovered 
from the traps, i. e., more than half that injected. 

Experiment 3. — Dog 38, weighing 12 Kg., was fitted with traps in both vena 
cavae, and 3.9 cc. of air per kilogram of body weight (46.S cc.) was injected into 
the pulmonary vein. At one minute and twenty seconds, bubbles of air began to 
appear in the trap of the superior vena cava. Ko air entered the other trap. 
Death occurred in ten minutes. 

Autopsy showed air to be distributed in the usual manner, e.xcept that the 
right side of the heart and pulmonary arteries were free. Three cubic centimeters 
of air was present in the trap of the superior vena cava. This amount could 

obviously not be taken to represent the quantit}' ordinarily returning to the heart 

after this dosage of air, since the presence of the traps in the cavae impeded the 
driving force of the heart to a considerable degree. 

Group 2: Position Vertical, Head Dourn, Sixty-Six Dor/s. — Dog 109, weighing 
17 Kg., was raised to a vertical position, head down, and 3.9 cc. of air per kilo- 
gram of body weight was injected into the pulmonary vein. Death occurred at 
seventeen minutes. 

Autopsy revealed that air filled the coronary arteries and the arteries and 
veins of the trunk and hind legs. Kone was found in the vessels of the head, 

neck and forelegs, nor in the vena cavae, right side of the heart or pulmonary 

arteries. 

In all of these animals, the pattern of distribution was constant. The 
vessels caiidad to the heart alone received air. The coronary arteries 
contained much more air than with the dog in the horizontal position, and 
often the blood was entirely replaced by air, giving the vessels the 
appearance of silver threads. Occasionally, the left ventricle, being 
inverted, retained a considerable quantity of air indefinitely. Xo air 
returned to the right side of the heart. 

The observations ivere corroliorated in part by experiments using 
traps in various vessels. 

Group 3. Position Vertical^ Head Up, Nineteen Dogs. — Dog 47, weighing 5.5 

g., was placed in a vertical position, head up, and 3.9 cc. of air per kilogram 

o o \ Height was injected into the pulmonary vein. Death occurred in five 
minutes. 

Autopsy revealed that air filled the vessels of the head, neck and forelegs. A 
=mal amount was found in the right side of the heart and pulmonary arteries 
and a tew bubbles of air only were contained in the coronary arteries. 

In this group of animals again a constant pattern of air distribution 
was presented, which was complementary in type to that for the group 
Mit i the head down. Only the vessels taking origin from the aorta 
cep la ad to the heart received air. The coronary arteries were involved 
to a minimal degree. 
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DEDUCTIONS 

Air that enters the circulation by way of the pulmonary vein follows 
the course of the blood stream in general but with uneven distribution. 
Instead of being divided among the vessels in amounts according to 
their sizes, the air tends to float on the blood and to seek the upper 
parts of the body. Even where the stream is rapid and violently 
churned, as in the heart and aorta, air and blood fail to mix thoroughly ; 
the air may remain stationary in a bend of the vessel, or, should gravity 
so dictate, it may even pass in the direction opposite to that of the 
blood. 

This influence of air buoyancy' on the distribution determines dis- 
tinct differences in various positions of the animal. A typical pattern of 
embolism with but slight individual variation is found in any given 
position. Thus, in the dorsal recumbent, horizontal position, air quickly 
leaves the pulmonary vein and left side of the heart and passes into the 
aorta. The arch of the aorta is distinctly higher than the descending 
portion of that vessel and acts as a trap to hold -a large part of the 
air and pass it into the great arch branches. Thus, more than half of 
the air may go to the head, neck and upper extremities. Distributed 
in this uneven manner, the air in the form of bubbles is driven to the 
periphery. The capillaries hinder but do not prevent passage, and after 
a minute or so air begins to return by the veins of the parts affected 
to the right side of the heart, whence it is throwm into the lesser circula- 
tion. No air succeeds in traversing the pulmonary capillaries but it is 
held in the pulmonary arterial tree, obstructing the lesser circulation 
partially and gradually disappearing by excretion into the alveoli and 
by absorption into the blood and tissues. Air remains longest in the 
peripheral arteries, sometimes for several hours, for a shorter period in 
the pulmonary arteries, right side of the heart and great veins, no longer 
than one-half hour in the coronary arteries and for only' a few seconds 
in the pulmonary veins and left side of the heart. Thus, the period 
of time that elapses between embolism and death determines largely the 
position of the air at autopsy. 

With the animal in a vertical position, air is distributed only to those 
parts lying above the level of the heart. Accordingly, when the head 
is up, the head, neck and forelegs receive the air totally, except for a 
slight amount in the coronaries; when the head is down, the trunk and 
hind legs receive the air, and the coronaries are heavily' involved. 

PHYSIOLOGIC REACTION, TOLERANCE AND CAUSE 
OF DEATH 

The symptoms in man in air embolism from the pulmonary' vein are 
separable more or less distinctly' into two ty'pes, neuromuscular and 
cardiovascular. In a given case, both ‘types may' be equally' represented, 
or one may predominate even to the exclusion of the other. 
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The nervous symptoms are extremely various and occur in different 
combinations in each instance. The onset may be precipitous with 
immediate unconsciousness and death, or it may be ushered in more 
gradually, beginning with dizziness, faintness, local or general pares- 
thesias, aphasia and visual disturbances. More serious symptoms are 
paraplegia and hemiplegia, blindness, focal and general convulsions, 
unconsciousness, hyperpnea, Cheyne-Stokes respiration and unequal, 
dilated and reactionless pupils. Death may occur at any time, and has 
been known to be delayed as long as six days. When delayed, an 
unconscious state predominates with periodic convulsions. At any stage, 
the symptoms may begin gradually to disappear and the patient to 
recover. Persistent paralyses have occurred. 

Cardiovascular symptoms consist in pulse irregularities, asphyxial 
signs and evidences of gradual or sudden heart failure. Patches of 
marble-like discoloration are sometimes found on the skin. These 
symptoms are seen alone when the patient is under general anesthesia 
and nervous reactions are inhibited, or when the amount of air is 
overwhelming and nervous effects do not have time to develop.’ Detailed 
discussion and illustration of s 3 'mptoms are given by Schlaepfer.-^ 

The degree of tolerance in man for air entering the circulation from 
the pulmonary vein is not known, although it is understood to be much 
less than that from a peripheral vein. In certain instances, as in the 
case reported by von Adelung,^ the amount of gas injected for pneumo- 
thorax at the time of air embolism was known, but what part of that 
actually entered the circulation could not be determined. In animals, 
Gundennann alone has estimated tolerance. Using dogs, he opened 
the chest with the animals under positive pressure anesthesia and 
injected air into a pulmonary vein, and found that even 1 cc. slowly 
introduced was immediately fatal. The unnatural circumstances of the 
experiments, however, probably rendered the animals abnormally 
susceptible. 

It is generally appreciated that the tolerance of a person for air 
embolism depends largely on the rate of entrance of air into the 
circulation. 

In air embolism from the peripheral vein the tolerance has been 
studied experimentally by several investigators. Ilyin noted that 
dogs withstand as much as 2,000 cc. of air injected into the jugular 
vein at a rate of 30 cc. per minute with 10 mm. of mercury pressure. 
The dose per kilogram of body weight was not estimated. In twenty-five 
rabbits, Jehn and Nageli found the maximum tolerance to be 0.89 cc. 

23. Von Adelung, E. ; A Case of Gas Embolism, J. A. 1*1. A. 69:1522 (Nov. 
3) 1917. 

24. Ilyin, F. ; J. Akusb. i Jhensk. Bollez. 28:72, 1913, 

25. Jehn, W., and Nageli, T. : Ztschr. f. d. ges. exper. Med. 6:64, 1918. 
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per kilogram of body weiglit ; in six cats, 2.5 cc. per kilogram ; and of 
two dogs, one survived 5.3 cc. and one died from 7.7 cc. per kilogram. 
The rate of the injection was not given. Richter stated that in dogs 
20 cc. of air produced alarming symptoms and 250 cc. was lethal; in 
horses, the corresponding amounts were 1,000 and 8,000 cc. No body 
weights, injection rates or numbers of animals were given. Many other 
investigators have contributed less accurate data. It is to be concluded 
that different species present widely different tolerances and among 
indiAu'duals of a single kind there is variation. The values in man are 
again not known. 

The cause of death in air embolism from the pulmonary vein was 
referred by Gundermann to heart failure, after observing in his dogs 
immediate m 3 -ocardial incapacity following the entrance of air into the 
coronary arteries. He pointed out that heart action ceased too soon 
to allow involvement of the brain to play a part. Beneke,-' at autopsy in 
man, found much air in the right side of the heart and pulmonary 
arteries and suggested that death was due to obstruction of the lesser 
circulation, as in air embolism arising from a peripheral vein. The 
fallacy of this assumption was indicated by Gundermann in the fact that 
an amount of air which is lethal when entering the pulmonary vein is 
readily tolerated when injected into a peripheral vein. The maj'ority 
of authors agree with Brauer and his school in ascribing death to 
brain embolism, since nervous symptoms frequently predominate and at 
death respirations usuallj' cease long before heart action. Wever 
injected air into the carotid ai'tery of dogs and monkeys and produced 
a symptom complex similar to that of man. The brains of Wever ’s 
animals were examined by Spielmeyer.^” Those that survived more than 
fifteen hours presented focal ischemic necrosis distributed irregularly, 
chiefly in the cerebral cortex, and characterized by degenerative altera- 
tions in the ganglion cells and glial proliferation. The degree was in 
proportion to the amount of air and to the period of time between 
embolism and death. The same changes were found in cases in man. 
Gold described the brain of a person who died six days after cerebral 
air embolism, and in addition to the alterations mentioned, indicated 
edema of the whole brain and petechial hemorrhages in the medulla 
oblongata and pons. 

26. Richter, quoted from Hutter, K. : Mitt. a. d. Grenzgeb. d. Med. u. Chir. 
40:131, 1927. 

27. Beneke, R. : Beitr. z. Klin. d. Tuberk. 9:343, 1908. 

28. Brauer (footnote 2, second reference). 

29. Wever (footnote 6, second reference). 

30. Spielmeyer, W. : Verhandl. d. Kong. f. inn. Med. 30:359, 1913. 

31. Gold, E. ; Arb. a. d. neurol. Inst. a. d. Wien. Univ., 1924, vol. 26. 
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CLINICAL CASES 

Case 1, already described, illustrates the purely cardiovascular type 
of syruptomatology, and case 2, to be described, the neuromuscular 
type. 

EXPERIMENTAL WORK 

Physiologic Reaction.— -The reaction of the dog to air injected into 
the pulmonary vein was studied under varied experimental circum- 
stances. The doses, determined according to the body weight, ranged 
from amounts easily borne to those immediately fatal. Three positions 
were employed, as in the preceding experiments. The method was the 
same in all instances ; 

A cannula was placed in a pulmonary vein. The femoral arter}' 
was cannulated and connected with a mercury manometer. With the 



Fig. 2 (dog 20). — Injection of air into the pulmonary vein, with the dog in 
tile horizontal position. Moderately severe reaction. 

animal under ether anesthesia, respiration and blood pressure were 
observed, and when they had been constant for three minutes, the 
ether mask was removed and the dose of air injected into the cannula 
of the vein at a rate of 25 cc. per minute. The reaction was noted in 
detail. 

Typical protocols are as follows; 

^ Group n: Position Horizontal, Sixty Dogs; Experiment 1. — Dog 20, weigh- 
ing 16 Kg,, received 3.55 cc. of air per kilogram of b.ody weight and displayed 
a moderately severe reaction (fig. 2). 

At one minute thirty seconds, respiration became gasping and irregular ; at 
cleien minutes, more regular, and at fifteen minutes, normal. 

At two minutes, the injection of air was complete. 

^ At three minutes twenty seconds, the blood pressure, which had begun to rise 
with the beginning of the injection of air, reached a maximum of 40 mm. of 



578 


ARCHIVES OF SURGERY 


mercury above normal. It then fell gradually to a minimum of 30 mm. of mer- 
cury below normal at twenty-three minutes. It was commencing to rise when 
the readings were stopped. 

The pulse was regular and strong throughout. 

Unconsciousness continued, although no more anesthesia was administered. 
After one hour twitching contractions of the legs and walking movements began. 
The muscles were spastic and at times the decerebrate posture of Sherrington 
was assumed. The dog moaned and howled now and then, although obviously 
unconscious. No cardiorespiratory' irregularities were noted. After four hours, 
consciousness returned sufficiently to permit vague recognition of surroundings 
and unsteady' walking, but this was temporary and death occurred in deep uncon- 
sciousness at five hours twenty minutes. 

Experiment 2. — Dog 28, weighing 22 Kg., received 3.9 cc. of air per kilo- 
gram of body weight and presented a severe reaction (fig, 3). 



Fig. 3 (dog 28). — Injection of air into the pulmonary vein, with the dog in 
the horizontal position. Severe reaction. 

At two minutes, respirations were gasping. There were periods without 
breathing. At fifteen minutes, breathing ceased. 

At three minutes twenty seconds, the injection of air was complete. 

At three minutes ten seconds, the blood pressure, which began to rise with 
the injection of air, reached a peak of 52 mm. of mercury above norma , an 
then fell jerkily to 0 at eighteen minutes twenty seconds. 

The pulse remained regular and full until the fourteenth minute, when 
became increasingly feeble ; it ceased at eighteen minutes twenty secon s. 

Others of these clogs, receiving smaller doses, showed reactions 
during the first half hour similar to those of dog 28 , but less severe 
and usually followed by recovery. There was always a period of uncon 
sciousness beyond that to be expected from the anesthetic. 
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Group 6: Position Vertical, Head Down, Thirty-Two Dogs; Experiment 1. 
—Dog 70, weighing 23.6 Kg., received 1.22 cc. of air per kilogram of body weight 
and presented a moderately severe reaction (fig. 4). 

Respirations were affected at no time. 

At one minute, the injection of air was complete. 

At ten seconds, the blood pressure rose 20 mm. of mercury, dropped almost 
immediately and remained about 10 mm. of mercury below normal. 

At fourteen minutes, the pulse, thus far regular and strong, suddenly began to 
skip beats, often two or three together, and blood pressure took wide drops- 
This irregularity continued twenty minutes and suddenly stopped. The pulse con- 
tinued normal. 

At five minutes, consciousness began to return and ether had to be readmin- 
istered. At thirty minutes, ether was discontinued and the apparatus discon- 
nected. The dog began to awaken as ordinarily from anesthesia and showed no 
effects of embolism. 



Fig. 4 (dog 70). — Injection of air into the pulmonary vein, with the dog in 
the head-down position. Aloderately severe reaction. 

Experiment 2. — -Dog 66, weighing 18.1 Kg., received 1.22 cc. of air per kilo- 
gram of body weight and had a severe reaction (fig. 5). 

Respirations were normal until the fourteenth minute, when they abruptly 
failed and represented the last sign of life. 

At one minute, the injection of air was complete. 

At twenty seconds, the blood pressure was 20 mm. of mercury above normal. 
It dropped slightly and then rose to a level of from 10 to 15 mm. of mercury 
above normal. At thirteen minutes, the heart action, which had till then been 
strong and full, suddenly failed and the blood pressure dropped precipitously to 
0 at fourteen minutes. 

Dogs in this position showed only cardiovascular symptoms. Heart 
block was frequent and characteristic and was the cause of death, rather 
than the gradual myocardial failure seen in the horizontal position. 
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With large doses, sudden, total block occurred very early; with smaller 
amounts, total bloclc appeared as abruptly but after from ten to twenty 
minutes of fairly normal course immediately preceded or not by a few 
dropped pulse beats, or a period of dropped beats (partial block) came 
and went without warning, followed by recovery. No heart block was 
initiated after thirty minutes. In none of the animals were there signs 
of involvement of the central nervous system. There was no inter- 
ference with consciousness. 

Group c : Position Vertical, Head Up, Eighteen Dogs : Dog 48, weighing 
9.1 Kg., received 3.9 cc. of air per kilogram of body weiglit and presented a 
severe reaction (fig. 6). 

At thirty seconds, the respirations were shallow and gasping; they ceased at 
one minute. 

At one minute ten seconds, the injection of air was complete. 



At twenty seconds, the blood pressure had risen to 38 mm. of mercury, it 
dropped immediately to 0 at four minutes. 

At two minutes, the pulse became weak, and the heart action ceased at four 
minutes as the last sign of life. 

Other dogs that received smaller doses exhibited less severe reactions, 
but none recovered. The respirations were almost instantly affected and 
permanent cerebral injury with unconsciousness occurred with the 
smallest doses. The heart showed no disturbance until some time after 
respirations ceased. 

Group d : Investigation of Blood Pressure Reaction, Ten Dogs . 
The cause of the initial elevation in blood pressure that appears charac 
teristically in air embolism from the pulmonary vein was investigated. 
Possible causes for this are direct cardiac effects, action on the central 
nervous system and action directly on the blood vessels. The last 
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appeared the most likely, for air accumulates in the peripheral arterioles 
and capillaries and probably increases resistance to blood flow. The 
first two possibilities were eliminated by experiment, as follows ; 

With the animals under ether anesthesia, a cannula was inserted in 
an intercostal artery, pointing toward the. aorta. With the dog hori- 
zontal, air was injected through the cannula and intercostal vessel into 
the descending aorta at a rate of 25 cc. per minute. Various doses of air 
were employed. 

Dog 40, weighing 22.4 Kg., received 3.9 cc. of air per kilogram of body weight 
(fig. 7). 



Fig, 6 (dog 48). ^Injection of air into the pulmonary vein, with the dog in 
the head-up position. Severe reaction. 


le respirations and pulse were affected at no time. 

e blood pressure commenced to rise immediately after the injection was 
s arte and reached 40 mm. of mercury above normal at thirty seconds. This 
c e\ ation was maintained for five minutes, when the pressure returned to normal, 
t t iree minutes thirty seconds, the injection of air was complete. 

. utopsj showed no air to have entered the coronarv arteries or vessels of the 
head, neck and forelegs. 

Toloancc. The tolerances for air injected into the circulation at 
t at lous points were compared : 

With the animals under ether anesthesia, the pulmonary vein -was 
cannulated in twentj'-one dogs, the jugular vein in twenty-six dogs and 
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the seventh intercostal artery (descending aorta) in ten. Into each 
dog was injected an amount of air determined according to the body 
weight and varied from dog to dog, with the purpose of finding the 
maximum tolerance dose. The rate of injection was 25 cc. per minute. 
After four hours the outcome was noted, whether by death or by 
recovery. 

The results are charted in figure 8. Here each of three columns 
represents the greatest amount of air per kilogram of body weight 
withstood in one of the forms of air embolism. The figures inserted in 
each column specify the numbers of dogs used, and the positions of 
the figures indicate the doses and the fates of the dogs. Thus, the 
maximum tolerance dose for the pulmonary vein is 1.5 cc. per kilogram, 
while those for the jugular vein and descending aorta are 76 and 70 



Fig. 7 (dog 40). — Injection of air into the intercostal artery (aorta), with the 
dog in the horizontal position. 

CC., or at least fifty times as great. Considerable individual variation 
is evident. 

The tolerance for air injected into the pulmonary vein was determined 
for various positions of the body, with twenty-one dogs in the horizontal 
position, seventeen with the head up and thirty-two with the head down. 

The results are charted in figure 9, the same method being employed 
as for the preceding chart. The maximum tolerance dose is 0.5 cc. per 
kilogram of body weight with the head up, 1.5 cc. or three times as 
great in the horizontal position, and 3.3 cc. or six and one half times 
as great with the head down. Individual variation presents itself. 

Cause of Death . — ^The observations recorded concerning the symp- 
tomatology and distribution of the air suggest that the cause of death 
differed in certain body positions. With the head up, the air ascended 
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and involved the brain massively. Death resulted either early from 
respiratory failure (embolism of the medulla oblongata) or, later from 
decerehration. 

In the head-down posture, the air ascended caudally. The coronary 
arteries were affected most seriously. The heart instantly ceased to beat 
or, with smaller doses, it continued for a few minutes and then under- 
went heart block. The brain was protected from embolism and played 
no part in the cause of death. 



Fig 8. Tolerance for air injected into the circulation at various points. 

In the horizontal position, the air passed to both brain and coronary 
vessels. In certain instances, the symptoms preceding death suggested 
involvement of the brain as the lethal factor ; in others, coronary 
involvement. To test the relative importance of these two factors in 
this position, experiments were devised wherein the brain was protected 
from air embolism ; 

With the animals vrnder ether anesthesia, air traps were placed in 
both carotid arteries. Both vertebral arteries were ligated. A strand 
of wire was twisted tightly about the neck, including all structures 
except the carotid arteries, jugular veins, vagus nen'es and trachea. 
Thus, the only blood supply remaining to the brain was through the 
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trapped carotid vessels. Three and nine-tenths cubic centimeters of air 
per kilogram of body weiglit, which is a lethal dose, was then injected 
into a pulmonary vein. Seven dogs were used. 

Dog 32, weighing 11.5 Kg., did not present symptoms referable to embolism. 
The animal recovered. At one hour, the dog was killed. 

Autopsy revealed that the distribution of air was t 3 'pical of that of pulmonarj- 
vein air embolism in this position, except that the head and neck were free. The 
traps contained 32 cc. of air. 

In one other dog, the result was the same. In five dogs, death 
occurred within a few minutes after embolism. 



Fig. 9. — Tolerance for air injected into the pulmonarj' vein in various positions. 


DEDUCTIONS 

These animals were under general anesthesia at the time of the 
injection of air, and during the first ten to twenty minutes the st’rnp- 
tomatic effects of embolism of the higher brain centers were necessarily 
eliminated. This part of the picture is supplied, however, in the experi- 
ments in the section on etiology. 

The symptomatology was found to be similar in all details to that in 
man, and to be separable into two t)'pes, i.e., neuromuscular and cardio- 
vascular. Extreme variation in appearance and degree also occurred, 
even with the same amounts of embolus. 

There were two well defined periods in the reaction, acute and 
chronic. The acute period lasted up to one-half hour and was charac- 
terized by disorders of respiration, heart function and blood pressure, 
together with irritative and paralytic effects in the higher brain centeis. 
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The chronic period presented states of semidecerebration or total 
decerebration, delirium, semilucid periods and convulsive seizuies. 
Improvement leading to recovery was seen at any stage but was rare 
after three hours. The severity of symptoms was in proportion roughly 
to the amount of embolus ; death occurred in either period. 

The type of symptoms was determined largely by the position of 
the animal. In the vertical position, head up, the neuromuscular type 
was dominant, and the only cardiovascular effect detectable was the 
elevation of the initial blood pressure. In the vertical position, head 
down, cardiovascular responses alone appeared. With the dog horizon- 
tal, both types occurred and in varying proportions but the neuro- 
muscular usually predominated. 

A constairt symptom was the elevation of the initial blood pressure. 
Evidence was obtained that this resulted from the accumulation of air 
bubbles in the peripheral arterioles and capillaries with increased 
resistance to arterial blood flow. 

The tolerance of the dog for air injected into the circulation depends 
largely on the portal of entry. In the jugular vein or descending aorta 
more than fifty times as much may be withstood as in the pulmonary 
vein. In the pulmonary vein tolerance depends on body position, and 
is least in the head-up position, three times as great in the horizontal 
and six and one-half times as great in the head-down position. 

The fatal effects of air embolism from the pulmonary vein are due 
to impairment of three vital functions; i. e., cardiac activity by the 
obstruction of the coronary arteries, cerebral and medullary function 
by blockage of the arteries of the brain and blood circulation by blockage 
of the pulmonary arteries. Either the first or the second may be the 
primary cause of death ; the third is never more than contributory. The 
first is the sole cause of death when the animal is in the head-down 
posture and the mechanism is by heart block; the second alone causes 
death when the animal is situated head up, with respiratory paralysis 
in the early stage or decerebration later; in the horizontal position all 
three contribute and the first or the second may be primary, depending 
on the chance distribution of the air embolus. 

DIAGNOSIS AND PROGNOSIS 

Tile diagnosis of air embolism from the pulmonary vein has been 
made without difficulty when sucking was heard at an open vessel or 
when gas was injected into the chest immediately before the symptoms. 
Beclcer,^- Stargardt,®-" Perthes and others have been led by the visual 

quoted from Brauer, L. ; Schroder, G., and Blumenfeld, F. • 
Dandbiich dcr Tuberkulose, cd. 3, Leipzig, J. A. Barth, 1923, vol. 2, p. 461. 

3. . Slargardt, quoted from Gundermann, W. ; klitt. a. d. Grenzgeb d Med 
u. Chir. 33:261, 1921. ' 

ri Gundermann, W. : Ivlitt. a. d. Grenzgeb. d. Med. u. 
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disturbances in some of these cases to examine the eyegrounds and were 
able to establish a diagnosis by seeing bubbles in the retinal vessels. A 
large proportion of the cases, however, have probably remained obscure 
from lack of direct evidence. Often the portal of entry of air or gas 
into the circulation was not apparent, nor was there a sucking sound; no 
heart murmur occurred to point to the diagnosis, as in air embolism 
from a peripheral vein ; an ophthalmoscope has rarely been at hand. 

The symptomatology has not assisted greatly in diagnosis, due to 
confusion with that of other forms of sudden collapse, i.e., internal 
hemorrhage, surgical shock, heart failure, the syncope that ensues with 
the rapid removal of much fluid from the pleural cavity and pleural 
reflex. The last of these, otherwise known as pleural eclampsia or 
pleural shock, has contributed chiefly to the confusion, for it is believed 
by many that nerve impulses elicited from the pleura and lung by trauma 
from an instrument are capable of producing all symptoms seen in air 
embolism. The nature of such nerve reflexes has been studied. Brodie 
and Russell demonstrated strong vagal responses in animals obtained 
by stimulation of vagal fibers at the hilum, bronchi and alveoli of the 
lung. Sauerbruch saw sudden heart failure in man immediately 
following mass ligation at the hilum of the lung or probing within a 
bronchial fistula. Johnson and Luckhardt found that sudden, forceful 
inflation of the lungs in man and animals results in vagus reflex that 
profoundly slows the heart and depresses the blood pressure, often 
fatally, and Johnson and Van Allen proved that this reflex originates 
from the vagus fibers in the lung. Moreover, the experimental work 
of Capps and Lewis indicated the presence of two powerful reflexes, 
one vagal and resulting in cardiac inhibition and the other vasomotor 
with dilator influence on the peripheral vessels. These could be obtained 
separately or at once by irritation of the inflamed but not of the normal 
pleura. The cardio-inhibitory reflex was in itself insufficient to cause 
death but the vasomotor effects were frequently not recovered from; 
both served to lower the blood pressure profoundly. Thus, it is proved 
that what may be termed pleural reflex exists in both man and animals 
and that inhibition of the heart rate, peripheral vasodilatation and fall 
in the blood pressure occur and may result in death. On the other 

35. Brodie, T., and Russell, A.: J. Physiol. 26:92, 1900. 

36. Sauerbruch, F. : Chirurgie der Brustorgane, Berlin, Julius Springer, 1923, 
vol. 2, p. 160. 

37. Johnson, C. A., and Luckhardt, A-. B. : Am. J. Physiol 83:642, 1928, 
ibid. 84:453, 1928. 

38. Johnson, C. A., and Van Allen, C. M. ; Unpublished work. 

39. Capps, J. A., and Lewis, D. D. : Am. J. M. Sc. 134:868, 1907; Blood 
Pressure-Lowering Reflexes from Irrigation of the Chest in Empyema, Arc i. 
Inf. Med. 2:166 (Sept.) 1908. 
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hand, no matter how profound these effects have been, no one has 
obtained focal irritative and paralytic phenomena of the brain such as 
occur commonly in cerebral air embolism. In this connection it is to 
be emphasized that in the lung inflation phenomenon of Johnson and 
Luckhardt the cerebral symptoms were shown to be the result of 
ischemia of the brain and without relation to the vagal reflex.^*® Dis- 
regarding these facts, two extreme and opposite views are held as to 
the cause of these obscure cases of sudden collapse following instru- 
mentation of the lung. The majority of authors, as Forlanini,'* Saug- 
mann'‘° and Stivelman,® diagnose pleural reflex and pay little or no 
attention to the possibility of air embolism, while others, notably 
Brauer,-® Wever-® and Schlaepfer,-- as consistently ascribe the condition 
to air embolism. 

All characteristic symptoms that have been noted in this form of 
air embolism failed when the subject was under general anesthesia or 
when the air entered rapidly and in large amounts, since no opportunity 
was given for evidence of involvement of the brain. The picture was 
simply that of sudden heart and respiratory failure. 

The diagnosis made at autopsy of air embolism from the pulmonary 
vein has depended on the demonstration of air in the blood stream or of 
typical cerebral lesions. Both of these could not appear in the same 
body, since air remains in the vessels during life a few minutes or hours 
only and the degenerative changes in the brain from embolism develop 
only after fifteen hours.®” Thus, patients in whom death occurs between 
two and fifteen hours after the onset of symptoms are expected not 
to exhibit at autopsy evidence of air embolism, either in the form of 
intravascular air or that of secondary changes in the brain. Moreover, 
very small amounts of air may be lethal in embolism from the pulmonary 
vein, and even though death occurs at once its demonstration in the 
peripheral vessels is difficult. Use of the roentgen rays has been 
proposed for diagnosis.'*^ 

Richter described a technic for the demonstration of air or gas 
in the vessels at death which has become standard. Each organ is 
isolated in situ by ligation of the vessel supply, then removed and 
incised under water. Air escaping from the tissues bubbles up plainly. 
The heart is managed somewhat more simplj'-j for ligation and removal 
is dispensed with. The pericardium is opened and held suspended to 
seive as the dish for water submersion. Objection has been raised to 
this method as laborious and misleading, for the air may be withheld 
in the vessels by clots and fail to bubble forth, and the water quickly 

40. Saugmann, C; Boitr. z. Klin. d. Tuberk. 31:571, I9i4. 

41. Baum, F.: Am. J^ted. 33:271, 1927. 

yi.; Gerichtsarztliclie Diagnostik und Technik, Leipzig, S. Hirzel, 
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becomes bloody and obscures the tissues. Moreover, direct observation 
of the vessels serves to detect even very small amounts of air, since the 
smaller arterioles are translucent enough to show air bubbles distinctly 
and the air in larger vessels, heart, cavae and aorta, is present in the 
form of froth and escapes as such plainly when the lumen is opened. 

It is well known that little significance can be placed on finding 
air bubbles in the cerebral vessels at autopsy, unless great care has been 
taken in exposing the brain. In lifting off the skull cap, as it is routinely 
carried out, cortical vessels are stretched and juptured and air is sucked 
from the atmosphere into their lumina. 

Differentiation at autopsj' of the type of air embolism has depended 
on three things. 1. The vessel that served as portal of entry is sought. 
2. The distribution of the air is determined, the fact being borne in 
mind that the lesser circulation acts as an effectual barrier to air bubbles. 
Thus, if air was found in the left side of the heart or the peripheral 
arteries, the case was one of embolism from the pulmonary vein; if only 
in the large veins, right side of the heart and pulmonary arteries, it was 
embolism from a peripheral vein. One exception has pertained to 
this; a patent foramen ovale may allow air to pass from the right to 
the left side of the heart and differentiation is prevented. 3. The typical 
cerebral degenerative lesions are sought for and indicate the pulmonary 
vein type of embolism, unless there is a patent foramen ovale. 

It has been emphasized that fallacious conclusions may result from 
the presence of putrefactive gases in the blood at autops}'. Dyren- 
furth found by actual measurement that within twenty-four hours 
amounts of gas up to 0.25 cc. may be present in the heart cavity, and 
that this may increase during the next few days to 4 cc. In air 
embolism from a peripheral vein there was regularly as much as 7 
cc., but this is probably too high for embolism from the pulmonary 
vein, where smaller amounts are lethal. Dyrenfurth devised a method 
for the qualitative test of these gases, to rule out the putrefactive. 
Simmonds recommended culture of the heart blood for the presence 
of gas-fonning organisms, for the same purpose. 

Prognosis has been uncertain. Usually, the return of consciousness 
has indicated improvement leading to recovery, but in some cases con- 
sciousness has been recovered only for relapse to occur. In recovery 
after pronounced S3mptoms, focal paralyses lasting as long as six months 
have been seen.^® 


43. Dyrenfurth, F. : Med. Klin. 22:807, 1926. 

44. Dyrenfurth, F. : Deutsche Ztschr. f. d. ges. gerichtl. kled. 8:727, 1926. 

45. Simmonds, M. : Afiinchen. raed. Wchnschr. 62:662, 1915. 

46. Head, J. : Personal communication to the authors. 
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EXPERIMENTAL WORK 

Diagnosis. — characteristic sign of air embolism from the pul- 
monary vein, noted practically always in these experiments, was 
immediate elevation of the arterial blood pressure. The most frequent 
degree of rise ivas from 30 to 40 mm. of mercury, but often the initial 
pressure was more than doubled. The elevation was maintained as long 
as air continued to be injected and usually also for a minute or two 
afterward. Even exceedingly small amounts of air produced detectable 
hypertension. In air embolism from the peripheral vein, on the other 
hand, initial depression of the blood pressure is the rule. These opposite 
effects are illustrated in the following experiment. 



Fig. 10 (dog 6) .-^Injection of air into the pulmonary vein, followed in thirty 
minutes by (he injection of air into the jugular vein (graphs superimposed). 


og 6, weighing 8.4 Kg., was fitted with cannulas in both pulmonary and 
jugular reins. The femoral artery was connected to a mercury manometer and 
Mood pressure level was recorded. Then a small amount of air 
{— cc. per kilogram) was inj'ected into the pulmonary vein and the blood pressure 
reaction noted. Forty-five minutes later, when the pressure was again at a normal 

ere. the same amount rvas injected into the jugular vein, and the reaction again 
noted. 

3 he Ur o blood pressure curves thus obtained are compared in figure 10 by 
siiperimposition. On^ is seen to be the reverse of the other. 


A second characteristic sign of air embolism from the pulmonary 
rein is elicited as foliorvs; A stab cut is made through the skin of a 
pat t of the body that is uppermost and bleeding is produced. Bubbles 
of air \nll stream out distinctly with the blood. The test should be 
made within fifteen minutes after embolism. 
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Prognosis . — Prognosis in air embolism from the pulmonary vein in 
the clog was possible within certain limits; 1. The severity of the 
symptoms depended in general on the amount of air entering the cir- 
culation. 2. Primary respiratory failure was looked for only within 
the first ten to fifteen minutes; primary heart failure, within half an 
hour. 3. Unconsciousness, when continued longer than half an hour, 
indicated serious cerebral involvement. 

CLINICAL CASES 

Case 2 illustrates the use of the blood pressure reaction in the diag- 
nosis of air embolism in man. 

Case 2. — A white woman, aged 51, presented an illne.ss of seven months’ dura- 
tion. The onset was sudden, with chills, fever and pain in the left side of the 
chest. Cough developed and fever continued for three weeks. There had been 
continuous cough and intermittent periods of fever since then. There was 250 cc. 
of foul sputum daily, which was negative for tubercle bacillus. A moderate loss 
of weight and strength occurred. The diagnosis was chronic abscess oi the left 
lung. 

The patient was admitted to University of Iowa Hospital, surgical service, 
lodization of the bronchial tree showed a large filling in the center of the left 
lung, extending laterally to within 2 cm. of the pleura. This was interpreted as 
an abscess cavity. 

On two occasions attempts were made to reach the abscess with an e.xploratory 
needle, without success. The third attempt was as follows : With the patient 
under local anesthesia, the third rib was resected in the anterior axillary line, 
which was a point shown by fluoroscopy to overly the abscess closely. The pleura 
was found free, and the wound was packed with gauze to produce adhesions. 
Four days later, the pack was removed and e.xplorafion was performed without 
anesthesia, the patient sitting semi-erect. A large hypodermic needle, attached to 
a syringe, was passed perpendicularly through the rib bed into the lung. The 
parenchyma was found to be tough. Nothing could be aspirated, except that at 
one point blood was freely drawn and at another air. The puncture was repeated, 
and at a depth of 5 cm. the patient started to cough. The needle was withdrawn. 
She raised a little bright frothy blood and continued to cough urgently. She 
e.xperienced a prickling sensation over the body surface and became unable to 
speak. Dyspnea developed and, at about one minute, unconsciousness. The pulse 
rate was 66, and was slightly irregular. The color was somewhat cyanotic. At 
about ten minutes (accurate time is not kept at such emergencies) the blood pres- 
sure was taken and found to be 180 sj'stolic and SO diastolic; at twenty minutes, 
162 S3’stolic and 76 diastolic; at thirty minutes, 152 systolic and 70 diastolic; at 
fortj' minutes, 140 systolic and 68 diastolic; at fifty minutes, 130 systolic and 65 
diastolic, and seventy-five minutes, 125 systolic and 65 diastolic. Conscioushess 
returned at thirty minutes and with it speech; at this time it was noted that the 
entire left side of the body was paralj'zed and with hj-peractive tendon reflexes. 
There was no anesthesia. The eyegrounds were normal. At forty-five minutes, 
the paralysis began to disappear and cleared at one hour. A sensation of heavi- 
ness persisted in that side of the body. Dyspnea graduallj' disappeared, 
one and one-half hours the condition was normal, except for the pulse rate, whic 
was 120. 
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It was thought that air embolism from the pulmonary vein was the 
cause of the condition, since; 1. Needle puncture in a sclerotic lung 
is known (case 1) to be capable of producing a bronchovenous fistula, 
and such a communication permits air to be inspired into the circulation. 
Here a bronchus and blood vessel are known to have been pierced 
in a sclerotic lung. 2. During the height of the reaction the 
blood pressure was found markedly elevated, and in no other form of 
sudden collapse, save cerebral hemorrhage, is this seen. 3. The symp- 
toms were chiedy those of transient cerebral dysfunction characteristic 
of air embolism of the brain. 

DEDUCTIONS 

The diagnosis of air embolism from the pulmonary vein is assisted 
by two phenomena, readily elicited ; 

1. Initial elevation of the blood pressure: In the dog, this lasts as 
long as air continues to enter the circulation and heart action is main- 
tained. Even very small amounts of air produce noticeable elevation. In 
man, the reaction is described, and here the elevation was maintained 
about one hour. The presence of this phenomenon in cases of sudden 
collapse with instrumentation of the lung rules out air embolism from 
a peripheral vein, pleural and vagal reflex, hemorrhage and traumatic 
shock. Its transiency rules out cerebral hemorrhage. 

2. “Air bleeding”; In air embolism from the pulmonary vein, the 
peripheral capillaries in the upper parts of the body contain bubbles of 
air, and these flow plainly out with the blood from a wound. A small 
stab incision serves to demonstrate this. ■ The phenomenon is 
pathognomonic. 

Prognosis is difficult; it depends on appreciation of the amount of 
air embolus, severity of symptoms and the time interval. 

PREVENTION 

Measures to insure against air or gas embolism during the adminis- 
tration of artificial pneumothora, particularly at the initial filling, have 
eliminated much of the danger. Thus, there is the incision method of 
Braiier,'*' employment of a blunt needle, manometer control, etc. The 
accident occasionally takes place, however, even in the best hands. 

During the irrigation and probing of pleural fistulas, it has been 
advocated that no injury, either b}"^ direct trauma or by stretching, be 
inflicted on the pleural surface or pleural adhesions. Instances of shock 
following such procedures have been accompanied by bleeding as 
e\idence of damage to vessels within the sinus. 

A7, Brauer, L., and Spengler, L. : Beitr. z. Klin. d. Tuberk. 14:419, 1909. 

48. Sdilacpfcr, K.; Surg. G.vnec. Obst. 37:510, 1923. 
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Spontaneous suction by a pulmonary (or other) vein of air from 
the outer atmosphere is prevented with certainty by causing the patient 
to breathe under positive pressure at the time, as demonstrated by 
Tiegel in 1907.^'’ The principle of the apparatus necessary for this 
jxirpose is illustrated in figure 11. 

EXPERIMENTAL WORK 

Various measures that might be expected to prevent spontaneous air 
embolism from the pulmonary vein were tested in the dog, (1) under 
the conditions of external venous fistula and (2) under conditions of 
bronchovenous fistula. 



Fig. 11 (dog 50). — Pulmonary vein fistula; temporary protection against air 
suction b}' the injection of epinephrine. 

E.vtcrnal Fistula. — (n) Positive Pressure Breathing, Two Dogs ; Dog 49, 
weighing 8.5 Kg., was anesthetized and fitted with a pulmonary vein cannula. 
Placed in the horizontal position, positive pressure breathing was applied. 

At 20 cm. of water pressure, the cannula was opened. The blood from the 
vein flowed freely out, both in inspiration and in expiration. 

At 17 cm. of water pressure, the bleeding was less free. 

At 14 cm. of water pressure, bleeding occurred during expiration, and the 
column of fluid in the cannula remained stationary in inspiration. At 11 cm., the 
column of fluid was stationarj' in expiration and dropped toward the vein slighth 
in inspiration. 

At 8 cm., the fluid meniscus appeared above the surface of the chest in expira 
tion and dropped below in inspiration. 

At 5 cm., the fluid remained always below the surface of the chest but em o 
lism did not occur. 


49. Tiegel, M. : ^litt. a. d. Grenzgeb. d. Med. u. Chir. 3:789, 1907. 
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At 3 cm., air was drawn freely through the cannula, and the animal died of 
air embolism. 

(&) Intravenous Injection of Epinephrine, Four Dogs: Dog 50, weighing 
5.8 Kg., was placed under general anesthesia, in the horizontal position, and was 
fitted with a pulmonary vein cannula and a femoral blood pressure recording 
apparatus. The normal pressure was recorded, and then 0.5 cc. of epinephrine 
hydrochloride was injected intravenously (fig. 11). 

At injection, the blood pressure started to rise. 

At two minutes, when the pressure was 74 mm. of mercury above normal, the 
cannula was opened and found to bleed freely. 

The pressure continued to rise and then fell gradually with constant tendency 
to bleed from the cannula. 

At four minutes ten seconds, when the pressure was 72 mm. of mercury above 
normal, equilibrium was reached. As the pressure fell further the meniscus in 



Fig. 12 (dog 111). — Injection of air into the pulmonary vein, with the dog in 
the head-down position. Illustrating the fatal effect of resuming the horizontal 
position too soon. 


the cannula dropped, and at six minutes thirty seconds, at 28 mm. of mercury 
elevation, there was sucking of air into the vein, and the dog died from embolism. 

, In Other dogs, the effect was similar, although the blood pressure 
tallies were different in each case. Ephedrine was found to act in the 
same manner. 

^ Broiiclwzviious Fistiila. — (a) Positive Pressure Breathing, One Dog: In dog 
al, weighing 6.9 Kg., while under general anesthesia, a bronchovenous fistula was 
created as in dog 1 (section on etiology) and the communication was kept blocked 
in U-tube. Positive pressure breathing was applied. At 

cm. of water pressure, the clamp was removed and patencj- of the fistula was 
c.sta ) IS led. Air passed immediately from bronchus to vein, and the dog died. 

(fi) Xegative Pressure Breathing, One Dog: Dog 52, weighing 7.5 Kg., was 
reated in a similar manner to dog 51, e.xcept that negative pressure breathing 
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was administered. At 24 cm. of water pressure, the clamp was removed from 
the U-tube. Air passed rapidly from the bronchus to the vein. The dog died. 

(c) Intravenous Injection of Epinephrine, Three Dogs: Dog 53, weighing 
9.2 Kg., was fitted with a bronchovenous cannula and a femoral blood pressure 
recording apparatus. The normal pressure was determined and then O.S cc. of 
epinephrine hydrochloride was injected intravenously. 

At injection, the blood pressure began to rise. 

After one minute and fifty seconds, with the pressure 56 mra. of mercury 
above normal, the U-tube was released. The venous blood flowed quickly toward 
the bronchus. 

The pressure continued to rise and then fell gradually, with a constant ten- 
dency to bleed from the vein. 

After four minutes, the pressure reached 14 mm. of mercury above normal and 
air was drawn with each inspiration from bronchus to vein, with death. 

A similar, transient protection against embolism was seen in the 
other dogs. 

Bronchus Block, Three Dogs ; Dog 54, weighing 10 Kg., was fitted with a 
bronchovenous cannula. A small rubber bag connected with a rubber tube was 
introduced by bronchoscope into the primary bronchus on the side of the cannula. 
By inflating the bag suddenly during expiration, the bronchus was blocked and 
a negative pressure established in the peripheral bronchi in inspiration. 

The bronchovenous cannula was released; no air passed into the vein. The 
bronchus block was released ; fatal air embolism immediately took place. 

A similar result was seen in the other dogs. 

DEDUCTIONS 

Spontaneous air embolism from an external fistula of the pulmonary 
vein was prevented in dogs by two means: (1) Positive pressure 
breathing (Tiegel), with pressure as low as 5 cm. of water; pressures 
above 14 cm. of water caused the vein to bleed. (2) The intravenous 
injection of epinephrine or ephedrine; the protection lasted only while 
the blood pressure remained above certain levels, which was only a 
few minutes. Accompanying this was a tendency to bleed from the 
vein. 

Spontaneous embolism from a bronchovenous fistula in dogs was 
prevented by two means: (1) The intravenous injection of epinephrine 
or ephedrine; the effects were the same as .in external fistula. (2) 
Bronchial block; protection lasted as long as the block was maintained, 
and without tendency to bleed from the vein. The use of positive 
pressure or negative pressure breathing afforded no protection but 
rather encouraged embolism. 

TREATMENT 

Consistent benefit in air embolism from the pulmonary vein has not 
been obtained experimentally or clinically by an}’^ form of treatment. 
Cardiorespiratory stimulants and intracardiac injections of epinephrine 
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have had no effect. Gundermann exposed the heart in dogs and 
aspirated and massaged the ventricle but could not rescue any one. He 
explained his failure by indicating the cause of heart failure as myocar- 
dial ischemia, necessarily resistant to axiy artificial stimulant short of 
reestablishment of the coronary circulation. Reyer and Kohl sug- 
gested that the person’s head be lowered after embolism, in order to 
bring additional blood to the brain, but this has not proved of 
assistance. 

EXPERIMENTAL WORK 

Two measures appeared of likely value in treatment, as indicated 
by the aforementioned experimental observations, i.e., artificial respira- 
tion and the use of the head-down position preliminary to air embolism. 

Artificial Respiration, Seven Dogs . — These experiments were 
carried out in the following manner ; 

Each dog was placed under general anesthesia in the horizontal position, and a 
pulmonary vein cannula was inserted. Continuous intratracheal insufflation of air, 
according to the original principle of Meltzer and Auer,“ was instituted, and then 
a measured dose of air was injected into the pulmonary vein at a rate of 25 cc. 
per minute. The outcome was noted, whether by death or by recovery at four 
hours. The amounts of air were varied, to determine the maximum tolerance dose. 

The maximum tolerance dose was 1.5 cc. per kilogram, which is the same as 
that found without artificial respiration in this position. 

F crtical Position, Head Doxvn, Thirty-txvo Dogs . — Experiments 
have been described in the section on tolerance (fig. 9) which indicate 
tliat, when the dog is in a vertical position, head down, the maximum 
tolerance dose is 3.3 cc. per kilogram of body weight, or two times 
that in the horizontal position. 

Vertical Position, Head Dozvn, Plus Artificial Respiration, Fifteen 
Dogs . — Ihe artificial respiration was combined with the head-down 
position, described in the two previous experiments. The maximum 
tolerance dose for air injected into the pulmonary vein was found to 
be 5 cc. per kilogram of body weight or 50 per cent greater than with 
tlie head-down position alone. 

Tiiis increased tolerance to air embolism was obtained only when 
artificial respiration was maintained at least one-half hour and when the 
position was held for one hour or more. The latter requirement is 
emphasized liy experiment ; 

Dog 111, weighing 12 Kg., under general anesthesia, was placed in a head- 

on n position and given 5 cc. of air per kilogram of body weight into the pul- 
monary vein, and the reaction was noted (fig. 12). 

At thirty-eight minutes, recovery from the embolism seemed complete. The 
anest wtic had been discontinued and the dog had regained consciousness. The 

SO. Reyer, G. W’., and Kohl, H. W. ; Air Embolism Complicating Thoracic 
Siirpry, J. A. A. 87:1626 (Xov. 13) 1926. 

*1. Mcltzer, S.. and Auer, J.: J. Exper. Med. 11:622, 1909. 
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table was lowered to the horizontal position. Iinnicdiately, the blood pressure 
rose slightly and then dropped steadily to 0 at forty-seven minutes. 

At autopsy, it was found that air that had accumulated in the large trunk and 
the arteries of the hind legs had passed backward against the blood stream, 
ascended the aorta and reached the branches leading to the head and the coronary 
arteries. This retrograde embolism had obviously occurred at the time of change 
of the animal’s position. 

This occurrence of retrograde embolism on change of body position was dem- 
onstrated in two other dogs by means of air traps inserted in various vessels. 

DEDUCTIONS 

Treatment for air embolism from the pulmonary vein by artificial 
respiration (intratracheal insufflation of Meltzer and Auer) is of 
assistance only wlien the animal has been placed in a steep, head-down 
position before the onset of embolism. The tolerance for air embolus 



Fig, 13. — Cross-section of the thoracic wall and underlying lung with exploring 
needle in place. Illustrating the mode of formation of a bronchovenous fistula 
by' needle puncture. 

is then 5 cc. per kilogram of body weight, which is distinctly greater 
than under any other circumstances tested and is ten times as great as 
in the most susceptible circumstance, i.e., with the head up. 

Artificial respiration must be continued for half an hour and the 
head-down posture for one hour in order to obtain the beneficial effects. 

COMMENT 

Air embolism from bronchovenous fistula is a complication demand- 
ing consideration in exploratory needle puncture of the lung, judging 
from the evidence of cases 1 and 2. In the parenchyma of the lungs the 
pulmonary veins lie in close proximity’ to bronchi, and transfixion of 
both vein and accompanying bronchus by' the needle leay'es defects in 
their yvalls at adjacent points (fig. 13). If, then, the parenchyma is 
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consolidated and inelastic, as it frequently is when such exploration is 
made, the pathway may remain temporarily patent. Likewise, a broncho- 
venous fistula may form readily in the case of a pulmonary cavity 
containing a vein in its wall, where a tangential needle thrust could tear 
the thin partition separating the lumen of the vein from the cavity. 
Given a patent bronchovenous communication, the vein becomes a branch 
of the bronchial tree and receives air during inspiration as voluminously 
as does any bronchial branch of like caliber. Here the person literally 
breathes into his circulation. The autopsy in case 1 revealed hundreds 
of cubic centimeters of air in the blood vessels. Such a mechanism may 
account for many of the obscure instances of sudden collapse following 
thoracentesis. 

The extreme points of view commonly held as to the cause of these 
obscure complications following lung instrumentation, ascribing it 
entirely either to air embolism or to pleural reflex, are not justified by 
the available clinical and experimental evidence. That both entities 
exist as such and may occur in man and animals is established beyond 
reasonable doubt, as we have outlined, and differentiation must be made 
in diagnosing each case. Symptoms of irritation or paralysis of the 
higher brain centers point to embolism, but in the presence of cardio- 
vascular symptoms alone either of the causes may be in play. 

Differential diagnosis is assisted greatly by examination for one or 
both of two phenomena, i.e., sudden blood pressure alteration and "air 
bleeding.” Marked depression of the blood pressure is seen in pleural 
reflex and other forms of shock, while elevation is characteristic of air 
embolism from the pulmonary veins. “Air bleeding” is, of course, 
pathognomonic of the latter. These signs are obtainable with instruments 
usually at hand and with no unusual amount of skill. 

Air embolism from the pulmonary vein in its various forms is pre- 
ventable. When there is a possibility of embolism occurring from 
external fistula of the vein, the use of positive pressure breathing may 
be relied on to eliminate tbe negative intrathoracic pressure and the 
capacity of the thoracic veins for suction. The Tiegel method (fig. 14) 
is perhaps the best, being simple and well tolerated by the conscious 
patient. Its principal advantage over other apparatus of the sort is 
the freely open breathing outlet, for submergence under water is used 
to procure pressure and there is no choking sensation produced as occurs 
with the spring valve devices, which elevate the pressure within the 
mask b)' obstruction to the outlet. Moreover, the water submersion 
principle sets the pressure desired and insures against accidental over- 
distention of the lungs. The pressure used is slight, from S to 10 
cm. of water. 

When there is a possibility of embolism from bronchovenous fistula, 
certain and controllable means of prevention are obtained only by 
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blocking the bronclius leading to the affected lung during the operation. 
The technic for this in man has not been developed but should be 
comparatively simple and without necessity of bronchoscopy. A fine 
catheter fitted at the end with a small rubber bag may be passed through 
the anesthetized larynx and into the bronchus under fluroscopic control, 
as in the Iglauer method for iodization. The use of epinephrine to 
raise the pulmonary intravenous pressure prevents spontaneous suction 
by the veins but the effect is too transient to be practicable. 

The treatment for air embolism is of little avail. The embolized vital 
centers cannot be well reached by medication and there is no way of 
removing the air lodged in the vessels. Anoxemia may be prevented 
and distinct benefit obtained by the use of artificial respiration, as carried 



Fig. 14. — Positive pressure breatliing apparatus applied to man, according to 
Tiegel. The air is supplied by tanks to the breathing mask and bag, and the 
exhaust air is carried out by a tube under water. The depth of the outlet under 
water determines the pressure breathed. 


out in the experiments reported ; this is not applicable to clinical experi- 
ence, as only the principle of continuous intratracheal insufflation^ is 
desirable. Any procedure for administering artificial respiration which 
entails increasing the chest movements is likely to add to the air 
embolism and should be avoided. Once air embolism has occurred, it 
is of no benefit to institute the Trendelenberg position. The patient 
should be allowed to lie in the original position quietly and fight his 
own battle. 

52. Iglauer, S. : Injected Iodized Oil in Roentgen-Ray Diagnoses of Larjn 
geal. Tracheal and Broncho-Pulmonary Conditions, J. A. M. A. 86:1897 (June 
19) 1926. 
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When an operation is contemplated in which there is a possibility 
of air embolism occurring and when certain means of prevention are 
not at hand the following procedure is advocated: 

During the stage of the operation in which embolism is likely to 
occur, the patient is placed in a steep Trendelenberg position. The blood 
pressure is taken every minute or so, to warn of complications and 
indicate immediate interruption of the operation. If a sudden, marked 
elevation points to embolism, the diagnosis may be confirmed by eliciting 
“air bleeding,” and the patient must then be maintained in the head-down 
posture for about two hours, to obviate shifting of the air to other 
parts of the body (coronary and cerebral vessels). Oxygen may be 
administered with a tent or other efficient passive methods. 


SUMMARY 


The subject of air embolism from the pulmonary vein is considered 
in this paper as to etiology, distribution of the air in the circulation, 
physiologic reaction, tolerance, cause of death, diagnosis, prognosis, 
prevention and treatment. Under each of these captions is given a 
review of the present knowledge and original clinical and experimental 
observations and deductions. 

Particular emphasis is placed on the following conclusions : 

1. Bronchovenous fistula may be produced by simple thoracentesis 
and may form a portal of entry for air into the pulmonary veins. 

2. Gravity is a determining factor distributing air in the blood 
circulation. 


3. Embolism of the heart (coronary) and brain are the vital effects. 
The position of the animal determines which of these are primary in a 
given case. 

4. Tolerance for embolism is greatest when the head of the animal 
is well depressed and least with the head up. 

5. Diagnosis is aided by two characteristic and easily elicited signs, 
i.c., elevation of the initial blood pressure and “air bleeding.” 

6. Prevention is certain by employing positive pressure breathing, 
vhen an external venous fistula is present, or by bronchial block, rvhen 
a bronchovenous fistula exists. 

7 . Treatment, although effective under ideal circumstances, is not 
practical. 
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REVIEW OF THE LITERATURE 

A consideration of the numerous methods of procedure used in the 
experimental stud}' of peptic ulcer shows that experimental ulcers may 
be grouped under a few general headings; (1) resulting from a deficient 
blood supply to the gastric mucosa ; (2) produced by the action of bac- 
teria; (3) resulting from the action of toxic agents; (4) resulting from 
trophic and glandular disturbances, and (5) produced by the action of 
the digestive juices. 

Prior to Virchow’s time, experimental studies of the problem had not 
been carried out. Indeed, a clear recognition of peptic ulcer as a distinct 
pathologic and clinical entity was not achieved until comparatively late in 
the progress of medical science. Galen, Celsus and other ancient investi- 
gators, presented vague and doubtful references to the ulcer in their 
descriptions of passia cardiaca, hematemesis and melena. The post- 
mortem examinations of the sixteenth century, stimulated by the general 
revival of original investigation, resulted in many descriptions of ulcer 
and cicatrices of the stomach. Bonetus (1679) published in tlie 
Scpnlchretum one of the earliest recorded cases of perforating ulcer, 
which was observed by John Bauhin ; other cases were described in the 
next centur)' by Donatus, Courtial, Littre. Shenck and Morgagni. 
Matthew Baillie (1793) published the first accurate study of the ana- 
tomic peculiarities of ulcer; he republislied the worlc later with three 
engravings and clinical data, but it had little influence on contemporary 
medical thought. A valuable description of the clinical syndrome, includ- 
ing nearly all the symptoms now recognized as characteristic of the 
malady, was published by John Abercrombie (1824). Cruveilhier 
(1829-1835) was the first to differentiate clearly ulcer of the stomach, 
carcinoma of the stomach and ordinary gastritis. He gave a clear 
anatomic and clinical description of the disease suggesting, as its pri- 
mary cause, preceding gastritis. He anticipated the modern view 
expressed by Nauwerck ^ and supported by the studies of Konjetzny 
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and others, that gastritis might be the primary condition and the basis 
of the formation of ulcer. The other modern view, that hemorrhagic 
erosions establish the basis for a subsequent ulcerative process, was first 
expressed by Rokitansky = in his description of seventy-nine cases. 


VASCULAR SUPPLY 


Historically, the first groping toward an explanation of the cause of 
ulcer was the concept of vascular insufficienc}". Theory preceded experi- 
ment and outlined its development. Virchow ■* announced his theory that 
vascular infarction was the primary etiologic factor in causing the 
formation of ulcer in the stomach. He visualized an ulcer as local 
ischemic necrosis induced by the embolic occlusion of a vessel; this 
vascular lesion mechanically removed the alkalinizing influence of the 
blood, and permitted the local destruction of the gastric wall Ity the 
corroding hydrochloric acid. The typical conical shape of the ulcer 
and its eccentric perforation of the serous coat depended, he believed, 
on the conical distribution of the tuft of vessels arising from the 
occluded eccentric arterial rootlet. Janeway “ presented to the New York 
Pathological Society a clinical case of ulcer with a fibrinous ]>lug in a 
branch of the gastro-epiploic artery leading to the ulcer ; a source of the 
plug was not found. Cohnheim,® in reviewing the old authorities, 
recalled Klebs’ ^ belief that local ischemia due to spastic contraction of 
the arteries furnished the basis for ulceration ; that Virchow attributed 
it to disease of the vessels, particularly embolic occlusion ; that Giins- 
burg ‘ thought impediments to the escape of venous blood acted as a 
cause; that Key’ held that mechanical hyperemia, caused by abnormal 
contraction of the gastric musculature, might cause local hemorrhage 
leading to the formation of the ulcer, and that Quincke believed general 
anemia to be a significant factor. 

Embolus . — Experimental study of these hypotheses was first 
attempted by Panum ® and Cohnheim.® Accepting Virchow’s theory, 
Panum injected an emulsion of wax into the central end of the femoral 
artery of dogs; multiple small hemorrhagic infarcts and ulcers formed in 
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S. Panum, P. L. : Experimentelle Beitrage zur Lehre von der Embolie 
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the stomach. However, the dogs died within twenty-four hours from 
widely disseminated emboli, so that the ultimate course of these ulcers 
was a matter of conjecture. Cohnheim injected lead chromate suspen- 
sion into the gastric branches of the splenic arter}'^, which caused large 
ulcers with precipitous walls on the second day; several small ulcers 
persisted into the second week, and complete healing occurred in the 
third week. In subsequent studies, Payr ” and Grossi injected a sus- 
pension of bismuth subgallate in sterile water into the gastric veins of 
twenty dogs, which caused submucous hemorrhage and acute ulcerations. 
Chessine and Feldmann,^*^ injecting a 10 per cent emulsion of bismuth 
subgallate, produced infarcts of the mucosa, but only when they induced 
concurrent secondary anemia (hemoglobin 40 per cent) by the intra- 
venous injection of chloral h3'drate and phenylhydrazine ; all ulcers were 
healed in thirty days, one showing cicatrization. Ivy used finely 
divided emboli of animal charcoal, which gave negative results after 
injection into the gastro-epiploic vessels; however, using lead chromate 
and pigments, he produced ulcers which he interpreted as of toxic origin. 
Greggio and Bolton quoted other experiments on the injection of 
emboli which produced variable results: Sapiejko used lycopodium; 
Kobayashi and Nauverck used mycotic emboli ; Vigliani used a “coagulat- 
ing substance”; Rosenbach and Exner injected liquid paraffin and cul- 
tures of staphylococci into the gastro-epiploics ; Shridde used fat emboli ; 
Klebs and Welti used emboli formed from blood corpuscles and pigment 
granules, and Prevost and Cottard introduced tobacco into the aorta of 
a rabbit. Wilkie,^ “ interpreting the hematemesis that occasionally fol- 
lows abdominal oj)erations as due to retrograde emboli from omental 
thrombosis, injected solid particles of sterile oil into an omental vein. 
These particles impacting in the smaller venous branches caused sub- 
mucous erosions and definite infarctions of the stomach, with associated 
infarcts of the spleen and liver. Greggio cited other studies, with the 
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omentum; Sapiejko burned it, and Eiselberg, Friedlich, Pavy, Schiff, 
Matthes and Gibelli ligated it, all with uncertain or negative results. 

Ligation of Vessels— These unsatisfactory methods of study were 
supplanted by ligation of vessels. Litthauer found the anastomosis of 
vessels so free that a third of the blood supply to the stomach could be 
cut off without the formation of ulcer. Turck^^ ligated all the vessels 
of the stomach and produced erosions. Fenwick failed to produce 
lesions by ligating only a few veins, but by tying most of them and 
injecting the portal vein with tincture of perchloride of iron, he pro- 
duced hemorrhages and ulcers. Bolton quoted Mueller, Pavy, Roth 
and Litten as obtaining negative results from ligature of the larger 
arteries. Interference with the blood supply associated with injury to 
the mucosa was studied by Litthauer ; he tied all the vessels in a given 
portion of the stomach, excised a piece of mucosa from that area and 
fed dilute hydrochloric acid; he procured ulcers in only two of eight 
experiments. Clairmont,^'* Greggio and Matthes performed similar 
experiments, cauterizing the borders of the ulcer with hydrochloric acid, 
and found that ulcers formed easily in the pyloric region but not in the 
cardiac region. Yano found that whereas ligation of the gastro- 
epiploic arteries had no effect on the fundic mucosa, ligation of the 
gastric or pyloric artery led, as shown by intravenous injections of dye, 
to localized nutritional disturbances in the “Magenstrasse” of Waldeyer 
and Aschoff. 

The studies on vascular occlusion in relation to the formation of ulcer 
suggested to Berlet-- a possible relationship between the anatomic dis- 
tribution of the vessels and the site of greatest ulcer incidence. He 
injected the gastric arteries of twenty cadavers with a solution of gelatin 
containing red lead. Roentgen studies demonstrated that the blood 
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supply to the pyloi'ic region was much more sparse tlian that to the other 
parts of the stomach. He inferred that this predisposed the region to 
circulatory disturbances, rendering it much less capable of developing 
compensator}^ collateral circulation. Reeves found that the vessels in 
the submucosa of the lesser curvature are smaller and longer, without 
as free anastomosis as in the other regions of the stomach; also that 
they are tortuous, with constantly increasing resistance to the blood 
stream. In the first part of the duodenum there are relatively few 
vessels in comparison with other parts of the duodenum. He concluded 
that these vessels are more prone to occlusion by emboli and may play 
an important part in the production of ulcer by hematogenous infection. 
Occlusion of Vessels . — The theory sponsored by von Bergmann,-* 
that spastic contraction of the arteries causes local ischemia which is 
the starting point for digestion by the gastric juice and subsequent 
ulceration, has met with considerable favor among German investigators. 
Westphal,-“ trying to prove the spasmogenic theory of Klebs and von 
Bergmann, injected large subcutaneous doses of pilocarpine, with and 
without physostigmine, into rabbits. This produced ulcers and erosions 
which he considered to be the result of spastic muscular contraction due 
to extreme vagal irritation. His experiments with cats, dogs and guinea- 
pigs were not so successful. With the stomach of the rabbit exposed, 
he observed long continued, spasmodically increased peristalsis, followed 
by cyanosis and pallor; snow-rvhite specks appeared suddenly on the 
mucosa in which a dark center occurred. The anemic foci he believed 
to be due to vascular spasm with impoverishment of the blood supply to 
the mucosa. On the basis of the lesion ranging from hemorrhagic 
erosions to chronic perforating ulcers, which were produced with pilo- 
carpine, epinephrine and morphine, singly and combined, Nakashima-® 
accepted von Bergmann’s theory as the most logical explanation of the 
pathogenesis of ulcer. Underhill and Freiheit made direct observa- 
tions on the stomach after injecting pilocarpine and epinephrine, from 
which they concluded that the lesions depended on cyanosis of the stom- 
ach and localized areas of anemia, on which the gastric contents exerted 
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a destructive action. Hayashi interpreted the ulcerous changes pro- 
duced by injecting nicotine into guinea-pigs as due to obstruction of the 
arteries by muscular contraction. Gallagher demonstrated that 
localized anemia of the duodenal mucosa produced by pressure, if it 
were maintained for a minimal period of forty minutes, resulted in 
superficial ulcers. Haeller declared that ^^^estphal’s results ^yere not 
due to gastric spasm, but to disturbances of the circulation and 
metabolism resulting from severe general intoxication. He believed 
the lesions to be a result of the toxic action of the drug, as he produced 
ulcerations with morphine, physostigmine and atropine, which exert a 
different physiologic effect. 

Connor in a histologic study of peptic ulcers, ascribed the chronicity 
of ulcer and its failure to heal to thrombosis of the vessels in the sur- 
rounding tissue. It is possible that this thrombosis is an effect and not 
the cause of the local condition, for Mann has reported a thrombotic 
process from the inflammatory reaction accompanying experimental 
ulcers. The fact that Morton procured healing of ulcers after gastro- 
enterostomy indicates that the thrombotic element, which would have 
been unaffected by this surgical procedure, miglit not have been the 
essential factor in maintaining chronicity. Konjetzny - did not observe 
thrombosis in the areas of gastritis and duodenitis, which he regarded 
as the possible basis of the formation of ulcer. 

Anemia . — Many investigators have believed that general anemia as 
well as local vascular insufficiency has some bearing on the production 
of ulcer. Quincke first suggested this possibility. Zironi produced 
ulcerations in 80 per cent of animals rendered anemic by the injection 
of pyrodine after bilateral vagotomy ; in the absence of anemia, lesions 
appeared in only 59 per cent of cases and were neither so deep nor so 
extensive. Silbermann,""^ Litthauer and Matthes presented evidence 
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to show tliat anemia and hyperchlorhydria prolonged acute ulcers only to 
a negligible degree. Turck reported that ulcers occurred in animals 
simply by keeping them in close confinement until they were debilitated. 
Gibelli reported negative results after anemia produced by bleeding. 

Portal Insufficiency.— PirnWy, interference with the portal circula- 
tion, although of indirect action, has been associated with the formation 
of ulcer. Mueller and Fenwick,’* by sudden occlusion of the portal 
vein, caused hemorrhages of the mucosa and ulcerations, chiefly in the 
cardiac end of the stomach. Following ligation of the portal vein, 
Gundermann observed hepatic dj'sfunction with cerebral, renal and 
digestive disturbances ; hemorrhages and ulcerations occurred in the 
stomach and duodenum. Payr i>roduced acute ulcers (also certain 
chronic types) which perforated in three weeks by compression of the 
portal vein and injections of alcohol and formaldehyde. Turck inter- 
rupted the blood suppl)' to the liver and ligated the blood vessels on 
the lesser curvature of the stomach; this resulted in congestion with 
hemorrhagic spots and erosions in the stomach. Bollman and Mann 
reported that in a fairly large percentage of dogs subjected to true Eck 
fistula and fed with coarse kennel food perforating duodenal ulcers may 
form after a period of several months. 

HACTERIAL RELATIONSHIP 

As Virchow's theory of the vascular origin of ulcer had initiated 
considerable study of the influence of that factor, so Cruveilhier’s com- 
parison of peptic ulcer to intestinal typhoid ulcer stimulated investigation 
of the hacteriologic relationship of ulcer. 

Early Experiments. — Lebert (1837), probably stimulated by' the con- 
temporary advances in bacteriology, injected pus into the veins of ani- 
mals, with resulting pyemia and erosions of the gastric mucosa. Cohn 
(1860) produced similar erosions by the same method. The presence 
of bacteria in the marginal tissues of ulcer was demonstrated first by 
Bdttcher (1874). Greggio and Bolton reviewed the earliest bac- 
teriologic studies as follows: Lettule (1828) produced gastric lesions 
by the intravenous injection of Bacillus pyocyaneus ; so also did Cliainn 
and Ruffer. Wurtz and Leudet used lactic bacillus ; Rosenbach and 

35. Gibelli, D. C.; Contributo critico sperimentale all’esiologie dell’ idcera 
gastrica in rapporto coi traumi, Arch, internal, d. chin 4:127, 1908. 

36. Mueller, Ludwig: Das corrosive Geschwiir im Magen und Dannkanal 
(Ulcus ventriculi perforans chronicum rotundum), und dessen Behandlung, 
Stuttgart, Ferdinand Enke, 1860, p. 274. 

37. Gundermann, W. : Production experimentale d’ulceres gastriques et duo- 
denaux; contribution a I’etude d’une fonction pathologique du foie, J. de chir. 
12:635, 1914. 

38. Bollman, J. L., and Mann, F. C.: Chronic Duodenal Ulcer in Animals 
with Eck Fistulas on Certain Diets, Arch. Path. 4:492 (Sept.) 1927. 



McCANN— PEPTIC ULCER 


607 


Eshker and Widal and Meslayo, the staphylococcus ; Chantmesse and 
Widal, bacillus of dysentery ; Bieulafoy, Benzancon and Griffen, pneu- 
mococcus j Saltineano, a coccobacillus and the bacillus of Pfeiffer , 
Favre, an organism from the blood of a patient with eclampsia, and 
Rodet’ and Zaidmann, Bacillus coli. The results of these studies were 
variable, usually with the production of certain gastric erosions. 

Ingestion of Beteferw.— Subsequent investigators have adopted two 
definite methods ; the introduction of bacteria by ingestion, or by intra- 
venous injection. Sometimes concomitant procedures were adopted to 
enhance the action of the bacteria; for example, the production of an 
artificial anemia. Turck"“ produced both acute and chronic ulcers by 
feeding Bacilhis coli-couiinunis obtained from the feces of a patient with 
ulcer to a series of dogs over a long period of time; negative results 
were observed after the intravenous injection of the same organism. 
Singer mixed excreta with the food and observed varying results, but 
never any lesions comparable to chronic ulcer. Ivy fed cultures of 
virulent streptococci, and at the same time produced lesions at the 
pylorus by pinching the mucosa. In five normal dogs the lacerations 
healed in from five to ten days ; in five cachetic animals indurated ulcers 
occurred in from four to six weeks, and acid was absent in the stomach. 
He believed that with hypo-acidity swallowed bacteria were implanted in 
petechial hemorrhages or erosions, and, as a consequence, inflammation 
and induration of the edges, associated with a defective blood supply, 
delayed the regeneration of the mucous membrane. Although the gen- 
eral condition improved, chronicity persisted in the ulcer, due, he 
believed, to the diminished blood supply, the mechanical irritation by 
coarse foods, the tonic gastric activity and the action of acid pepsin on 
the devitalized tissue in the base of the ulcer. Rosenow could not 
demonstrate the formation of ulcer after the oral administration of 
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streptococcic strains which produced lesions by intravenous injection, 
even after the admixture of sharp particles to the diet. Wilenslry and 
Geist isolated streptococci according to Rosenow’s technic, excised 
a piece of gastric mucosa and injected the organism into the defect at 
the time of operation. The injection was repeated subsequently when 
it tended to lieal. The characteristics of chronic induration failed to 
develop in an}'- ulcer and healing was not retarded. 

Kotzareff and de Morsier,'*^ continuing the work of Askanazy and 
Kotzareff, injected Oidhiin albicans into local defects in the gastric 
mucosa of dogs, pigs, guinea-pigs and rabbits. They began their injec- 
tions twenty-four hours after scraping the mucosa from the lesser curva- 
ture and the pylorus, and continued them daily for twenty days. The 
animals died with acute gastritis, or with perforated or chronic per- 
forating ulcer, and the organism was recovered from the lesion. 

Injection of Bacteria. — More definite and constant results have fol- 
lowed the injection of organisms into the blood stream. Steinharter 
reported the production of gastric and duodenal ulcers following the 
intravenous injection of a staphylococcus isolated from an acutely 
inflamed appendix; the ulcers varied in size from 1 to 7 mm. and were 
cleanly punched out and circumscribed. Previously, he reported ■*“ the 
production of acute superficial ulcer following the injection of Bacillus 
coli-communis into the vein of an ear of a rabbit ; also after the injection 
of Stapliylococcus pyogenes into the wall of the stomach with the simul- 
taneous administration of weak acetic acid by mouth. Hoffman *' 
claimed that he isolated a comma-shaped bacillus from the gastric con- 
tents in a case of ulcer which, on intraperitoneal injection into a guinea- 
pig, produced lesions of the stomach and duodenum with duodenitis. 
The organism was recovered and cultivated, and the lesion was repro- 
duced on second animal passage, thus conforming to Koch's laws. 
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Hoffman believed it to be a specific organism with selective affinity for 
the stomach and duodenum. ICoba 3 'ashi "** tied the cecum of a dog so 
that the peritoneum would become inflamed, and thus pioduced ulcers. 

vagotomy or trauma with the injection of bacteria, 

^yirh varying results. Having observed that the injection of diph- 
toxin had produced erosions in the stomach, Rosenati and 
Anderson injected washed diphtheria bacilli into guinea-pigs, with 
resulting congestion, hemorrhage or ulceration near the pjdoius. 
Hardt®^ was able to produce lesions following the injection of Bacillus 
call in only four of eighteen cases (22 per cent), but following the 
injection of streptococci the ulcer incidence was 57 per cent; seven of 
these occurred in eight dogs with a Pavlov pouch, many in the pouch 
itself. This he claimed eliminated the mechanical and acid factors in 
the production of ulcer. 

Specific Streptococci . — Recent studies have been directed toward 
determining the relationship of streptococci to the formation of ulcer. 
Ivy injected streptococci into branches of the gastro-epiploic vessels, 
causing dense fibrinous and fibrous perigastritis, but not ulceration. He 
concluded that a markedly virulent or specific bacterium is necessary to 
produce gastric ulceration. Celler and Thalhimer recovered a hemolytic 
streptococcus from gastric ulcers, which, when injected intravenously 
into rabbits, caused gastric lesions in 13.3 per cent ; when this substance 
was injected into a branch of the gastric artery, lesions were observed 
in 75 per cent of the cases. Saccharomyces and a gram-negative bacillus 
were also isolated with the streptococcus. From seventeen cases of 
chronic gastritis or duodenal ulcer, Haden and Bohan isolated a strep- 
tococcus which on injection showed gastric and duodenal lesions in 53 
l)er cent of forty-five rabbits. As controls, streptococci from patients 
not having ulcers were injected into 535 rabbits, and gastric and duo- 
denal lesions resulted in onlj^ 7 per cent. 

The outstanding contribution on the relationship of streptococci to 
the formation of ulcer has been Rosenow’s work relating to the elec- 

48. Kobayashi, quoted by Greggio; Arch, de med. exper. et d’anat. path. 27: 
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tive localization of streptococci. He postulated that to prove the rela- 
tionship of .a specific strain of streptococcus to. ulcer, it is necessary to 
demonstrate the organism in the ulcer, and to prove by injection that it 
can reproduce the lesion. He reported histologic studies of a series of 
ulcers and of their regional lymph nodes, in which streptococci were 
demonstrated, always most numerous where there was leukocytic infil- 
tration of the subperitoneum. Using dextrose-brain broth, which sup- 
plied a gradient of oxy'gen tension, he cultivated the organisms isolated 
from ulcers, and from foci of infection in patients with ulcer. His 
theoiy is that by sojourn in the body in a focus, these streptococci 
acquire a specificity by virtue of which they are capable of elective 
localization in special tissues. To prove this he injected these specific 
strains of streiotococci into rabbits. Hemorrhagic erosions and ulcera- 
tions resulted in 61 per cent of rabbits injected with ulcer strains, and 
in 28 per cent of those injected with strains from foci of the patients 
with ulcer. The incidence of ulcer was materially reduced by pre- 
liminary treatment with vaccine. Careful studies of joints, heart, nerves 
and other organs showed associated lesions in very low percentages. For 
a control study he injected nonspecific strains of streptococci into rab- 
bits; gastric hemorrhage resulted in only' 20 per cent of cases, and 
ulcer in only 9 per cent. The specific organisms lodge primarily in the 
interstitial tissue of the glands; hemorrhage, necrosis and ulceration 
follow. 

Rosenow stated that the lesions resemble ulcers of patients, in situa- 
tion and in gross and microscopic appearance, tending to become chronic 
and to perforate and cause fatal hemorrhage. The virulence of the 
specific strains is low, as death does not follow intraperitoneal injection 
into mice; nonspecific strains cause a mortality rate of 91 per cent. 
After cultivation on artificial mediums or after animal passage, the 
capacity for elective localization is retained only in 30 per cent of cases, 
and the organisms tend to shift, for example, from the stomach to the 
appendix or the gallbladder. Rosenow considers these organisms specific 
because of their apparent constant occurrence in the depths of ulcers of 
patients, to the exclusion of other organisms, and because they tend to 
localize in the stomach ’and duodenum of animals into which injections 
have been made, a property which is not exhibited by other organisms. 

Haden,®* Nickel and Hufford and Nakamura °° have done con- 
siderable work corroborating Rosenow’s results. Using the technic 
described, Haden studied twelve cases of peptic ulcer from the stand- 

54. Haden, R. L. : The Elective Localization of Bacteria in Peptic Ulcer, Arch. 
Int. I\Ied. 35:457 (April) 1925. 
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Ulcer of the Stomach and in Arthritis, Ann. Surg. 79:29, 1924. 
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point of dental infection. With cultures of streptococci obtained from 
diseased teeth extracted from patients with ulcer, he produced lesions 
of the stomach and duodenum in 53 per cent of forty-five rabbits which 
had received intravenous injections. Nakamura, in studying the 
dependence of symptoms of ulcer on foci of infection, noted that in nine 
patients the symptoms (including hemorrhage) were relieved by removal 
of the foci. In 70 per cent of sixty-six rabbits that received injections 
of the organisms from these foci, hemorrhagic erosions or ulcers were 
found near the pylorus ; a low percentage of lesions was found in other 
organs. He emphasized the importance of foci of infection rather than 
of suture material in causing recurrence of ulcer at the line of anasto- 
mosis. Nickel and Hufford found a definite infective focus in all but 
one of eighty cases of duodenal ulcer; from these they isolated green- 
producing streptococci which produced lesions in the stomach and duo- 
denum of rabbits when injected intravenously. Moody'*’ studied the 
pathogenicity of Streptococcus viridaiis recovered from chronic alveolar 
abscesses in persons with rheumatism, in those with various different 
systemic disorders and in those perfectly well otherwise. In all the 
groups the percentage of localization in the stomach was high. He con- 
cluded that the lesions produced by organisms from persons without 
systemic disease are identical with those produced by organisms from 
persons with systemic disease. He admitted, however, the possibility of 
well persons later developing systemic disease from such foci. He 
stated, “There is evidence for and against the property of elective 
affinity of streptococci, but it cannot be determined wholl}' by some 
property inherent in the organism itself.” Meisser produced chronic 
foci in dogs by devitalizing four cuspids and injecting specific strepto- 
cocci into the canals. He found hemorrhages or ulcerations or both in 
the stomach and duodenum of 65 per cent of the series of dogs. 

Mention should be made here of the theory of inflammatory ulcer, 
based on the histologic studies of stomachs that have been resected for 
ulcer. These studies, although not experimental, have been carried out 
chiefly by Konjetzny,- Moszkowicz,“® Orator,'"’ Lehmann and Puhl.®- 
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Because of the investigation of thousands of resected stomachs, these 
authors believe that in most cases of gastric or duodenal ulcer there 
exists gastritis or duodenitis. Puhl reported a series of cases in which 
the specimens were fixed immediately after removal. Abundant leuko- 
cytic infiltration, congestion and edema of the antrum, with ulcerations 
so numerous as to be called ulcerous gastritis, were found on histologic 
study. This inflammatory gastritis and duodenitis, with the accompany- 
ing superficial erosions, establish, according to this investigator, the 
necessary initial lesion for the subsequent development of chronic gas- 
tric ulcer. He observed gram-positive diplococci in the tissues, but since 
he was unable to culture them, he did not draw conclusions as to their 
significance. 

TOXIC JIANIFESTATIONS 

The idea that a local injuiy to the gastric mucosa acts as the initial 
cause of ulceration has led to an extensive study of the effects of drugs 
and physical agents in causing ulceration of the mucosa of the stomach. 
These have been administered both S3'stematically and locally. Bolton “ 
reviewed the work of early investigators who sought to produce lesions 
by the systemic action of drugs. Overbad! rubbed gray ointment into 
the skin for a period of three months; von Mering injected glycocholate 
of mercury into cats and dogs ; Billet and Cathetineau used perchloride 
of mercuiy; Filhene used arsenious acid. Greggio’s review added the 
work of Virchow and Ebstein, who used phosphorus poisoning; 
Brouai'del and Bdhm, who injected arsenious acid subcutaneously; 
Majer, d’Auitolo and Coen, who caused progressive poisoning of rabbits 
and dogs with lead acetate ; Sarkowsky and Heilborn, who injected 
corrosive sublimate subcutaneously into rabbits ; Ebstein and Peron, who 
used alcohol; Aufrecht, who used cantharides, and Roy and Poncet, who 
used ergot and digitalis. 

Rehfuss studied the effect of the subcutaneous 'injection of poli- 
carpine. Injections into guinea-pigs caused ulcer and hemorrhagic 
erosions in 85 per cent of cases ; the effect of the drug was aggravated by 
the simultaneous administration of atropine. Haden has shown that 
industrial poisoning, as b}' benzene (CeHe), may cause lesions in the 
duodenum. Friedman,®^ by repeated injections of epinephrine for a 
period of from one to two weeks, produced duodenal ulceration. He also 
noted that after injections of pilocarpine the preponderance of lesions 
was in the gastric mucosa. Elliott caused acute gastric ulcers by 
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injecting tetrahydro-B-naphthylamine hydrochloride subcutaneously into 
a guinea-pig. The lesions iormed within one or two hours if the stom- 
ach was kept filled with food; they were healed and covered with 
epithelium in three days, the glands regenerating later. Westphal,^ as 
has been noted, administered to rabbits large cutaneous doses of pilo- 
carpine, either alone or combined with physostigmine, with resulting 
ulcers and erosions. He believed that these lesions resulted from 
vascular spasm due to extreme vagal irritation. In 1917, Murata 
repeated these studies with the same results, but he ascribed the local 
ischemia to obstruction of the suppljdng artery by a spasmodic contrac- 
tion of the gastric musculature. In the same year, Hayashi produced 
ulcerous changes following the subcutaneous injection of nicotine into 
guinea-pigs. Later, Hayashi caused similar lesions in rats with mus- 
carine; he attributed the result to the elective action of this poison on 
the stomach by peripheral vagal irritation. The use of morphine, 
physostigmine, epinephrine and atropine has been mentioned. 

Submucous Injection . — The effect of toxic agents when injected 
directly into the gastric wall has been thoroughly investigated. Greggio 
in his review stated that Borszeky and Baron produced ulcers by inject- 
ing formaldehyde into the gastric mucosa; Rosenbach and Eschker used 
epinephrine; Serzuki, Payr and Vigliani injected alcohol and chloral; 
Serzuki used epinephrine, silver nitrate and formaldehyde ; Licini,®® after 
injecting apomorphine into the musculature of the stomach, noted hyper- 
motility which changed acute to chronic lesions. Greggio himself pro- 
duced gastritis with injections of alcohol, but could not induce ulcer to 
form. Turck sought to produce ulcerous changes by feeding mustard 
over a period of fourteen months, but with negative results. Ivy pro- 
duced lesions by injecting 1 cc. of 5 per cent silver nitrate into the 
submucosa. Friedman and Hamburger used the same procedure asso- 
ciated with partial pyloric stenosis; hyperacidity resulted, ulcers near 
the pylorus became chronic, and those in the cardia tended to heal. 
Acute ulcers, which Dragstedt and Vaughan observed after injecting 
silver nitrate, persisted for from three to four months and tended to 
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become chronic when loops of nonabsorbable suture material were 
embedded in the gastric walls at the points of injury. Similar ulcers 
were observed by Hughson to remain active twice as long when asso- 
ciated with delayed emptying of the stomach. 

Biologic Toxins . — Of greater interest are those biologic products 
which exert a toxic action on the gastric mucosa. Ponfick’^ observed 
clinical lesions of the stomach and duodenum, follorving superficial 
burns, in as short a time as eighteen hours, with associated congestion 
of the mucous membrane and enlarged lymphoid follicles. Silbermann,®* 
Vassale and Sacchi and Parrascandola caused ulcers in animals follow- 
ing large cutaneous burns, or by injecting the extracts of burned tissues. 
Greggio quoted Stoknis, Ixtng, Sokoloff and Castel as having caused 
lesions by glazing the surface of the skin. 

Bolton produced what he called a gastrotoxic serum (and an 
analogous hepatotoxin and enterotoxin) by injecting a suspension of 
gastric mucosa from a guinea-pig into the peritoneal cavity of a rabbit. 
After antibodies to this foreign protein had developed sufficient to estab- 
lish the rabbit’s immunity to it, an injection of this immune senim into 
the peritoneal cavity of a guinea-pig caused death, associated with lesions 
of the stomach. Injection of this toxin directly into the gastric mucosa 
also caused ulceration. Bolton found that although ordinarily hydro- 
chloric acid does not exercise any effect on the gastric mucous membrane 
in concentrations below 0.7 per cent, yet any concentration from 0.25 to 
0.7 per cent caused an increase in the size of the lesion produced by 
injecting gastrotoxic serum, and 0.5 per cent acetic acid (usually innoc- 
uous below 2 per cent) increased a lesion produced by the injection of 
gastrotoxin, Miyagaw^a, Murai and Terada,^^ adopting the same method, 
produced an homologous toxic serum. They immunized one rabbit to 
the gastric mucosa of another rabbit, and injected the serum of this 
immune rabbit locally into the gastric mucosa of a third rabbit. The 
interpretation of the production of these ulcers was that the reabsorp- 
tion of toxic substances from the necrosed tissue of an ulcer leads to the 
production in the organism of a cytotoxin whicli prolongs ulcer and 
leads to chronicity. Hepatotoxin and enterotoxin, produced similarly 
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from hepatic and intestinal tissues, were not so certain in their action as 
gastrotoxin, nor were they specific for a single species. 

Latzel ■= sterilized the gastric juice of a guinea-pig, and by subcu- 
taneous injections into other animals caused anaphylaxis and ulceration 
of the stomach. Jona caused similar changes and inhibited pancreatic 
secretion by subcutaneous doses of extracts of decomposing animal tis- 
sues. Greggio, quoting the older workers who used biologic toxins, said 
that Loepez’ caused ulcerous changes by injecting a watery maceration 
of the mucosa or gastric juice of swine ; Gundermann caused it with 
extract of liver ; Stick, with ptomaines, and Favre, with the blood of a 
uremic person. In corroboration of the work of Enriquez and Hallion 
(quoted by Bolton), Rosenau and Anderson found that diphtheria 
toxin, when injected into guinea-pigs, caused hemorrhage and necrotic 
patches in the gastric mucosa. They found lesions in 66 per cent of 
guinea-pigs used in the production of antitoxin. If, however, the toxin 
was neutralized by antitoxin, a lesion did not appear. Necropsy revealed 
congestion, hemorrhage or ulceration at the pyloric extremity, associated 
with congested suprarenal glands and pleural effusion. Such results 
were not obtained with tetanus toxin or chemical poisons. 

As an extension of his work on the elective localization of strepto- 
cocci, Rosenow showed that the dead bacteria, or a filtrate of the living 
culture, possessed the same local affinity as the living organism, causing 
lesions in the stomach and duodenum. Ivy and Shapiro ’’ injected 
foreign protein (albumin of egg, beef and cat protein) into the skin of a 
rabbit until a superficial ulcer formed from local anaphylaxis ; this 
specific protein when later injected into the gastric mucosa caused ulcer 
to form. 

Miscellaneous Methods. — Decker'® produced erosions and ulcers by 
feeding dogs with gruel heated to 50 C. He attributed this not to the 
scalding but to the congestion of the mucous membrane and the hemor- 
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rhagic erosions from increased peristalsis. Katzenstein introduced 
small, hot, porcelain tubes into the stomach to burn the mucosa ; this was 
followed by injection of phosphoric acid to destroy antipepsin and allow 
digestion. Ribbert froze an area, 2 cm. in diameter, of the wall of 
the stomach with ethyl chloride and metheth}'! for twelve minutes. The 
following day a defect appeared in the gastric mucosa, which developed 
subsequently into an ulcer. Wolfer®* opened the anterior wall of the 
stomach, delivered the posterior wall and sutured a lead plate with a 
small opening to the mucosa. Through this small opening he exposed 
the mucosa to the roentgen rays and produced a round or oval ulcer with 
indurated raised margins. One of these ulcers persisted for 585 days. 
In a later study he noted that if such ulcers were produced close to the 
pylorus there was a definite delay in the emptying time of the stomach, 
but if farther away than 5 cm. there was no delay. 

Rassers ®' eliminated all chlorides from the diet of a series of dogs, 
and administered twelve, eighteen, twenty and twenty-four doses of 
strong acid pepsin solution over a period of from one to three days. He 
observed hemorrhagic erosions and small ulcerations in the pyloric 
antrum and duodenum, which he attributed to the failure of the cells to 
produce a protective hydroxide against the acid pepsin which was admin- 
istered. 

Kirch and Stahnke,®® observing that in chronic ulcers the muscularis 
propia is always absent, produced mucosal defects in the stomachs of a 
series of dogs, and cut away' the underlying muscle. From their results 
they concluded that destruction of the muscle delays healing and is an 
important factor in the chronicity of lesions, although it does not prevent 
healing. Morton,®® however, noted that healing took place with almost 
as great ease and rapidity when the muscularis was excised as when the 
mucosa alone was excised. 

Baggio folded in the anterior wall of the stomach and observed 
lesions ranging from simple erosions to typical advanced gastric ulcers 
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on both the introflexion and the posterior wall opposite the introflexion. 
He attributed these lesions to the traumatic afction of the ingesta and the 
obstruction caused by the introflexion. Slocumb noted inflammatory 
changes and multiple ulcers in the duodenum of dogs in which he estab- *■ 
lished partial obstruction of the duodenum by surgical measures. 

Ivy noted five ulcers in forty dogs subjected to pylorectomy and 
gastroduodenostomy. Borszeky narrowed the pylorus and performed 
gastro-enterostomy on twelve dogs ; he fed them 30 cc. of dihrte hydro- 
chloric acid daily. Jejunal ulcers formed only in one of twelve dogs. 
Dot! and Lim®^ claimed that they observed jejunal ulcers in 90 per cent 
of the dogs on which they performed pyloric exclusion and gastro- 
jejunostomy. Montgomery®® found chronic jejunal ulcers in four of 
sixty dogs on which gastro-enterostomy had been performed. Exalto 
performed gastro-enterostomy after excluding the pylorus ; he then 
drained the duodenal alkalis of the proximal loop into the cecum. He 
observed jejunal ulcer, often multiple, in six of ten dogs operated on 
in this manner. 

TROPHIC AND GLANDULAR ULCERS 

A different conception of ulcer formation has directed the great 
volume of work accomplished by the Italian school. They interpret the 
lesion as of a neurotrophic order, dependent on a defect in the nerve 
supply to the stomach. Their researches have dealt chiefly with the 
influence of the vagi, although they have also investigated the central 
nervous system and splanchnic nerves. 

Central Nervous System . — Ebstein and Brown-Sequard,®’- in the 
earliest studies on the central nervous system, obtained partial softening, 
erosion and formation of ulcer in the stomach following circumscribed 
destruction of the anterior corpora quadrigemina, and after burns of the 

85. Slocumb, L. H. : Experimental Gastroduodenal Ulcer Produced by Partial 
Obstruction of Duodenum, J. Missouri M. A. 24:351, 1927. 

86. Borszeky, Karl: Die chirurgische Behandlung des peptischen Magen und 
Duodenalgcschwilrs und seiner Komplikationen und die damit erreichten Endre- 
sultatc, Beitr. z. klin. Chir. 57:56, 1908. 

87. Dott, N. M., and Lim, R. K. S.: Experimental Jejunal Ulcer, Quart. J. 
Exper. Physiol,, Suppl., 1923, p. 109. 

88. Montgomery, A. H. ; Gastrojejunal Ulcer: An Experimental Study, Arch. 
Surg. 6:136 (Jan.) 1923. 

89. Exalto, J.: Ulcus jejuni nach Gastroenterostomie, iMitt. a, d. Grenzgeb. d 
iMcd. u, Chir. 23:13, 1911. 

90. Ebstein, Wilhelm; Experimentelle Untersuchungen iiber das Zustande- 
•ommen von Blufextravasaten in der Magenschlcimhaut, Arch. f. e.xper. Path u 
Pharmakol. 2:183, 1874. 

^^''’'’'Sequard, quoted by Greggio: Arch, de med. exper. et d’anat. path. 

1916-1917. Quoted by Zironi: Arch. f. klin. Chir. 91:662, 1910. 



618 


ARCHIVES OF SURGERY 


cerebral surfaces. Schiff observed hemorrhagic infiltrations and 
ulcerations following intersection of the thalamus and cerebral peduncles. 
Greggio noted mucosal and submucous hemorrhages near the pylorus, 
associated with diffuse gastritis, in half of fifty cases subjected to 
unilateral and median compression of the cervical cord. He and Bolton 
cited the production of ulcer by Albertoni, who cut off the cerebral 
hemisphere ; Ewald and Koch, who severed the cervical cord and admin- 
istered 0.5 per cent hj^drochloric acid dail}'; Schupfer, following bilateral 
lesions of the anterior and posterior roots of the fifth and eighth dorsal 
segments; and Quincke and Dattwyler,®“ who associated lesions of the 
cord with anemia. 

Splanchnic Nerves. — While Durante®'* was studying the relationship 
of the splanchnic or S 3 'm 2 )athetic nerves to ulcerous changes, he repeated 
the work of dalla Vedova.®® He resected the splanchnic nerves by a 
lumbar approach, and found that section of the median splanchnic nerve 
produced circumscribed hemorrhagic or nonhemorrhagic necrosis of the 
gastric mucosa. The hemorrhagic areas began in the blood vessels of 
the muscularis mucosae, destroying only" the mucosa, and there was 
evidence of slow regeneration. The nonhemorrhagic type involved the 
mucosa and submucosa, but did not show signs of regeneration. He 
considered that the latter ty'pe might have resulted from arterial spasm 
due to the action of ef)inephrine, because he observed simultaneous 
intense congestion with signs of hemorrhage in the suprarenal gland 
on the side of resection. Section of the minor splanchnic nerve caused 
only occasional lesions, and of the major splanchnic nerve only transient 
congestion. Since both acute and chronic ulcers occurred, he did not 
consider that time was an important factor in their formation. Koen- 
necke °® observed that excision of the pylorus followed by a Billroth I 
or a Billroth H operation caused jejunal ulcer in one of five dogs, but 
bilateral division of the splanchnic nerves following the same procedure 
caused typical callous deeply penetrating ulcers in all dogs. He attributed 
this result to removal of an inhibition to secretion. 
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Celiac P/c.vh^.— Gundelfinger,®’ after extirpation of the celiac 
ganglion (by which the action of the sympathetic was removed from 
the stomach and duodenum, leaving only vagal influence), succeeded in 
producing gastric lesions. Latzel ■'* reported negative results after 
extirpation of the celiac plexus. Greggio, in his comprehensive review, 
reported ulceration of the gastric mucosa and hyperemia in the liver 
following extirpation of the celiac plexus by Pincus and Samuel, Lowin, 
Boer and Popielski ; others have failed to produce tlrem by this procedure 
in dogs and rabbits, for example, Adrian, Budge, Lustig, Lamansky and 
Peiper. Lesions of the plexus were found to produce ulcers and mucous 
hemorrhages by dalla Vedova,°“ Kawamura,”® and Lilia and Gibelli.^® On 
the other hand, Donati,®® Kobayashi,^® Lorenzi and Schmincke 
observed negative results or only small hemorrhages by irritation of the 
plexus. Brancati found that ablation of the paravertebral lumbar 
sympathetic in a dog caused capillary dilatation, necrosis of the mucosa 
and ulcers at the pyloric region of the stomach and in the adjacent part 
of the duodenum. 

The Vagi . — There has been a much more extensive investigation of 
the relationship of vagal influence to gastroduodenal lesions. Resection 
of both vagi in the neck of rabbits was found by Lorenzi to prodv^ce 
hemorrhage in the gastric mucosa fairly frequently. Saitta,'*® after 
bilateral vagotomy, observed multiple ulcers when he administered 3 per 
cent hydrochloric acid by mouth. Finzi noted that extirpation of one 
vagus yielded inconstant results, but that bilateral vagotomy produced, 
with greater regularity, circulatory disturbances, edema, ecchymosis, 
necrotic processes and atrophic ulceration. Keppich reported the 
formation of ulcer in five cases following resection of the vagus. 
According to Greggio, negative results following vagotomy in the neck 
of a rabbit are reported by Donati, Kobayashi, Korte and Martini ; how- 
ever, Midulla found that sectioning the vagus in the neck of frogs and 
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toads caused gastric dilatation, spasm of the pjdorus, hypersecretion of 
the gastric juice, and ulcers which showed a tendency to become chronic 
and perforate. 

The thoracic approach to the vagus has been utilized by others. 
Zironi,^“ after cutting the vagi around the esophagus of rabbits, 
observed ulceration in fifty-nine of 100 experiments. Antonini'“ 
observed ulcers in only seven of 100 animals after the same procedure; 
the day following operation there was gastric dilatation and congestion, 
with the development of lesions possessing the same gross and micro- 
scopic appearances as peptic ulcer in man. Cicatrization was not 
observed. In lesions observed after twenty, twenty-five and fifty days, 
there was no evidence of healing. Greggio frequently produced hemor- 
rhagic infiltration of the mucosa after bilateral vagotom}^ but in only 
one case did he find a chronic ulcer. This ulcer was 2 cm. in diameter 
and was situated on the greater curvature. He quoted negative results 
following this procedure by Krehl, Putsch, Kawamura, Rubaschoff, 
Muziolli and Fiori, and inconstant results by Samuelson and Contejan. 

Thorough studies have been carried out following resection of the 
vagi in the abdomen. Zironi claimed to have produced gastric ulcer in 
sixty-four of 100 rabbits following subdiaphragmatic vagotomy. Lorenzi 
duplicated these observations. Van Yzeren cut both vagi subdiaphrag- 
matically in twenty rabbits; in ten of them he found chronic single 
ulcers, usually near the pylorus; the earliest was observed in five days 
and the oldest in 289 days. Ophuls, repeating these studies with 
the same results, concluded that the lesions were neurotrophic, and that 
trophic influences are necessary to preserve the normal resistance of the 
mucous membrane to the digestive action of the gastric juice. Latzel 
noted hemorrhagic erosions and ulcerations in ten dogs following sub- 
diaphragmatic vagotomy. Zironi, after similar resection in guinea-pigs, 
found lesions varying from 0.3 to 1 cm. in diameter in 63 per cent of his 
studies. Donati reported negative results after a thorough study by 
this method. Greggio quoted Gunsburg and Lundi and Koba3’’ashi and 
Marchetti as having caused diffuse changes in the mucosa or actual 
ulcers by this procedure; Saitta, Gibelli, Finachiaro, Lilia and Vigliani 
reported negative results. 

Stimulation of the vagus has given contradictor}' results. Stahnke, 
in studying the effect of long continued vagal stimulation on gastric 
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motility and secretion, faradized the vagi for forty, minutes. At 
necropsy gastritis of the mucosa was found in some dogs, and super- 
ficial defects in the mucosa were found in others. He considered the 
ulceration to be a result of increased secretion and chronic gastritis. 
Keppich,^®- by stimulating the vagi of rabbits with electrodes, produced 
chronic gastric ulcer in ten of eleven sundving animals. Westphal 
believed that extreme vagal irritation explained the ulcers following the 
injection of pilocarpine. Hayashi interpreted similarly the lesions pro- 
duced by muscarine. Gundelfinger was unable to produce ulcers by 
vagal irritation. Greggio cited Talma and Lichenbeld as having pro- 
duced lesions by excitation of the vagus; Lorenzi and dalla Vedova, 
after burns and alcoholic injections into the vagus, caused hemorrhage 
and ulceration of the stomach. Negative results were reported by Korte 
and Donati. 

The combination of these various procedures has given rather incon- 
stant results. Donati recorded negative results after abdominal section 
of the vagi and extirpation of the celiac plexus. According to Greggio, 
Samuelson noted negative results following the same procedure, with the 
administration of hydrochloric acid in addition; on the contrary, Lilia 
found that this surgical procedure alone yielded small punctate hemor- 
rhages of the mucosa. Induced anemia seems to augment these neuro- 
trophic lesions. Zironi increased the incidence of ulcer following 
thoracic and subdiaphragmatic resection of the vagi from 59 to 80 per 
cent by inducing artificial anemia; he also claimed to obsen'e an acute 
ulcer assume chronicity coincident with induced anemia. Greggio caused 
lesions by vagotom}' and the simultaneous adiuinistration of alcohol. 
Vagotomy associated with ligatioir of the pyloric artery and excision of 
the mucosa at a corresponding area produced complete healing and 
cicatrization in three months. Abdominal vagotomy' with partial py'loric 
stenosis gave negative results. By' injection of neurine which acts by' 
parah’zing the motor, sensory' and secretory terminal fibers to the stom- 
ach, Bedarida^®® produced trophic idcers in the stomach of rabbits. 
Finally, Auer induced ulcerous changes by' removing all the nerve 
supply of the stomach, which resulted in paralysis, diminished move- 
ments and suppressed reflexes. Histologic studies of the terminal nerve 
endings in ulcers have been made by Perman, Nikolaysen and Askanazy', 
as reviewed by' Okkels.'®® The latter found internal inflammatory' 
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changes of the perineural sheath of nerve branches in the myogastric 
plexus, nerves embedded in connective tissue and proliferative central 
cicatrix neuromas. He considered these changes as secondary and non- 
specific, but believed that they may contribute to the chronicity of ulcers. 

The theoretic interpretation of these results is of interest. Greggio 
concluded that vagotomy alters gastric motility, delays emptying of the 
chyme into the intestine, causing dilatation of the stomach and possibly 
interference with the mechanism of the pylorus. Von Bergmann^'” 
believed that hy'pertonicit}’’ of the vagus produces gastric spasm which 
* puckers tire gastric mucosa, strangles it and produces local ischemia and 
necrosis ; this area is digested by' the gastric juice and is eroded at its 
edges, and ulcer develops. Durante conceived of central psychic 

stimuli changing the normal vasomotor tonus which might result in 
rupture of small arterial walls in the stomach, or toxic stimuli which 
might irritate the peripheral sympathetic system (the trophic nerve con- 
trolling the vasomotor nerves of the stomach) and lead to the formation 
of ulcer. 

Glandular Influence . — The effect of glandular activity' on the forma- 
tion of ulcer may be viewed as associated with some type of nervous 
mechanism. Durante, it will be recalled, noted that ulcers following 
median splanchnic resections were associated with lesions of the supra- 
renal glands, and concluded that the effect might have been produced by 
suprarenal activity. 

The studies of numerous investigators have indicated a possible rela- 
tionship between the glands of internal secretion and the ulcerative 
lesions of the stomach. There are reported in the literature five cases 
of ulcer of the duodenum and stomach in man associated with thickening 
of the suprarenal capsule, hypertrophy, fatty degeneration, congestion 
and multiple hemorrhages into the glands. Latzel reported the occur- 
rence of ulcers in three animals following destruction of the suprarenal 
capsule. Greggio quoted Gibelli, Onde and Cioffi as having produced 
ulcer by' induced suprarenal insufficiency. Mann observed acute 
ulcerations in 90 per cent of animals following the removal of both 
glands, but none associated with simple removal of the capsules. 
Hemorrhagic areas were found in the stomach in one animal which died 
in twenty-four hours ; definite ulcers ■were found in another in twenty'- 
two hours. If the ulcers were situated in the fundus (the py'lorus being 
normal) usually the mucosa alone was involved; if they were in the 
prepy'loric division they penetrated the muscularis mucosae. The duo- 
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denum was generally injected. The suggested dependence of these 
lesions on bile and trypsin was ruled out by their continued appearance 
after the establishment of a biliary and a pancreatic fistula. The acid 
appeared to be a factor as ulcers did not develop when sodium bicar- 
bonate was fed to dogs on whom suprarenalectomy had been performed. 
Elliott noted acute gastric ulcers following the removal of suprarenal 
glands in cats, and cited it as proof of the full digestive power of the 
gastric juice. Finzi observed edema, congestion, hemorrhage, 
necrosis and ulceration with an effort to heal following suprarenal sup- 
pression. Friedman found lesions in the pyloric portion of the 
stomach to be most frequentl}' associated with removal of the left supra- 
renal gland, and in the rest of the stomach associated with removal of 
the right suprarenal gland. 

Friedman, while studying the interrelationship with other glands, 
also noted that removal of one suprarenal gland and one thyroid gland 
did not have any effect on the integrity of the gastric mucosa, but that 
intravenous thyroid medication associated with this procedure caused 
small ulcerations. Finzi also observed that the simultaneous removal 
of one thyroid gland and one suprarenal gland failed to cause ulcerous 
changes ; he assumed that suprarenal insufficiency can manifest its action 
on the stomach only with an intact thyroid gland, and that the correlation 
of internal secretions may have a bearing on the formation of ulcer. 
Hardt studied the relationship of the feeding of thyroid gland to 
acidity and found that with increasing thyroid administration there was 
a decrease in acidity and gastric secretion, while with its interruption there 
^vas a return to the normal status. Hayashi, by imitating the so-called 
mixed stigmatized constitution with the administration of thyroid gland, 
was able to produce spasmogenic ulcerous changes. Greggio reported 
ulcers following thyroidectomy as having been produced by Boccardi, 
Grofreddi, Falcone and d'Amore. He reported ulcers following exclu- 
sion of the liver by Mueller, Kollicher, Bidder and Schmidt, Beati and 
others. They have been observed by Bollman and Mann following 
insufficienc}' of hepatic function induced by partial hepatectomy. 

DIGESTIVE JUICES 

Thus far, four principal fields of experimentation, vascular, bacterial, 
to.xic and neurologic, have been reviewed. In evaluating the results 
obtained, one is justified in concluding that the occurrence of ulcer has 
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been variable. One investigator has observed results contradictory to 
those of another; true chronic indurated ulcers have been reported 
rarely. These studies, however, hai'e answered a part of the problem; 
they have indicated a variety of means by which an initial acute lesion 
may be established. Probably only a few investigations (with the excep- 
tion of Rosenow’s work on the elective localization of bacteria) can be 
interpreted as of direct clinical significance. On the basis of these 
studies one is still confronted with the problem so aptly stated by Cohn- 
heim in 1880 : “The real difficulty in understanding simple ulcer of the 
stomach is not so much its mode of origin, as the circumstance that it 
usually so obstinately refuses to heal.” He continued, referring to ulcers 
of embolic origin : “There must be in addition an unknown something 
which prevents the healing of ulcer. But whether, as has more than once 
been suggested, this something consists in an abnormal acidity of the 
gastric juice, we have as yet no positir’e investigntion to show.” Mann 
and his co-workers have probably supplied this desideratum. By 
“positive investigations” considerable evidence now indicates that the 
“unknown something” consists in the action of mechanical factors and 
the disturbance of the factors of acid and alkali at the pylorus. The 
mechanical factors and disturbance of the optimal chemical conditions 
for each side of the pylorus, which result from the surgical procedures 
employed in these studies, are probably the sole etiologic factors in caus- 
ing the experimental ulcers, and possibly form the basis for the chronicity 
of clinical ulcers, determining their inability to heal. 

Chemical Methods . — The importance of the digestive juices in rela- 
tion to ulcer has long been suspected, and many investigations have been 
directed toward evaluating their influence. Saitta administered 3 per 
cent hydrochloric acid by mouth following vagotomy and found multiple 
ulcers, whereas without the giving of acid he observed only hemor- 
rhagic erosions. Friedman found that ulcers in the pyloric region, 
caused b)' the submucous injection of silver nitrate, became chronic when 
associated with hyperacidity produced by pyloric stenosis. Litthauer 
produced ulcer by administering 200 Gm. of hydrochloric acid to a dog, 
after ligation of gastric vessels and excision of a corresponding piece of 
mucosa. He also produced ulcers by feeding acid after having caused 
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anemia by injection of pyrogallic acid. Gibelli "" failed to produce ulcers 
by simply administering acid by mouth. Bolton/^'* as was noted under 
toxic manifestations, found that hydrochloric acid did not have any effect 
on the gastric mucosa under a concentration of 0./ per cent, but that 
after a local lesion had been produced by the injection of gastrotoxin, 
concentrations as low as 0.25 per cent caused an increase in the size of 
the lesion. Acetic acid below a concentration of 2 per cent is innocuous, 
yet with the lesion once established by gastrotoxin a 0.5 per cent solution 
increased its size. Hydrochloric acid, the onlj’^ digestive juice capable 
of attacking connective tissue, caused necrosis of granulation tissue in 
the base of the ulcer, and delayed healing of the ulcer. Bolton also 
delayed healing of ulcers in the rabbit by artificial hyperacidity, but he 
discounted the acid factor because he found that ulcers did not heal 
any slower with a high Pavlov pouch and acid stasis than with a low 
pouch and free drainage. Butsch^^“ clamed that acidity has some 
bearing on the formation of ulcer because of a higher occurrence in the 
Roux Y-anastomosis, in which the alkaline neutralizing factor is dimin- 
ished. He also called attention to the fact that ulcer is rarely seen after 
anastomosis for carcinoma of the stomach, associated with diminished, 
or the absence of, acidity. Durante claimed that an excess of acid 
caused irritation and gastritis, epithelial desquamation, enlargement of 
the follicles and ultimately rupture and ulceration. 

Smith studied the relationship of bile to ulceration of the gastric 
mucosa. He applied a mixture of bile and acid to the mucosa of the 
stomach, without effect. An interrupted application, however, first of 
bile alone, then immediately afterward of 0.5 per cent hydrochloric acid, 
caused a greenish-yellow pedicle and a precipitate from the mucus, with 
occasionally an underlying area of necrosed epithelium. The following 
day sujierficial necrosis of two-thirds the depth of the mucosa with 
leukocytic infiltration had occurred. Injection of bile and acid into 
the lumen of the stomach by a stomach tube or through the pylorus, 
during the period of digestion, caused excoriation, hemorrhagic infiltra- 
tion and ulceration. He observed negative results in a stomach during 
.fasting. After tying the esophagus and duodenum, he injected bile into 
the stomach for twenty-four hours ; large quantities of bile alone caused 
hemorrhagic lesions ; small amounts of bile with acid also caused lesions ; 
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bile injected with a 5 per cent solution of sodium bicarbonate did not 
produce lesions except in one instance. He concluded that the presence 
of acid is necessary for the injury of the mucosa by bile. Pie quoted 
Rywosch as having- produced inflammation and gangrene of the stomach 
of rabbits by feeding an excess of bile salt. Oddi and Dastre did not 
get these results following cholecystogastrostomy. Smith concluded that 
it must be conjectured whether in man tlie bile may become a source of 
injury to the epithelium, particularly since it normally regurgitates 
through the pylorus into the stomach. Sellards studied the effects of 
bile salts by injecting sodium glycocholate intraperitoneally. He pro- 
duced large hemorrhagic areas in the stomach and ulceration of the 
mucosa. The subcutaneous injection of bile or bile salts produced 
similar lesions. Small repeated doses tended to localize ulcers near the 
pylorus. Since there were only a few minute lesions in the lungs and 
intestines, Sellards claimed for the bile salts a specific action on the 
gastric mucosa. 

Such methods of studying the influence of the digestive juices are 
limited both in variety of experimental procedures and in the lack of 
control of pliysiologic reactions. Recourse must be had to surgical 
methods in order to determine the nature of the physiologic interrela- 
tionship of the juices. It is true that unphysiologic conditions may be 
established by such surgical measures, but as hepatectomy makes it pos- 
sible to study the function of the liver and pancreatectomy to study the 
function of the pancreas, so the surgical procedures which have resulted 
in the formation of ulcer disturb the normal status (as nature may do 
with greater finesse), and produce effects which make it possible to 
analyze the significance of the juices from the point of view of formation 
of the ulcer. 

Surgical Methods . — Kapsinow excluded the bile from the diges- 
tive tract by implanting the fundus of the gallbladder into the pelvis of 
the right kidney (cholecystonephrostomy). When healing was complete 
he ligated and divided the common duct. The animals lost weight and 
refused food, and tarry stools developed. Necropsy was performed in 
two or more weeks. In seventeen of forty-three animals single or 
multiple ulcers from 2.5 to 5 cm. in diameter, with punched-out over- 
hanging edges were formed. They extended to or perforated the serosa. 
Kapsinow quoted 'i^fliipple as having produced ulcer after ligating the 
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common duct in the presence of a biliar}' fistula, but he criticized the 
work because of the possibility of infection ascending through 
the fistulous tract, Gundermann,^' after simple ligation of the common 
duct, observed the same symptoms of hepatic dysfunction as after partial 
ligation of the portal vein, namely, cerebral, renal and gastroduodenal 
disturbances, the stomach and duodenum showing hemorrhages and 
ulcerations. Smith anastomosed the gallbladder to the stomach with and 
without ligation of the common duct, but results were negative in both 
instances. He reported negative results after the same procedure by 
Oddi and Dastre. Beaver,’®® likewise, did not observe ulcers following 
cholecystogastrostomy and ligation of the common duct. As stated, 
Greggio quoted Mueller, Kollicher, Bidder and Schmidt, Beati and 
others as having noted ulcers after exclusion of the liver. Bollman and 
Mann®® reported that ulcers had perforated following partial hepa- 
tectomy, true Eck fistula and ligation of the common duct, procedures 
which probably influenced the quantity of bile entering the duodenum. 

Little study has been made of the effect of excluding the pancreatic 
juice alone. Jona,’® after tying the pancreatic duct in eleven animals, 
found ulcers of the duodenum, stomach and jejunum which he ascribed 
to lack of neutralization of the acid chyme. Gallagher®® observed 
delayed healing of traumatic ulcers of the duodenum after ligation of 
the pancreatic duct. 

The combined elimination of the bile and pancreatic juice has been 
studied thoroughly. Kehrer’®’ implanted the pancreatic duct into the 
appendix or lower part of the ileum and anastomosed the gallbladder to 
the same site, ligating the common duct. In six animals that died at 
different intervals, he found marked injury to the wall of the stomach. 
Necropsy after thirteen, twenty-five and sixty-four days disclosed super- 
ficial circumscribed necrosis with deeper necrosis in three other dogs on 
which necropsy had been carried out after nine, twenty-five and 100 
days. Macroscopically and microscopically, they were typical ulcers. 
Mann and Williamson ’®® studied the production of ulcer in the duo- 
denum, following transplantation of both the bile and the pancreatic 
ducts into the lower part of the ileum. The ulcers produced were single 
and multiple, indurated, varying from 1 to 3 cm., and were situated in 
the region between the pylorus and the ampulla of Vater. 

Mann was the first to study the formation of ulcer following the 
entire elimination of all the duodenal alkaline juices. The historic devel- 
opment of his ideas show clearly the underlying factors in these studies. 
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While investigating the problem of whether or not the duodenum pro- 
duced a secretion essential to life, he devised a one-stage operation, 
excising the duodenum, anastomosing the jejunum to the transected 
P5dorus and then implanting the pancreatic and bile ducts into the 
anastoihosed jejunum. In two of ten dogs operated on, peptic ulcer 
resulted. Mann and Williamson then transplanted the bile and pan- 
creatic ducts into the ileum, from 30 to 50 cm. from the cecum. Definite 
ulcers developed in ten of thirty-one animals (five ulcers were chronic). 
Removal of the duodenum and anastomosis of the jejunum to the 
P3dorus, with transplantation of the bile and pancreatic ducts into the 
distal part of the ileum, resulted in ulcers in eight of the ten dogs 
operated on. The procedure was then simplified by devising the “duo- 
denal drainage” operation. By this method the duodenum was isolated 
by transection at the p 3 dorus and at the upper part of the jejunum. The 
P3doric end of the duodenum was closed in and the distal end anastomosed 
to the distal part of the ileum; the free end of the jejunum was 
anastomosed to the pylorus. With the duodenal alkaline juices drained 
into the ileum, the acid ch 3 n'ne of the stomach drained into an unpro- 
tected jejunum. Definite ulcers developed in fourteen of si.xteen 
animals. The 3 " rvere usuall 3 ’ situated a few millimeters from the 
gastrojejunal anastomosis. The 3 ^ developed usualty rvithin one or two 
months after operation, were from 4 to 15 mm. in diameter and pene- 
trated to various depths. A gra 3 ' covering first appeared over an area 
on the mucosa where killed, coagulated cells were present. Hemorrhage 
occurred between the adjacent tubules. As the mucosa disappeared, 
leukoc 3 'tic infiltration developed, and the process penetrated the mus- 
cularis mucosae. Perforation occurred in from fort 3 "-eight to sixty 
hours, chronicity was established in three weeks, or the lesion was the 
same at the end of five months as at the end of one month. 

In evaluating the factors involved in this result, Mann conceived of 
the acid chyme as being ejected through the pylorus b 3 ' the gastric con- 
tractions, as if through a nozzle, and impinging forcibl 3 ' against the wall 
of a segment of intestine containing little, if an 3 ', alkali ; the mechanical 
and chemical action of this stream led to necrosis of the epithelium and 
the formation of ulcer. 

The degree of acidity and the amount of acid to which the ulcer- 
bearing area is subjected depends normally on the balance at the pydorus 
between the gastric acid chyme and the alkaline secretions of the duo- 
denum. The combined intestinal, pancreatic and biliar 3 ^ secretions must 
be sufficient to neutralize the acid ch 3 ’me passing the p 3 dorus to fro”^ 
0.12 to 0.14 per cent, as shown by Boldyreff.^^^ Mann showed that if, 

123. Boldyreff, W.; The Self-Regulation of the Acidity of the Gastric Con- 
tents and the Real Acidity of the Gastric Juice, Quart. J. Exper. Physiol. 8. , 
1915. 
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after a duodenal drainage opei-ation, tlie duodenal juices were drained 
back into the jejunum just distal to the gastrojejunal anastomosis, so 
that such neutralization did occur in the ulcer-bearing region, a lesion did 
not develop. Morton similarly showed that secondary anastomosis of 
the dosed duodenum to the jejunum after surgical duodenal drainage, 
so that alkalis drained hack at the site of ulcer, led to the healing of an 
existing ulcer. 

By several experimental methods, Morton further confirmed the 
idea that the chemical and traumatic factors are of major importance 
in establishing chronicity in ulcers and failure to heal. He excised 
pieces of mucosa from the lesser curvature in dogs after the duodenal 
drainage operation, and showed persistence of the defect in from 50 to 
62 per cent of those in the antrum after a period of two weeks. This 
was in contrast with normal controls, in which similar areas with excised 
mucosa healed in two weeks, with complete epithelization. Incidentally, 
after excision of mucosa from the greater curvature of the antrum in 
drainage operations healing was more rapid, showing that whatever the 
factors that prevented healing, they were more active on the lesser cur- 
vature. Finally, Morton transplanted jejunal patches with an intact 
circulation into several different areas in the gastric wall of dogs on 
which duodenal drainage had been performed. In thirteen cases, four 
ulcers developed on the patches. Again suggesting the greater activity 
of the destructive forces on the lesser curvature, three of these ulcers 
developed in patches on the lesser curvature, and only one on a patch 
elsewhere. This is in contrast with Morton’s control studies ( and cor- 
roborating earlier work by de Takats and Mann in which onh' one 
ulcer developed in jejunal patches on the lesser curvature and none on 
patches in other parts of the stomach in a series of normal dogs. The 
observations extended over a period of from thirty-six to 419 days. 

Mann considered the active mechanical factor in the duodenum to be 
the force of the impinging stream ejected through the pylorus. In the 
stomach, !Morton considered the mechanical factors chiefly active in 
localizing the ulcers as the paucity of protecting rugae in the prepyloric 
segment, particularly along the “Magenstrasse"’ with its poor blood 
suppl}, and the convergence of the lines of force along the lesser curva- 
ture, as suggested by Aschoff.’-® 

1-4. Morton, C. B. : Ob.scrvations on Peptic Ulcer: IV. Patch Transplants 
"1 .lejnniim in Stomach, Ann. Surg. 85:879, 1927. 

U5. Dc Takats, Gera, and Mann, F, C. : The Effect on the Jejunal Mucosa 
ransplantation to the Lesser Curvature of the Stomach. .Ann. Surg. 85:698, 

1-6. .\sclioff, Ludwig: Lectures on Pathology, Xcw York, Paul B. Hoeber 
Company, 1924, p. 35S. 
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I. EFFECTS PRODUCED BY DRAINAGE OF TFIE DUODEXU 
SECRETIONS BACK INTO THE STOMACH: 
iMECHANICAL FACTORS 

The following report represents my work on peptic ulcer produced 
experimentally by the methods der’ised by Mann. The principle of the 
methods used by Mann and his co-workers consists essentially in shunt- 
ing the alkaline secretions of the duodenum away from the pylorus so 
that the gastric juice and chyme are not neutralized. This has been 
accomplished by operations such as transplantation of the bile and pan- 
creatic ducts into the distal part of the ileum, or by Mann’s method of 
surgical duodenal drainage. 

As stated in the preceding review, Mann and Williamson demon- 
strated the occurrence of ulcer in the duodenum in about 50 per cent of 
the dogs in which the bile and pancreatic ducts had been transplanted 
into the distal part of the ileum. Morton showed that, following surgical 
duodenal drainage, peptic ulcers formed in the anastomosed jejunum in 
approximately 100 per cent of experiments. He also found that, whereas 
in the normal dog traumatic lesions of the gastric mucosa healed readily, 
following a duodenal drainage operation such lesions tended to become 
chronic peptic ulcers. In a similar way he demonstrated a greater 
tendency toward ulceration of transplants of jejunal patches in the 
gastric wall in dogs subjected to duodenal drainage than was the case 
in normal dogs. 


METHODS 

In the present study tlie operation of surgical duodenal drainage ^vas modified 
in such a way that while eliminating the alkaline secretions from the distal side 
•of the pylorus they were shunted to the gastric side. This was accomplished by 
draining the duodena! secretions into the fiindic portion of the stomach rather 
than into the distal part of the ileum. It was an apparent assumption that these 
alkalis might control the acid factors in the stomach and thus prevent the 
formation of the ulcers which developed after total elimination of the alkalis. 

• The same type of dogs used in the former studies were used in these expen- 
inents. All surgical procedures were carried out with the dogs under ether 
narcosis. Careful aseptic technic was observed throughout. Clamps were not 
used at the lines of anastomosis. Absorbable catgut was used for all intestinal 
suture work. 


The abdomen was opened by a high median line incision. The pylorus was 
exposed and the vessels and nerves to the upper border were cut between tvo 
ligatures. The pylorus was severed, and the duodenal end was inverted. In like 
manner, the jejunum was severed just distal to the ligament of Treitz. The 
distal end was brought up and anastomosed to the open gastric end of the pylorus, 
thus reestablishing the continuity of the tract, with the duodenum excluded. The 
'distal end of this isolated duodenum was anastomosed to the fundic portion o 
"the stomach. This was done by end-to-side anastomosis, or by side-to-si e 
■anastomosis following closure of the distal end. These anastomoses were made on 
-either the anterior or the posterior surface of the stomach. The type of anasto- 
-mosis employed did not have any influence on the end-results of the experiment 
■(fig. 1). 



McCANX— PEPTIC ULCER 


631 


The modified technic of surgical duodenal drainage established a new type of 
disturbance of the relationship between the gastric chyme and the duodenal juices. 
The whole volume of duodenal alkalis, during their entire secretory cycle, was 
shifted from the distal side of the pylorus into the fundic portion of the stomach. 
These duodenal secretions were now retained in the upper part of the digestive 
tract, were freely intermixed with the gastric juice, and in this state passed 
through the pylorus into the jejunum (now unprotected by alkalis) and on into 
the intestinal tract (fig. 2). The significant question was: Could these alkalis 
which emptied into the stomach control the acidity of the gastric juice and thus 
prevent the formation of ulcers? 

After operation, food was withheld for from two to three days. The dogs 
recovered quickly from the effects of the operation and were placed on routine 
kennel care. They were fed regularly with kennel food, and supplementary feed- 
ings of milk and syrup were given if they lost weight. 



I'ig. 1. Operative procedure, showing the duodenum draining the secretions of 
tlie gallbladder, liver and pancreas into the fundic portion of the stomach. 

KESTJLTS 

'I ypes of blccr . — Following the operation tt’pical ulcers of the 
jcjtiiuim. .siicli as were reported in all the earlier studies by Mann and 
his colleagues, formed in approximately 80 per cent of a series of 
t\\ent\-six dogs. This figure is slightly lower than in the other series, 
uhich can lie accounted for by the fact that two dogs were etherized 
lec.mse an nicer was suspected; at necropsy, an ulcer was not found. 
wo olher dogs in this series are still living two years after the opera- 
tion. .md the ])resiimption is that ulcers have not developed. These four 
< Oj,s ia\e lowered the percentage of occurrence of nicer. 

^ 1 lie nlcer.s usually formed within from one to three months. Some 
oi tliem iXTforated. causing sudden death. Others were first suspected 
when the dogs hegmn to refuse food and lose weight. If the dogs were 
et itnzed .It tliis time, ulcers of the anastomosed jejunum were nsuallv 
outu . le rariations in the length of time in which the nlcer.s formed 



632 


ARCHIVES OP SURGERY 


preclude the possiI)ility that operative tratiiua, thrombosis of vessels or 
cachexia are the essential factors concerned in producing these lesions. 

Usuaiiy singie, but sometimes multijde. ulcers were found. They 
were situated just beyond the suture iine. and were usually regressive 
up to the gastric mucosa. If they were multiple they were distributed 
over an area of from 5 to 7.5 cm. of the upper part of the jejunum. 
The acute ulcers were cleanly jiunched out, suggesting a vapidly 
progressing type of lesion. The three layers of the intestinal wall, the 



Fig. 2. — Anastomosis of the distal end df the duodenum to the fundic portion 
of stomach, thus draining the alkalis into this segment. The gastric chyme wd ' 
the duodenal alkalis intermi.xed empty into the unprotected jejunum. A chroni 
ulcer appears at the usual site of formation. 

mucosa, muscularis and serosa, were all extensively involved. Eteu 
these ulcers were not truly acute, in that the edge.s of the lesion 
slightly indurated, suggesting some of the tissue reaction i esponsi > e 
for chronicity in other specimens (fig. 3). 

The subacute ulcer, which was the type most frequently seen, gate 
definite evidence of early' chronicity. The edge.s of the ciatei ttere 
thickened, clue to the round cell infiltration from the tissue teaction. 
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There was graded involvement of the three coats in a terraced manner. 
'I'he mucosa was ulcerated most extensively, its edges indurated, rounded 
and overhanging. The muscularis was eroded less widely, and the serosa 
least of all. The occurrence of ulcers, without contact at the suture line. 



mdu.ucs that the ones which encroach on the suture line are regressive 

era,!! characteristics of the 

tdetr ob.served u, man. They were of consider.able depth. 



ARCriiriiS Of SURGERY 



F,g 4 -Subacute t>pes of ulcer w.th less extcnsue ulceration 
musculans and serosa than of the mucosa Ulcers at considerab e is an 
line of anastomosis 
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from 6 to 10 mm., with sloping indurated walls. The mucosa was thick- 
ened and overhung the sloping walls. The base of these chionic iilceis 
was usuallv formed by the peritoneal surface of an adjacent oigan, such 
as the liver, onto which they had slowly perforated. This slow perforation 
afforded the tissues an opportunity to establish a more intense reaction 
which is characteristic of chronicity, that is, round cell infiltration and 
fibrosis (fig. 5). 

Mechanical Factors. — The basis for the production of tliese e.xperi- 
mental ulcers has been attributed mainly to the mechanical and chemical 
factors im-olved in the physiologic functions of this region. Two of the 
specimens in this series presented significant evidence of the influence of 



Mjl. — Typical clironic indurated crater type of ulcer. Small perforation in 
!>.oe of ulcer was penetrating onto lobe of liver, wliich saved the animal from 
death by perforation. 


the two tneclianical factors involved; the force of the stream ejected 
tbrfitigli (be [wlortis and the friction of coarse cellulose foods. 

fn tile fir.st specimen, a chronic jieptic ulcer about 6 mm. in depth 
ud'' ])ic.sent; fifty or more hairs from the dog's hide were embedded in 
the sloping wail of the distal half of the crater. There were onlv one 
oi two hair.s in the proximal half of the ulcer. Apparently, the chyme 
mis ejected tlirough the pylorus and impinged on this segment of the 
luu.siiiie with force sufficient to embed the hairs in the wall of the nicer. 

11 .S. of com.se. i.s not controlled proof, hut it is suggestive evidence of 
t a. meclwnical factor established by the passage of chvme from the 
''toniacli (fig. ()j. 


Hie oilier 
ct'llulovo (oofis 


iiiecliaiiical factor, the destructive friction of coar.se 
oil the delicate granulations and epithelial cells of u Iical- 
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ing ulcer, was strikingly illustrated by the second specimen. The clog 
died suddenly from a perforated ulcer. At necropsy the peritoneal 
cavity did not show gross peritonitis. In the jejunum, just distal to the 
suture line, was a perforated ulcer through which protruded about 
0.3 cm. of the tip of a moderate-sized pyramidal piece of turnip, a con- 
stituent of the mash fed to the dogs The jejunum was carefully opened 
so as to leave the piece of turni]> undisturhcd. The lumen of the bowel 
and stomach contained a considerable cpiantity of bloody fluid, all of 
which was retained within the lumen of the viscera, because the ulcer had 





h 

Fig. 6 — a, absence of hairs in proxiinal end of ulcers; l>, hairs embedded in 
the distal half of the crater of the ulcer 

been completely occluded by the tin nip which hatl perforated it. 3 his 
perforation cif an ulcer represents a most e.xtreme degree of destiuction 
by the friction of food (figs. 7 and 8). 

COMMENT 

In the earl}' studies by Mann and his colleagues in which the original 
method of surgical duodenal drainage had been used, ulcers tveie pro 
duced by entirely eliminating the alkalis from the pyloric region anc 
exposing the segment beyond the pylorus to the full autolytic action o 
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which the hairs from the clog's hide were found embedded in the distal 
half of the ulcer constitutes an observation just as suggestive as if par- 
ticles of carbon had been mixed with the dog’s food and these had been 
observed in the wall of the ulcer. The specimen indicates the force with 
which the stream ejected through the pcdorus impinges on the site of 
ulcer formation. 

The destructive action of coarse cellulose food is apparent -when the 
delicate mechanism involved in the healing of an ulcer is considered. 
Morton, summarizing the experimental work done on the healing of 
ulcer, stated that Mann observed : 


The base of the lesion is first cleaned, the slough separates, and a protecting 
coat of serum and coagulum forms over healthy granulations. These processes 
ordinarily take about four days. Simultaneously the mucosa begins to grow out 
from the edges as a thin layer of flat epithelial cells. The edges of the mucosa 
tend to overhang and the granulations to push up in the center, so that the grow- 
ing edge of mucosa is protected in the resulting depression. This initial stage 
which has the effect of also decreasing the area to be healed over takes place m 
about ten days. Once initiated, the healing, if undisturbed, is rapid. In twenty 
days three-fourths or more of the base is covered with epithelium, and in thirty 
days the lesion is usually healed entirely. The scarring is in many cases hardly 
noticeable. 


How easily this delicate mechatiism might be compromised by the 
influence of friction was suggested by the piece of turnip which had 
perforated an ulcer. If a large piece of cellulose food could exert so 
destructive an influence, it is reasonable to assume that cellulose food 
of var3dng degrees of coarseness would exert a graded amount of fric- 
tion, thus continuall}^ aborting tbe reparative tendencies of an ulcei. 

That the assumption is justified is borne out by the experience o 
Bollman and Mann rvith dogs on whom an Eck fistula had been made. 
In a considerable percentage of tbe dog's acute perforated ulceis of the 
duodenum developed while thej' were fed on coarse food which con 
tained much cellulose material. When the coarse foods were leplacec 
by a soft or liquid diet, the occurrence of ulcers was decreased. T ns 
observation affords control evidence that with a partial deficienc} (qn^ ’ 
tative or quantitative) of the bile in the duodenum, the presence o^ 
absence of coarse cellulose food was the important factor in determniinj, 
the frequency of the formation of ulcers in the duodenum. 

On the gastric side of the pylorus there are two factors which would 
augment the friction of coarse cellulose food in the piep)loiic set,ment, 
and thus greatly influence the localization of ulcers in this segment, as 
occurs clinically, and as reported in Mortons expeiiments. 
factor, as Morton pointed out, is the anatomic arrangement ® ^ 

mucosa in this segment, ■which is closely attached and does not orn 
protective rugae such as are found in the fundic portion of the stomac i. 
This is particular!)' true of the lesser curvature. It is interesting to no e 
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that there is total absence of such rugae in the duodenum and jejunum, 
which are most subject to ulceration and would thus permit maximal 
friction by coarse cellulose food. 

The second and probably a highly important factor in augmenting 
the friction of cellulose food in the stomach is the type of motor activity 
in the preprdoric segment which I observed while working with the test 
meal of meat. In response to this adequate stimulus, the whole 
prepyloric segment was thrown into vigorous tonic contraction, so that it 
appeared sausage-shaped. Frequent peristaltic waves traversed the seg- 
ment during early digestion, being superimposed on this tonic contrac- 
tion. In contrast to this activity, the fundus appeared like a big 
motionless hall, with a simple wavering around its periphery. Pieces 
of cellulose food caught between the approximated, vigorously contract- 
ing walls of the prepyloric segment might exert considerable destructive 
friction on the reparative granulations and epithelial cells of an ulcer. If 
these particles were rejected at the pylorus and driven back into the 
fundus, as indicated by Cannon’s study, the friction of each particle 
might be multiplied many times. 

SUMMARY OF STUDY I 

In this study, the technic of surgical duodenal drainage was so 
modified that the alkaline secretions of the duodenum were shunted 
from the distal side of the pylorus into the fundic portion of the stom- 
ach. Despite the r-olume of alkalis drained into the stomach, ulcers still 
formed in the anastomosed jejunum in approximately SO per cent of the 
experiments. 

Evidence was obtained which substantiated Mann’s interpretation of 
the important mechanical factors that are active in causing these experi- 
mental ulcers, and which probably influence the localization of clinical 
ulcers. On the duodenal side of the pylorus these are the result of the 
force of the impinging stream ejected through the pylorus, and of the 
destructive friction of coarse cellulose foods on the reparative granula- 
tions and epithelial cells of a healing ulcer. On the gastric side of the 
P}dorus there is the same friction of coarse cellulose food augmented in 
the prepyloric segment by the absence of protective rugae, particularly on 
the lesser curvature, and by the vigorous tonic and peristaltic contrac- 
tions of this segment which appear in response to an adequate meal. 

n. THE CHEiMICAL FACTORS IN EXPERIAIENTALLY 
PRODUCED PEPTIC ULCER 

The present study was an investigatioir of the chemical factors 
nnolved in the development of the peptic ulcers produced by^ the experi- 
mental pi ocedures devised by Mann. Former experiments have indi- 
cated faiily definitely the mechanical factors which influence the 
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development and localization of the ulcers. The active chemical factors 
have been suggested b}' the nature of the disturbed physiologic function. 
The rationale of the methods is best indicated by Mann’s own words: 

Our re.siilts ii: a preliminary series of e.vpcrimenfs in which acid was adminis- 
tered orally, as well as the results of previous inve.stigators. demonstrated that 
simulating the so-called "hyperacidity” and "hypersecretion” by the artificial 
administration of acid would be very difficult. The upper part of the intestinal 
tract can he subjected to an acid medium ju.st as efifcetually by injuring the alkali- 
producing mechanism as by the administration of acid. We, therefore, undertook 
to eliminate singly and in combination, the various constituents of this mechanism, 
and it was found that injury of anj’ one of these constituents caused the develop- 
ment of typical chronic peptic ulcer iii a small percentage of experiments. We 
finally devised a method which consisted essentially in draining the alkaline secre- 
tion which is poured into the duodenum, into the ileum at a considerable distance 
from the point of emergence of the acid from the stomach into the intestine. 
Following this procedure, a typical peptic ulcer developed in a high percentage of 
e-xperiments. 

These ulcers, he thought, resulted from a disturbatice of the normal 
relationship between the gastric and duodenal juices beyound the pylorus, 
besides the mechanical factors of that region. 

The nature of this disturbed relationship between the gastric and the 
duodenal juices has never been exactly determined. Mann showed that 
an acid reaction to litmus persisted far down the intestinal tract follow- 
ing surgical duodenal drainage, whereas normally the reaction is alkaline 
to litmus. This was the basis of his idea that the acid chyme which 
passed the pylorus was not neutralized and acted as a major factor in the 
development of these ulcers. 

Two hypotheses suggest themselves as to the nature of the disturbed 
relationship of the secretions resulting from this procedure. First, if 
Boldyreft’s theory is accepted that the acidity of the gastric juice is 
resrulated by reeurgit'ation of duodenal alkalis into the stomach, then 
these procedures would injure this mechanism so that the mucosa won ( 
be exposed constantly to highlj' concenti'ated acid. This persistent state 
of hyperacidit}' might account for the production of the ulcers. If this 
theor)' is not true and the acidit}' of the gastric contents is independent 
of regurgitation of the duodenal alkalis, then the second hypothesis is 
probable, namely, that the acid peptic activity of normal gastiic clnine 
causes these ulcers, because its action is not terminated beyond the 
pylorus following the loss of diluting or buffer secretions, bile and pan 
creatic juice. It is important to know which hypothesis is tine, because, 
if it is the second one, these experiments have demonstrated the high} 
destructive action of the normal gastric chyme under experimental con 
ditions which allow it to ulcerate the mucosa. 
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METHOD 

By a method of fractional gastric analysis that I devised for use on the 
normal dog it is possible to measure the effect of these procedures on the chemical 
changes of the gastric contents during digestive activity and during rest. This 
method, which I shall report in more detail elsewhere, consists in feeding a fasted 
animal with a meal of meat and water. Half an hour after feeding, single speci- 
mens are aspirated every thirty minutes until free acid appears. Then the 
aspirations are made every fifteen minutes until the free acid is neutralized. 
Chemical determinations are made for total and free acids, and these are charted. 
The total chlorides are titrated, and the chlorine value of the free acid deducted, 
so that the resulting figure, which is charted, indicates the chlorine value in 
neutral or combined form. 

Three groups of dogs were operated on so as to repeat the methods used in the 
whole series of studies by Mann and his colleagues. Studies with the fractional 





Three types of operative procedures : modified surgical duodenal 
drainage with section in first portion of duodenum ; surgical duodenal drainage 
" ith section at pylorus ; surgical drainage of duodenal alkalis into fundic portion 
of the stomach. 

tc.st meal of meat were made before and after the operations. The three proce- 
dures were as follows Cfig. 9) ; 

1. Modified Surgical Duodenal Drainage . — The usual type of drainage opera- 
tion was modified by sectioning the first portion of the duodenum at the middle, 
rather than sectioning the pylorus. The duodenojejunal fle.xure was sectioned 
jcjond the ligament of Treitz. The proximal end of the duodenum was closed 
in, and the distal end was anastomosed to the distal part of the ileum. Duodeno- 
jctiinal anastomosis was made beyond the pylorus after the lumen of each 
segment had been enlarged by a longitudinal incision, thus obviating any mechan- 
ica cysfunction from stenosis at the line of anastomosis. Furthermore, nerves 
or sigm leant blood vessels were not severed in the procedure. 


127. McCann, J. C. : Unpublished data. 
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2. Surgical Dundcnal Driiliwffc. — Tlic original lucthoc} \y;is used for this group. 
The nerves and vessels to the upper border of the duodenum were cut between 
ligatures. The pylorus itself was sevcrerl and the usual anastomoses made: tlie 
jejunum to the pylorus, and the closed duodenum to the distal part of the ileum. 
Thus all the disturhances of motor function present in the earh' studies as a 
result of the manipulations at the pylorus were present in this group. 

3. Surgical Dnodcua! Drainage Bach into the Stomach. — The technic was the 
same as (hat reported in the preceding studj-. The pylorus was severed and the 
duodenal end inverted. The duodenojejunal flexure was severed just distal to 
the ligament of Treitz. The distal end of the jejunum was anastomosed to the 
open gastric end of the pylorus. The distal end of the isolated duodenum was 
anastomosed to the fundic portion of the stomach. Thus the whole volume ol 
duodenal alkalis was shifted from the distal side of the pylorus into the fundic 
portion of the stomach. 

RESULTS 

In the first procedure, since the duodentiin ratlier than the pylorus 
was severed, all impediments to normal emptying were avoided. As 



shown in figure 10, there was no essential alteration in the charactei o 
the curves in response to the test meal whether the alkalis on the distal 
side of the p}dorus were present or absent. There was the same pre 
liminary rise in the total acid and combined chlorine curves. Suhse 
cjuently, there was the same increase in the free acid value followed b} a 
decrease to the point of complete neutralization. This final drop in tie 
free acid value was accompanied by a terminal rise in the cotnhin<^<5 
neutral chlorine value whether the duodenal alK'alis were present or 
absent (fig. 10). This procedure was associated with the production o 
ulcers in the anastomosed jejunum, as occurred in all the e.xperiments 
with the original type of duodenal drainage operation. 
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In the second procedure, using the original type of snrgical duodenal 
drainage, fractional gastric analysis showed that the operative procedure 
had estaidished an impediment to normal emptying. The essential char- 
acter of the curves was the same before and after operation. The post- 
operative studies, however, revealed marked retention of the acid chyme 
iti the stoivach at the end oi the cycle. In the norjnal dog the stomach 
was completely empty shortl)- after the aj>pearance of free acid. During 
the period when free hydrochloric acid was present, decreasing quanti- 
ties of juice, from 30 to 5 cc., were aspirated every fifteen minutes until 
neutralizatioir was attained. After this type of operation, the stomach 
remained distended with fluid for a prolonged period, 230 cc. of acid 
chyme being drawn off late in the free acid period in one instance 
(fig. 11). After this procedure, Morton observed the change of acute 
traumatic lesions of the gastric mucosa into chronic peptic ulcers. As 



Tig. 11. Duodenal drainage, late retention of chyme with anastomosis per- 
ormed at the pylorus, with consequent prolonged exposure of traumatic lesions 
to normal acid peptic activity. 


tiauinatic lesions healed in the normal dog, the formation of these ulcers 

uas associated with prolonged exposure of the lesion to normal acid 
chyme. 


In the third procedure the alkaline secretions of the duodenum were 
diained back into the fiindic portion of the stomach, as described in the 
preceding study; the usual types of peptic ulcers were formed in the 
anastomosed jejunum in a high percentage of experiments. The results 
o 1 le f I actional studies in this procedure are significant as they show 
t le peisistence of acid peptic activitv after the introduction of duodenal 
alkalis into the stomach. 

1 ostoperative fractional test meals on three dogs revealed the usual 
c laiactciistic curves of normal digestion, with average normal values 
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for free acid at the end of the period ; namely, values of from 20 to 30 
expressed in terms of cubic centimeters of tenth-normal sodium 
hydroxide. Figure 12 shows the same preliminary rise in the value of 
the total acids and neutral chlorides, followed bj' the usual type of curve 
for free acid. There was the terminal ri.se in the value of the neutral 
chlorine in both instances, before and after operation. 

1 wo other phenomena were observed which mny have some influence 
on the develoinnent of these ulcers. One was the elevation of the rate of 
the basal secretion of acid, and the other, the influence of hemorrhage 
on secretion. 

Basal Secretion of Acid . — During the period when the dogs were 
eating poorly and they had lost considerable weight, presumably the 
stage of ulcer development, an increased quantity of the resting hasal 



Fig. 12 . — Perforated ulcer ; the same character of curves was observed before 
and after surgical drainage of duodenal alkalis (gastric) into the fundic portion 
of the stomach. 


secretion developed suddenly. The usual response to the test meal 
was observed, but following the completion of the digestive cjxle a con- 
tinuous secretion of juice of considerable acidity persisted (fig- l^)- 
This change was not related in any way to a disturbance of the duodenal 
secretions because it was observed in dogs in which the alkalis drained 


into the distal part of the ileum, in those in which the alkalis were 
drained back into the stomach, and also in those in which gastro- 
jejunostomy has been performed. This increased secretion was induced 
in a normal dog by a fast of seventy-two hours. It is probable that the 
phenomenon is related to this normal physiologic response to food after 
a prolonged fast, in which a high basal secretion is continued long after 


the digestion of a meal is complete. 

Hemorrhage . — The other phenomenon was the association of hemor 
rhage with high acidity. Blood was aspirated from the stomach of three 
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dogs. In the first dog there was an absence of acid during a study of 
the stomach while fasting, and suddenly blood was present as the result 
of trauma. Immediately afterward, acid of considerable concentration 
appeared (50 tenth-normal hydrochloric acid). From a second dog 
30 cc. of coffee ground material was obtained on a single aspiration of 
the stomach while fasting, with a free acid value of 60 tenth-normal 



lug. 13. — Duodenal drainage; continuous secretion of free acid after the com- 
pletion of the normal response to a test meal (at two hour point) in a cachectic, 
ulcer-bcaring dog. 



ig. 14. Hemorrhage (isolated) ; first specimen ; single appearance of blood 
•uu free acid during a course of hourly aspirations ; second specimen : single 
aspiration of coffee ground contents of high acid value. 

Indtochloric acid (fig. 14). In a third dog continuous bleeding occurred 
tor the major portion of a twenty-four hour period of fast. There was 
a cefinite relationship between the appearance and disappearance of 
) ooc and the concentration of the free acid of the gastric contents 
( 'ff- 1.''). It i.s difficult to judge how much a high basal rate of secre- 
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tion. as )nentionecI, may have been responsible for this continuous 
secretion, Imt the three observations suggest strongly that blood may act 
as an adequate stimulus to the secretion of hj'drochloric acid. 

COMJrEXT 

These studies show that in all the procedures used to produce experi- 
mental ulcers, the chemical characteristics of the gastric contents are 
unaltered. A\niether the duodenal secretions beyond the pylorus are 
partial!}' or wholly removed, or whether they are shunted from the duo- 
denal to the gastric side of the pylorus, the concentration of the acid of 
the ch}’me that passes the pylorus remains constant. Consequently, all 
these ulcers have occurred with the jrassage of chyme of normal acidity 
by the pylorus into a segment of intestine where their action is not 



Fig. IS. — Continuous presence of blood in gastric contents aspirated hourly, 
from A to B, associated with persistent free acid. 

terminated by the duodenal alkalis normally jrresent on the distal side of 
the pylorus. 

This constancy of the chemical constituents of the gastric contents, 
whatever the degree of disturbance of the alkaline factors on the distal 
side of the pylorus, is not in accordance with Boldyreff’s theory of the 
control of gastric acidity by regurgitation of these alkalis. tVhether 
part or all of the duodenal secretions are eliminated, there is no tendenc} 
toward a condition of hyperacidity in the stomach. There is the same 
adequate control of the acidity of the gastric juice, without evidence o 
a compensatory mechanism. Hence it would appear that there is a 
mechanism for the control of the acidity which is entirely intiagastiic 
and wholly independent of the regurgitation of duodenal alkalis hack into 
the stomach, and that these experimental ulcers hai’e resulted from the 
acid peptic activity of normal chyme which was not terminated beyond 
the pylorus because of the absence of neutralizing alkalis. 
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As established b}’ the results in the first procedure, the ulcers which 
developed bej’ond the pjdorus in a moderate percentage of instances 
following ligation or transplantation of the bile or pancreatic ducts 
singly, partial hepatectomy and Eck fistulas are dependent on the action 
of normal gastric ch 3 -me, and a partial deficit of the duodenal juices. 
These ulcers have been produced in a much higher percentage of experi- 
ments by establishing a complete deficit of the alkalis beyond the pylorus 
following transplantation of both ducts, or by doing surgical duodenal 
drainage. With a gradually increasing acid peptic activity ber’ond the 
pylorus, due to the constancy of the chemistry of digestion and the 
decreasing amount of alkali bermnd the pylorus from these procedures, 
there is a directly increasing tendenc\- to the formation of ulcers. In 
other words, there appears to be a graded tendencj' toward the formation 
of ulcer, directly proportionate to the alkali deficit beyond the p\’lorus. 

Seeking a possible clinical application of these purely experimental 
facts, it is interesting to speculate whether clinicalh’: (1) duodenal 
ulcers might result from a deficit of alkali on the distal side of the 
pylorus associated with disease of the liver, pancreas or gallbladder, 
which allows the acid peptic activity of the chyme to be sufficiently 
uncontrolled so as to ulcerate the duodenal mucosa; (2) hypersecretion 
and hyperacidity of juice of 95 tenth-normal In'drochloric acid 
might be uncontrolled by the normal quantity of alkaline secretions in 
the duodenum and thus produce ulcers, or (3) the immunity of the 
mucosa of the first portion of the duodenum can be lowered b}” such a 
mechanism as the toxins of a burn, or the localization of streptococci, so 
that it becomes susceptible to the degree of acid peptic activitr' which 
persists normally in the first portion of the duodenum before the chyme 
is completely neutralized b\’ the alkalis of the duodenum, and is ulcer- 
ated by it. 

In the second procedure an extraneous factor has been introduced, 
whether from nerve injury or from some degree of stenosis of the 
pj’lorus associated with end-to-end anastomosis. This factor acts as an 
impediment to normal emptying. Consequent!}', the mucosa of the 
stomach is exposed to normal acid peptic activity for a prolonged period. 
This fact establishes the basis of Morton’s experimental gastric ulcers. 
He showed that traumatic lesions of the gastric mucosa, which healed 
rapidly in the normal dog, tended to develop into chronic gastric ulcers 
after surgical duodenal drainage. He also observed by roentgenologic 
study that there was slight gastric stasis during the first two weeks, and 
that this subsequently increased. These fractional test meal studies have 
shown that whereas traumatic lesions of the gastric mucosa tend to heal 
leadily when exposed to normal acid peptic activity for a normal period, 
u hen exposed to normal acid peptic activity for a prolonged period as a 
rc.sult of stasis they tend to change to chronic pej^tic ulcers. Since the 
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only demonstrable variable following this operation is this prolonged 
exposure of the lesion to normal acid peptic activity, it is probable tliatthe 
destructive activity of acid jjepsin over a long period was responsible for 
tlie development of these gastric ulcers. This concept is in accord with 
Hughson’s conclusions when he showed, after a series of roentgenologic 
studies on the emptying of the .stomach, that in animals in which delay is 
demonstrated ulcerations remain active at least twice as long as in the 
group in which emptying is more rapid. 

1 he demonstration that experimental gastric ulcers are associated 
with prolonged exposure to the normal acid chynne suggests hypothetic 
conditions that might lead to the develojmient of gastric idcers in clinical 
cases. A traumatic lesion of the gastric mucosa, associated with pyloro- 
spasm and prolonged retention of the fluid chyme of normal digestion, 
might result in a gastric ulcer. With lowered immunity of the gastric 
mucosa, for a prolonged i)eriod of time, by such an agent as the localiza- 
tion of streptococci, the normal acid jjeptic activity of digestion, together 
with the mechanical factors of the region, might initiate a lesion and 
produce a chronic peptic ulcer. 

The persistence of normal values for acid in the third procedure, 
despite the drainage of all the duodenal alkalis into the fundic portion of 
the stomach, is an unexpected observation which may possibly he 
explained by an increase in the amount of acid secreted, to compensate 
for these alkaline juices. Whatever the exjjlanation. the question is 
raised as to whether the favorable results following gastro-enterostomy 
for clinical ulcers may be due not so much to the neutralizing effect of 
these juices as to the mechanical drainage of the free acid aliquot which 
terminates the digestive cycle. It may be that, with the relaxed state of 
the musculature at the end of digestion, all the final free acid which 
usually coincides with the period of distress may drain through the 
relaxed stoma and thus spare the ulcer from its destructive action. 
This result supports the idea that normal acid pepsin, acting in the 
absence of an effective neutralizing mechanism, is the probable cause of 
these experimental ulcers. They' are not due to the loss of any specific 
protective activity' of the juices other than chemical, because, in this third 
procedure, all the duodenal alkalis are present at a point proximal to the 
site of ulcer formation where they' do not alter the normal chemistry of 
digestion, and are displaced only from the point of effective neutraliza- 
tion in the duodenum. 

Experimental data support the clinical impression that hemorrhage 
may stimulate the secretion of an amount of acid that will have a 
deleterious effect on an ulcer. Likewise, a high rate of basal secretion 
of acid may develop which will be equally' harmful to an ulcer. 

Since it has been shown that normal acid pejJtic activity is the chem- 
ical factor associated with the production of these experimental ulcers. 
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one fact is revealed which is of major clinical significance ; the graded 
inimunit}' of the upper intestinal tract to the destructive action of the 
gastric juice, or, conversely, the increasing vulnerability of the mucosa to 
the formation of ulcer as the distance from the cardia of the stomach 
increases. 

Under the mechanical conditions of these experiments the gastric 
mucosa did not ulcerate from exposure to the normal autolytic action 
of the juice for normal periods of time. Even traumatic lesions in all 
parts of the mucosa healed when exposed to acid pepsin for the normal 
periods of digestion. Furthermore, the inherent immunity of the mucosa 
to this action is so marked that it never ulcerated spontaneously from 
])rolonged exposure to this activit}^ as resulted from surgical duodenal 
drainage. Even with prolonged exposure to this autolytic activity after 
surgical duodenal drainage traumatic lesions in the cardia healed suc- 
cessfully. Similar lesions in the prejryloric segment, which is the site of 
clinical formation of ulcer, developed into chronic ulcers from this pro- 
longed exposure ; but here there are also mechanical factors involved 
which tend to prevent the healing of such lesions. 

The duodenal mucosa ulcerated spontaneously from exposure to 
unneutralized acid chyme of normal digestion (in the absence of alkalis 
after surgical duodenal drainage) in a fair percentage of experiments. 
The jejunal mucosa ulcerated in practically all instances when exposed 
to this activity under the same experimental conditions. The contrast 
between the immunity of the gastric mucosa and the susceptibility of the 
duodenal mucosa to spontaneous ulceration probably e.xplains the clinical 
preponderance of duodenal over gastric ulcers in a ratio of four to 
one, ])rovided the initial lesion is established as frequently in the stomach 
as m the duodenum. This gradient of immunity would also explain 
the tendency for gastrojejunal ulcers to form in the relatively unfavor- 
able environment of gastrojejunostomy, the low percentage of occur- 
lence being dependent on unrecognized factors. 

It is not necessary to postulate a state of hyperacidity to explain 
the formation of chronic ulcers. The}' have resulted experimentally 
from e.xposure to normal acid pepsin for the remarkably short periods 
of normal digestion, under proper experimental conditions. It is prob- 
able that, since meat is pi'ogressively disintegrated to a fluid state b}’ 
acid in combined form during early digestion, the devitalized cells of an 
ulcerating lesion may be somewhat susceptible to the action of this com- 
bined acid and jiepsin of early digestion. Probably the action is not so 
maiked as from the free uncombined acid of late digestion. 


SU.MMARY OF STUDY II 

In a long series of ex]ierimental studies. Mann and his co-workers 
aue produced typical peptic ulcers by injuring the neutralizing 
mecliamsm m the duodenum, so that the acid chyme from the stomach 



050 


ARCHIVES OF SURGERY 


could act on tlie mucosa without hindrance. In earlier studies I found 
that the mechanical factors active in producing these ulcers, and presum- 
ably influencing clinical ulcers, were the force of the stream ejected 
through the pylorus, the friction of coarse cellulose food and the vigor- 
ous motor activity' of the preplyoric segment. 

Using a method of fractional ga.stric analysis which I devised for 
use on the dog, the underlying chemical factor in the production of these 
ulcers was shown to be normal acid peptic activity. The ulcers produced 
e.xhibit the highly destructive character of the gastric chyme. Of great 
significance is the gradient of immunity of the mucosa of the intestinal 
tract to ulceration, which probabl}- is the deciding factor in determining 
the greater frequenc}' of duodenal ulcer as compared to gastric ulcer, and 
the tendenc}' for jejunal ulcer to develop following gastro-enterostoniy. 

These studies demonstrate that the gastric mucosa possesses con- 
siderable immunity to the autolytic activity of the acid and pepsin 
secreted by the stomach, whether exposed to it for a normal period or 
for a prolonged period, because spontaneous experimental ulcers of the 
chronic type produced in these experiments never developed in the stom- 
ach. Likewise, the normal duodenal mucosa is completely immune to 
this activity under the condition of a normal relationship between the 
acid chyme ejected through the pylorus and the neutralizing secretions 
present in the duodenum. 

AVith slight disturbances of the interrelationship of normal functions 
in the pyloric region, the ordinary factors active in this segment assume 
pathologic significance. By experimentally disturbing these relation- 
ships, a considerable body of evidence has been developed which stands 
in answer to Cohnheim’s statement that the real difficulty is in deter- 
mining “the unknown something which prevents the healing of ulcer. 
The evidence indicates that the “unknown something’’ may be the normal 
acid peptic activity of the gastric chyme with the mechanics of the 
region, which act as a definite handicap once a lesion has been estab- 
lished. 

III. AUTOLYSIS OF THE STO.AIACH 

Gastromalacia, or self-digestion of the stomach, is a phenomenon, 
the occurrence of which during life has been much disputed by pathol- 
ogists, If the occurrence of autodigestion were possible, one might 
consider it related to the formation of ulcer so far as one would repre- 
sent a geireralized and the other a localized digestive process. In either 
case the process could be attributed to an abnormal activity of the diges- 
tive enzymes, or to a deficiencv of the tissues for natural self-protection 
against enzymatic activity. That there is such a relationship between 
aiitoUsis and the formation of ulcer is suggested by the possible occur- 
rence, as reported here, of generalized autolysis of the stomach follow- 
ing surgical drainage of the duodenal juices back into the stomach: the 
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procedure which resulted in the formation of ulcer. Because of this 
probable relationship, a brief review of general autolysis and of the 
resistance of living tissue to gastric digestion is relevant. 

The literature contains few references to intra vitam autolysis of 
the stomach. Its occurrence after death has long been appreciated by 
pathologists. If an animal is killed at the height of digestion and kept 
warm, digestion of its stomach and adjacent tissues will take place. 
^'lrchow, Elasser and Cohnheim agreed that this was always a cadaver- 
ous process. Rokitansky maintained, however, that it occurred during 
life, particularly in the end-stages of extensive tumors of the brain. 
Cases reported from Ziemssen’s clinic by Mayer and Leube seem to 
bear out this contention. The mechanism of protection against autolysis 
has long been a source of speculation and study. Stall believed that the 
stomach was protected from autolysis by the sensitive soul ; John 
Hunter and Spallanzani believed that the Au’tal power protected the 
body by some inherent energy. Bernard was the first to idew the 
problem in a physiologic manner, when he attributed this immunity to 
the fact that pepsin was not absorbed by the gastric mucosa (probably 
because of the mucous coat), and because any destro3^ed cells were 
rapidly regenerated. Harley ascribed the protection to the mucous film, 
and Pavy to the alkalinity of the blood, which neutralized the acid. 

I found only one report of experimental gastric autolysis in the 
literature. Frouin observed it while stud3dng an isolated stomach 
with a fistula to the anterior abdominal ivall. After transacting 
the cardia and p3'lorus, he anastomosed the esophagus and duodenum, 
so that the continuity of the digestive tract (ivith the stomach excluded) 
was reestablished. He closed the two ends of the stomach, and estab- 
lished a fistula to the anterior abdominal wall. Besides this surgical 
fistula, another smaller one formed accidentall3' between the cardia of 
the stomach and the esophagus. Through this fistula small quantities 
of food seeped into the stomach and were retained. The animal died 
on the twenty-ninth da3-, and necrops3- was done within two hours. 
Almost complete digestion of the gastric mucosa had occurred. Frouin 
believed this resulted from stagnation of the products of protein diges- 
tion and gastric secretion. He repeated the stud3' on an isolated stomach, 
administering salt to increase gastric secretion and injecting peptone into 
the stomach. Hemorrhage into the stomach resulted, which he assumed 

128. Hunter, quoted by Turck; J. A. It. A. 46:1753 (June 9) 1906. 

B>-‘rnard, Claude, quoted bv Dragstcdt and Vaughan: .Arch. Surer, 8:791 
(May) 1924. 

130. Frouin, .Albert: Des causes de la resistance de I’estoinac a I’auto-digestion, 
oniiu. rend. Soc. de biol. 52:749, 1900; Auto-digestion experimentale de I’estomac, 
rcssc uicd. 16:769, 1908; Resistance de I’estomac a I'auto-digestion, La patho- 
Kenie de I’ulcero, ibid., p. 809. 
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would have resulted in aulolysis if repeated often enough. In iny study 
two cases of autoIy.sis followed drainage of the duodena! juices back 
into the stomach, which caused an unhalanced intermixture of the diges- 
tive juices. In analyzing this phenomenon, the causative factors may be 
attributed to one of two factors: to increased enzvmatic activity asso- 
ciated with prolonged retention of digestive juices which results from 
the procedure, or to deficiency' in the normal protective mechanism of 
the mucosa. 

The enzymatic activity of the digestive juices is analogous to the 
genera! autoh'tic or enzymatic activity elsewhere in the body. The 
analogy is similar to that existing between the endotoxins and ectotoxins 
of bacteria. Corresponding to endotoxins the tissues contain peptic, 
tryptic and creptic-like enzymes which are active within the cell in 
metabolism, disease, involutional changes and death. Turck,’’’ Effront 
and Robertson showed that these jjroteolytic intracellular enzymes 
belong to the same group as the digestive ferments. Analogous to bac- 
terial ectotoxins are the enzymes of the gastro-intestinal tract, active 
outside the cell body, ordinarily inhibited from attacking the living 
mucosa, but reported in this paper to have possibly done so. 

The first realization that the most constant tendency of tissue is 
toward spontaneous disintegration came, according to Levene,’"' when 
Manassein and Buchner ’•'= demonstrated a single substance in the cell 
which led to fermentation after the cell was crushed and dead. 
Salkowski recognized that disintegration of li\'er, muscle and supra- 
renal gland was due to enzyme activity, and called the process "auto- 
digestion" ; in 1900, Jacobi.^''” introduced the name “autolysis. ’ An 
appreciation of the universality of this process soon followed. Mueller 
shovved that resolution in pneumonia was by autolysis, and Opie that the 
exudate was absorbed by’ the proteolytic activity of leukocytes. That 
pathologic processes represent only an intensified jjicture of normal 
protein metabolism by enzyme activity rvas first suggested by Dochez. 
Flexner noted the intense self-digesting tendency in the organs of those 
who succumbed to typhoid and other infectious diseases. This process 
also occurs during life, in phosphorous poisoning, acute yellow atrophy, 
atrophy' of the thymus gland, involution of the uterus and softening of 
tumors. Sykes and Meyers asserted that autolysis is a normal metabolic 
activity, for during a prolonged fast the amino-acid content of the l)looc! 

131. Levenc, P. A. : Autolysis, The Harvey Lectures, 190S-1906, p. 73. 

132. Manassein and Buchner, quoted by Levene: Autolysis, The Har\c\ 
Lectures, 1905-1906. 

133. Salkowski, quoted by Dochez; J. E-xper. Iilcd. 12:666, 1910. 

134. Jacobi, Y., quoted by Dernby; J. Biol. Chem. 35:179, 1918. 

135. Dochez, A. R. : Intracellular Proteolytic Enz.ymes of Liver. J. Esper. 
Med. 12:666, 1910. 
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is maintained by autolysis of muscle protein. Notwithstanding the pres- 
ence of destructive enzymes in all tissues, however, the organs succeed 
in guarding their integrity, as does the stomach, from enzyme activity. 
It is only when there is an exaggeration of the normal process, or a dis- 
turljance in the normal relationships which keep autolysis within hounds, 
that self-digestion ensues. 

Bile may play a part in this process of gastric autolysis, as indicated 
hy Tatum."’" He cut blocks of various tissues and incubated them in 
fresh bile for from two to four hours at 30 C. They were sectioned and 
stained, and autolysis of the peripheral margins was found, with 
pyknotic nuclei which had lost their staining capacity for hematoxylin. 
No such effect was shown in dead tissue subjected to the same process. 
The action was accelerated h\’ acid, hut was inhibited by blood serum and 
alkali. In an effort to determine the constituent of the bile responsible 
for this phenomenon, he studied the effect of sodium gh'cocholate which 
he found less penetrating than either taurocholate or mucin-free bile, 
both of which had equal influence in causing the change. Unaltered 
bile was most penetrating. Boiling did not affect its influence, but 
animal charcoal diminished it. Bradley and Taylor criticized this 
work because histologic changes were interpreted in terms of chemical 
action. They attributed the results to the solvent action of bile salts on 
the cell lipoids, claiming that the picture was that of cytolysis and not one 
of enzyme activity. 

One of the possible variants that is of major importance in autolysis 
is the hydrogen ion concentration; this has been recognized as a con- 
trolling factor. Hedin,''"' among the earliest investigators, reported 
increased autolysis in an acid medium and decreased activity in an alka- 
line medium ; he also reported that if the action is started in acid first and 
then transferred to alkali the autolysis is more complete than if acid acted 
alone. Morse considered that autolysis is an autocatalytic reaction 
due to spontaneous increase in the hydrogen ion concentration. Bradley 
believes that the increase in the hydrogen ion concentration alters the 
proteins into forms more readilv digested by enzyme activity. Dernby 

136. Taliini, L. ; The Influence of Bile on .-\utolvsis, J. Biol. Chem. 27:243, 
1916. 
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found three distinct groups of proteolytic enzymes in the (issues, with 
end-products identical with those of pepsin, trypsin and erepsin of tlie 
gastro-intestinal tract, each acting at a dififerent hydrogen ion concentra- 
tion. In studying different tissues lie found the stomach to contain a 
large amount of pepsin, with optimal activity in a hydrogen ion con- 
centration range of from 2 to 3. This enzyme was present in all tissues, 
acting at an optimal hydrogen ion concentration of 3.5 and splitting 
proteins into peptones, but no farther. Tiypsin-like and erepsin-like 
enzymes were jDresent, acting in an ojitimal hydrogen ion concentration 
of 7.8, attacking onl}' peptones and peptides, and yielding amino-acids. 
Self-decomposition of tissue proceeded best at a hydrogen ion concentra- 
tion of from 5 to 6, that is, between the optimum for jjcpsin and trypsin. 
Bradley criticized Dernby for his use of the terms peptic, tryptic and 
ereptic enzymes, because he claimed these tissue enzymes have a dif- 
ferent optimal hydrogen ion concentration than the digestive ferments, 
Ble found that tissue protease is inhibited at a hydrogen ion concentra- 
tion of 2.6, which is optimal for pepsin, and that pepsin is least active at 
the optimal hydrogen ion concentration for tissue autolysis. He also 
found that the addition of trypsin carried the splitting of proteins beyond 
the point to which autolysis alone could carry it. 

Another contribution on the influence of hydrogen ion concentration 
is the work of Rona and Mislowitzner in which they found that autolysis 
of the liver of guinea-pigs was maximal with acetate buffers of />h 
3.5 to 3.8, and with phtlialate at />rr 4.2. The action was arrested by 
changing it briefly to />,[ 8. Most of the nitrogen in the autolysate was 
found in the form of polypeptides with 50 per cent autolysis; if the 
products of digestion were removed by dialysis, the digestion was 
increased to 90 per cent. Nagai,^'*^ while studying the pancreatic juice, 
found that with increased acidity the initial velocity of autolysis was 
decreased, but that it recovered in a number of hours. He also found 
that increased alkalinity augmented the initial velocity, but that it soon 
fell, indicating destruction of the enzyme. 

Thus it may be seen that surviving tissue variations in the hydrogen 
ion concentration can augment the destructive action of proteolytic 
enzymes. It may be that the abnormal chemical status which the piesent 
operative procedure establishes, with fluctuations from acid to alkali, 
renders the proteolytic enzymes of the digestive tract abnormally actne, 
leading to digestion of the stomach. However, there is another factor 
that must be considered, that is, the possible impairment of the noimal 
mechanism of protection against the action of these enzymes. 

Bernard first demonstrated the power of the digestive juices to disin 
tegrate living tissue by introducing the leg of a frog into a dog s stomac i 

141. Ragai, Kazuo : On the Autolysis of Pancreatic Juice, J. Biochem. 2.399, 
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through a fistula and watching the digestion of it. Pavy found this to 
he true also of a rabbit's ear. He believed that in the wall of the 
stomach the alkalinity of the blood neutralized the hydrochloric acid. 
Schiff demonstrated that the mucous layer protects the stomach from 
pepsin by showing that the mucus which forms over the orifice 
of a canula placed in a gastric fistula will allow the passage of hydro- 
chloric acid, but not of pepsin. De Klug,^^ seeking to verify this pro- 
tective role of mucus, made a powdery extract of intestinal mucosa 
rvhich had all the characteristics of mucin ; it inhibited the action of 
both pepsin and trypsin even when heated. The same inhibiting effect 
was demonstrated with mucus from bile, and with pseudomucin from 
an ovarian cyst. Palier believed that the stomach did not digest itself 
because the mucus and peristalsis of the tract constantly repelled the 
digestive juices from the wall. 

Weinland attributed this immunity to an antiferment contained in the 
gastric mucosa. Katzenstein stopped the digestion of spleen and living 
intestine by adding an extract of gastric mucosa to the gastric juice. 
Lecine and Hatz found that a fragment of gastric mucosa inhibited the 
digestion of egg white, which was not true of intestinal mucosa. 
Kawamura, studying this antiferment, took equal sized pieces of gastric 
mucosa, intestinal mucosa and spleen and added each to digesting gastric 
juice according to Katzenstein’s conditions. The stomach slightly 
inliibited digestion, the intestine somewhat more and the spleen most of 
all. Blood serum also exercised a decided inhibitory effect on digestion. 
He concluded that there is an antipepsin in the blood, demonstrable in 
the gastric mucosa and other tissues, and that ulcer arises from a cir- 
culatory disturbance resulting in a lack of antipepsin in a circumscribed 
area of tlie stomach. All of these observers considered autolysis as due 
to a break in the equilibrium between enzyme and anti-enzyme, pre- 
disiKDScd to by vascular changes and by traumatic and nervous lesions. 
Lieblin, studying the quantitative value of antipepsin in the blood, found 
it fairly constant in healthy and sick persons, but in cases of gastric 
ulcer it was inconstant, sometimes high and sometimes low. 

Surgical procedures have been used to stud}^ this immunity of living 
tissue to digestion. Katzenstein introduced a loop in intestine into 
the stomach of a dog, and death resulted in eight days from digestion of 
the loop. He obtained the same result with a rat. Pie then anastomosed 
a resected segment of intestine at two points on the greater curvature, 
so tliat the gastric juice passed through it as a collateral canal. After 
several days the dog died with necrosis and digestion of the mucosa of 

142. De Kluir, bcrdiiiand ; Pourquoi Ics ferments proteolytiqucs ne difrerent-ils 
I':!' I'e-stoniac ct riiUestiu stir Ic vivaiU? Arch, inlcnwt. d. physiol. 5:297, 1907. 

^14.4. r.ilicr. l!,. : l-.tinlogy of Gastroduodenal Ulcer. Xew York yi. J. 117;659, 
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the implanted segment. Tlie peritoneal surface of a loop of duodenum 
was imjjlanted into an opening made in the pyloric antrum. This resisted 
digestion. Implanted spleen and omentum were promptly digested. 
Katzenstein concluded that the gastric mucoSa contained anti ferments 
which were not present in the intestinal mucosa. Lecine and Hatz, on 
the contrary, found that when great care was taken not to injure the 
blood supply, the spleen and loops of intestine could be inrplanted into 
the stomach without undergoing digestion. They concluded that a tissue 
which secreted a juice was protected fronr its action. Stewart suggested 
that various body menrbranes have developed a specific resistance to the 
fluids with which they nornrally come in contact, but not to other juices. 
Matthes irelieved that the gastric mucosa had deveIoi>ed a special resis- 
tance to hydrochloric acid, which he clainred was destructive to other 
tissues. 

Dragstedt and Vaughan transplanted flaps of the lower part of 
the duodenum, and of the upper part of the jejunum, ilieum and colon 
into the pyloric region with the Irlood supply intact, and the transplant 
had not digested at tire end of three nrontlrs. If these patches were 
sutured with the serosa toward the lumen, the serosa and the mus- 
cularis were digested, but the mucosa remained resistant. A split spleen 
was implanted with its raw surface toward the lumen. It was not 
digested even though it did not have a mucous coat; also, epithelium 
grew inward covering its edges. This, it was claimed, ruled out any 
protective function by the mucous coat, and emphasized the intrinsic 
resistance of the naked exposed living cell to digestion. Kawamura, 
using dogs, exposed parts of the stomach, intestinal wall and spleen to 
the action of gastric juice, but they' were not affected while the circula- 
tion was unimpaired. Only after necrosis had begun as a result of 
circulatory' disturbance was there any' sign of digestion. As mentioned, 
de Takats and Mann, and later Morton, transplanted jejunal patches 
into the wall of the stomach. With the exception of one condition, they 
resisted digestion until after duodenal drainage had been established, 
which probably' resulted in delayed emptying of the chy'ine and, conse- 
quently', prolonged exposure to the acid chy'ine. Mann also transplanted 
loops of jejunum into the yjosterior wall of the stomach. These 
remained normal until the extirpation of the suprarenal glands, following 
which autolysis ensued. 

METHOD 

This study presents two instances of autoly'sis of the gastric mucosa. 
The phenomenon was unexpected and was observed after an operatne 
procedure in the study' of experimental j^eptic nicer. 

The operation consisted in draining the duodenal secretions back into the 
fundic portion of the stomach. The pylorus was severed, and the duodenal enc 
was inrerted. The jejunum was severed just distal to the ligament of Treitr. 
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The distal end was brought up and anastomosed to the open gastric end of the 
pylorus, thus reestablishing the continuity of the tract, with the duodenum 
excluded. The distal end of the isolated duodenum was anastomosed to the fundic 
portion of the stomach, so that the alkaline secretions were drained into that 
portion of the stomach (fig. 1). 

In three of the dogs an effort was made to influence the autolytic process by 
the administration of different salts contained in capsules. Five grams of 
sodium chloride was administered to one dog three times a day. This was done 
because Fronin had administered the salt, and believed that it had increased the 
tendency to autolysis. To a second dog, 5 Gm. of sodium bicarbonate was given 
three times a day, on the chance that the process might be initiated by shifting the 
hydrogen ion concentration, even momentarily, to the alkaline side of neutrality. 
To a third dog, 5 Gm. of sodium taurocholate was given three times a day with 
the purpose of augmenting the action of the bile which was completely drained 
into the fundus of the stomach. Rywosch had produced inflammation and 
gangrene of the stomach of rabbits by feeding an excess of bile salts. The 
administration of the salts was continued over a period of a month, but in none 
of the three dogs did autolysis of the gastric mucosa develop. 

RESULTS 

Two of twenty-six dogs subjected to the foregoing operative pro- 
cedure died suddenly. Necropsy revealed extensive autolysis of the 
gastric mucosa. The first dog died twentj'-three days after operation, 
during whicli period it had lost 1.8 Kg. At necropsy, both lungs were 
collai)sed and the pleural cavities contained a considerable amount of 
thin chocolate-colored fluid which was strongly acid. The mediastinum 
had iteen entirely eaten away, e.xcept for the main blood vessels, the 
trachea and the lower part of the esophagus. The upper and intra- 
thoracic portions of the esophagus had been entire!}' eaten away. This 
explained the fluid in the chest, which, being strongly acid, was probably 
gastric juice. The digestion had extended through the structures of the 
neck, and the upper limit was determined by the lower part of the skull. 
1 he whole hand could be inserted into the cavity in the neck. The peri- 
toneum was clean and relatively free from adhesions. The stomach had 
undergone considerable digestion at the points adjacent to the stoma and 
to the delivery of the duodenal contents. The digestion had entirely 
destroyed the mucosa, leaving the submucosal vessels standing by them- 
selves. 1 he stomach contained coffee ground material. All anastomoses 
were satisfactory. 

The second dog died five months after ojieration; it lost 1 Kg. 
Necropsy revealed autolysis of the stomach and jejunum, and ulcer 
formation. 1 he peritoneum was clean, and all suture lines were intact. 
I he walls of the stomach appeared thin and transparent as the organ was 
washed with water. W hen oi^encd. extensive autolysis of the gastric 
mucosa was found. Over an area apjmoximatcly 10 by 7 cm., the cardia 
was denuded of mucosa, and the glistening submucosa formed the inner 
lining of the stomach. An area of jejunum close to the anastomosis. 
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about 2 cm. in width and extending about 5 cm. in a longitudinal direc- 
tion, was likewise denuded of mucosa. In the center of this autolyzed 
area, two perforated ulcers were found (fig. 16). The relationship of 
the autolyzed surface and the ulcers suggested a possible identity between 
the mechanism that leads to a localized area of destruction, as an ulcer, 
and that which leads to extensive autolysis of the gastric mucosa. 

COM HUNT 

It is impossible to estimate the significance of the results. They are 
isolated phenomena in an uncontrolled experiment. It is not possible 
to judge how much of the process is intra vitam and how much is post- 
mortem change. It is significant, however, that autolysis occurred in 



Fig. 16. — Extensive area of autolysis of the mucosa, o, of the stomach and 
jejunum, associated with the formation of perforated ulcers, in an experimental 
study in which the duodenal alkalis were drained back into the fundic portion of 
the stomach. 

two animals subjected to the same operative procedure, and that the\ 
were isolated specimens in a large group of normal and expeiimental 
animals all receiving the same kennel care. Shortly after death, all 
animals were placed in refrigeration. Routine careful investigation o 
all organs was carried out, and never was this phenomenon obserted. 
It seems fair to assume that the operative procedure established condi 
tions that were conducive to the initiation of the autoh'tic process. 

Conclusions cannot be drawn concerning the relationship of this 
process to that of general tissue autolysis. In both instances compaiable 
enzymas are active, in the one instance within the cell and in the other 
instance outside the cell. General autolysis is definitely influenced b) 
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shifts in the hydrogen ion concentration of the environment, and in these 
instances of autolysis of the mucosa of the stomach there is the possi- 
bility of a widely shifting hydrogen ion concentration. It is interesting 
to speculate whether the conditions of the experiment made it possiljle 
for the intragastric enzymes to attack the gastric mucosa. If this is 
true, it is possible that an ulcer may represent a similar process limited 
to an area of lowered resistance. 

Why does not the stomach digest itself ordinarily? What is the 
source of protection against this destructive process? This seems to 
lie a problem more open to theor}' than to exact investigation. In a series 
of studies which I made on the control of the acidity of the gastric juice, 
it seemed that in the active state of digestion food combined readily with 
the acid, and that after the completion of digestion the residual free acid 
was emptied from the stomach. It appeared that in the resting state the 
rate of secretion was lowered to a level at which, according to Foster's 
evidence, it may be combined with the mucus in the presence of pepsin at 
liody temperature. This reaction ma}' take place immediateh' in the 
lumina of the glands in the fundus. The gastric mucosa would probably 
be protected from any residual free acid in the lumen of the stomach by 
a coating of this mucus capable of combining with the acid. 

SUMMARY OF STUDY III 

The literature contains little on autolysis of the stomach. Two such 
instances, observed in an experimental study, are reported. There may 
lie a general analogy between intracellular enzymatic activity responsible 
for general autolysis and the extracellular enzymatic activity responsible 
for the instances of autolysis of the gastric mucosa. This process may 
represent the mechanism by which isolated ulcers of the mucosa are 
establi.shed, when there is local reduction in the immunity of the mucosa 
to this autolytic activity. It is probable that the mucous secretion of the 
stomacli liy virtue of its capacity to combine with free acid forms the 
principal defense of the gastric mucosa against autolysis. 



LOOSE CARTILAGE FROiM INTERVER'J'EBRAL DISK 
SIMULATING TUiMOR OF THE SPINAL CORD* 


WALTER E. DANDY, H.D. 

IIALTIMORK 

1 he two loose cartilages here reported were disclosed at operation 
for presumed tumors of the cauda equina. In each instance the spinal 
canal was completely blocked as shown by the shadows of iodized oil 
40 per cent (figs. 1 and 2). The signs and symptoms were so rapidly 
progressive and the ])ain in the spinal column so severe that presumptive 
diagnoses of carcinoma of the vertebra were made. The fact that the 
two cases appeared only a few months a])art leads me to believe that 
the lesion may not be so infrequent, although a review of the literature 
has failed to disclose other cases of their kind. The lesion is a com- 
pletely' detached fragment of cartilage from an intervertebral (lumbar) 
disk and is surrounded by' serum. It bulges dorsally into the spinal 
canal as a tumor, and by' comjjressing the roots of the cauda equina 
causes motor and sensory' paralysis, loss of reflexes and of rectal and 
vesical control. The lesion is undoubtedly of traumatic origin. 

REPORT OF CASES 

Cash 1. — A spar.scly nourished man, aged 47, was referred by Dr. Lewellys F. 
Barker. Whether or not the past history was relevant to the present illness was 
not clear at the time. Three years earlier a tumor had been removed from the 
hand; a microscopic diagnosis of a .sarcoma was made. The scar on the hand, 
the regions of the epitrochlear and axillary glands, had since been treated inten- 
sively with radium. Subsequently an axillary gland was removed, but no sign of 
malignancy was discovered. Two years later, he consulted Dr. Barker because 
of convulsions which dated back two years. 

The patient was readmitted to Dr. Barker's service on May IS, 1928, with an 
entirely different complaint. Ten weeks before admission he had a severe attack 
of pain in the lumbar region and both hips; there was more pain in the right hip. 
The pain radiated down the back of both legs, with more pain in the right leg. 
After two months of e.xcruciating pain, it was necessary to resort to morphine 
for relief. Six weeks before admission to the hospital, a “dead feeling develope 
in both legs and gradually increased. Two weeks before, he was barely able to 
stand alone. Assistance was necessary to walk a short distance. One week be ore, 
retention of urine and feces developed; after that time he was catheterized tvicc 
daily. He lost 42 pounds (19.1 Kg.) in weight, IS pounds (6.8 Kg.) of " 
were lost in the last two months before admission. Pain in the lumbar region, nps 
and legs steadib' became more severe. 

On admission to the Johns Hopkins Hospital, the patient was found to 'a\c 
a total flaccid paraRsis below the knees. Except for feeble flexion and e.xtension 

* Submitted for publication, April 29, 1929. 

* From the Johns Hopkins University and Hospital. 
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<»f both legs at the hips, the legs were useless. Sensation was impaired tliough 
not entirely lost; sharp and dull stimulation were not differentiated. Vibratory 
sense was lost. Fle.xion and e.xtcnsion of the toes could not be differentiated, 
though the patient could fell which toe was touched. There was loss of sphincter 
control of feces and urine (retention of urine was complete). Marked tenderness, 
even to light pressure, was noted over the spine of the third and fourth lumbar 
\crtebrac. The lumbar muscles were in continuous strong spasm, klovements of 
the spine were painful, and even coughing intensified the pain. The patient was 
.i\erse to any movement, and fle.xion of the knee was painful. 



1 ig. 1 (case 1). — Shadow of iodised oil at the upper margin of the tumor 
caused by a loose cartilage of the intervertebral disk. 

1 he abdominal rcflc.xes were normal ; the cremasteric refie.xcs were not obtained, 
.ind the knee jerks were subnormal. The Achilles jerks were not obtained, and 
no .mkle clonns. The Babinski, Gordon and Oppenlieim tests were nega- 
ttu. bo \\ as'-enuann reaction of the blood was negative. Roentgenograms of 
llio hitiili.'ir .'•pint’ Merc 

1 brmieh a cisternal puncture. 0.5 cc. of iodized oil was injected. It stopped 
:d'ruptly at the let el of the third lumbar vertebra. 

/ n o/', rapidly progressive paralvsis. sensorv, motor 
•mn spin,u-,er. the severe pain and tenderness in the back, the great loss of weight 
imalh the h.Mort of a malicnant le.-ion of the band (doubtless iticorrect I led 
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me to suspect a metastatic lesion of the third lumbar vertebra, despite the absence 
of signs of destruction in the roentgenogram. 

Ot’Ciation. — It was decided to explore the lesion to be sure of its character, 
and if it was malignant to perform a chordotomy. The laminae of the third and 
fourtli lumbar vertebrae were removed. No change in the amount of extradural 
fat was observed. When the dura was opened, the roots of the cauda equina 
herniated markedly (fig. 3). The nerves were greatly injected, and because of 
this increased vascularity, oozing followed when they were touched. It was seen 



Fig. 2 (case 2). — Iodized oil shadow' at the upper margin of the tumor. 

that there was a sharp knuckle of the roots protruding backward. Abore and 
below this knuckle, there was a shai'p drop. Palpation revealed a hard tumor juio 
beneath the roots and pushing them through the dural opening. The roots we^^^ 
then retracted to the left, and a bulging tumor mass was seen. It was roun , 
as large as a big hazelnut (about 1.5 by 1 5 cm.) and entirely covered by 
seemed semifluctuant when touched with the point of the forceps.^ The 
was still thought to be malignant, even though the ventral dura was intact. 
some hesitation I thought it advisable to incise the dura, and much to rn\ surpn ^ 
a border of loose cartilage protruded through the opening (fig. 4). With 
the cartilage w'as picked up and delivered without resistance. It w'as rough 3 o' 
but crumpled. When straightened, it measured 2 by 08 by 03 cm. Its etg 



Fip. .■? — Draw ing siiow-ing the roots of the cavsda equina bulging backward. 



^ C.aiula cijuin.T reirnctid csposine: tumor on \entral surface of the c.anal. 

ii tumor Ins hccn mcised and the lotjsc cartilace is being dclircrcd. 
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were very irregular, almost serrated (fig. S). It had no attachments to the 
vertebral cartilage. Exploration of the cavity with a small curet revealed no 
additional sequestrums either of cartilage or of bone. A few drops of fluid escaped 
with the “floating cartilage.’’ On gross inspection, there was no evidence of bone. 

microscopic Report . — A few scattered cartilage cells in varying states of degen- 
eration were scattered through a pink-staining hyaline mass which was not entirclj 
homogeneous, but in places was broken np by scattered fibrils longitudinal]}’ 
arranged. There were no inflammatory changes. Ko round or polymorphonuclear 
cells appeared in the sections, and there were no hone cells or deposits of calcium. 

Postopcrath'c Course . — Recovery from the operation was uneventful. The 
pain, though immediately relieved, was not at once abolished. Gradually it became 
less and less, and in a few weeks ceased. Vesical control was regained in two 
weeks and rectal control four weeks after operation. Return of motor power 
began seven weeks after the operation (three weeks after leaving the hospital). In 
a letter written six months after the operation, the patient stated that he could 
walk long distances without support, and every week improvement continued 
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Fig. S. — Loose cartilage removed from patient in case 1. 

Subsequent History . — After the nature of the lesion was known, the recent 
history was again reviewed for trauma. The patient then recalled a severe, ® 
lumbar pain which came with a sudden jolt when he was riding horseback t rce 
months before, or about two or three weeks before the onset of his present il ness. 
He had forgotten the pain, since it disappeared after a few hours and ha no 
returned during the succeeding days. 

Case 2. — A large, robust man, aged 61, was referred by Dr. Eu^ne • 
Parsonnet of Newark, N. J., because of paralysis of the lower limbs. c ® 
been in perfect health until twelve weeks before, when he pushed his 1 

out of the driveway. Immediately afterward, a dull, heavy pain develope in ' 
small of the back. He went about his duties, and in a few days the pam ® ® 

A week later, without appreciable cause, a sudden excruciating pain struc 
lumbar region and radiated down the posterior aspect of both thighs. 
was so severe that he had to remain in bed for two or three days. i oie 
of the spine caused severe pains. A few days later, he was again rehe\e 
returned to work. Ten days after the second attack, he was seized twti ® 
and eren more severe pain at the same site and with the same referred istri 
-'\t this time (about a month after the first pain), he was seen by Dr. 
who noted the following: 1. The normal anterior lumbar curve "as nii 
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2. There were definite scoliosis of the lumbar spine to the right. 3. :Marked spasm 
of the erector spinae muscles. 4. Moderate tenderness at the third and fourth 
lumbar spinous processes. 5. The right knee jerk was diminished and the right 
ankle jerk absent. The patient was able to stand, but any movement elicited 
great pain. 

.•\n orthopedic consultant was called who advised stretching the sciatic nerves. 
This was done under deep anesthesia with ether. A plaster jacket ivas applied 
with the back in hyperextension. The spica extended to the toes of the right foot; 
the left leg was left free. On recovery from the anesthesia the patient was unable 
to void, but this was considered a sequel of the anesthesia. Tiiree days after 
application of the cast, loss of power developed in both feet; he was unable to flex 
the toes. A slight edema of the left ankle (not included in the cast) developed. 



Fig. 6. Remains of cartilage cells. There are no evidences of inflammation. 


Two days later (five days after the cast had been applied), he could not move 
his left leg (the right was in the cast) and there was incontinence of feces. On 
the following day, the cast was removed. 


A neurologist who was called in consultation noted the following: 1. There 
uas loss of deep and superficial sensation from the toes to the hips and loss of 
sensation around the anus, 2. The patient was unable to make any movements of 
wt ler foot or leg below the knee. He could flex and extend the leg at the hip. 

Us nas some improvement, for two days earlier he was reported to be unable 
to ina -c an\ movement of tiie leg. Paralysis was of the flaccid type. 3. Examina- 
tion o the reflexes showed the ankle and right knee reflexes absent, the left knee 
'diminished, and the abdominal and cremasteric reflexes were normal. 
. lerc was loss of vesica! and rectal control. 5. Tenderness persisted over the 
tin ant fourth lumbar vertebrae. A lumbar puncture was done; the fluid was 
colorless and registered 10 mm. of pressure with the mercurial manom- 
c er. )ui,u ar comprc.ssion (Queckenstedt test) caused tlie pressure to rise instantly 
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to 30 mm., and on release of jugular pressure, the fluid promptly fell to the 
former level. The cell count was normal and there was no increase of globulin. 

The patient was referred to me twelve weeks after the strain in the back and 
three weeks after the sciatic nerves had been stretched and the cast applied. The 
physical and neurologic observations were essentially the same as those just 
reported: 1. Sensation of every form was absent below the third lumbar segment 
but it was normal above this segmental level. 2. Flexion, adduction and c.\tension 
of the leg at the hips were possible but decidedly weak while abduction was absent; 
there was no movement at the knee, ankle and toes. 3. All reflexes were abolished 
at and below the knee. 4. There was complete loss of vesical and rectal control. 
Lumbar puncture showed definite xanthocliromia, the fluid having a greenish- 
yellow tint. The cell count was 10. The Queckenstedt test was negative, the 
column of fluid rising and falling with application and release of jugular com- 
pression. lodircd oil was injected ; it descended only the distance of half a 
vertebra, lodging at the level of the fourth lumbar vertebra (fig. 2). 

The only abnormality that could be detected in the roentgenograms (antero- 
posterior view only) was a supernumerary lumbar vertebra. The intervertebral 
disks appeared normal in size and shape. 

Prco{<cralivc Impression . — That a tumor completely blocking the spinal canal 
was present at the level of the third lumbar vertebra seemed certain. That there 
was a definite relationship to the “stretching” of the sciatic nerves because of the 
sensory, motor and sphincter loss that occurred promptly thereafter could hardly 
be questioned. But it was necessary to admit that there was a preexisting lesion 
which had caused the severe pain in the back and down the legs. Though a 
metastatic lesion of the vertebra was suspected, no destruction of bone could be 
seen in the roentgenogram and no primary carcinoma could he found, though 
carefully sought. The true nature of the lesion was not suspected. 

Operation . — Laminae of the fourth and fifth lumbar vertebrae (corresponding 
to the normal third and fourth) were removed under rectal ether anesthesia. 
Before the dura was opened, one could feel a hard mass about 1.5 cm. long, u 
when it was opened no tumor was visible. The roots of the cauda equina covere 
the exposed field. However, a sharply defined hillock of the cauda equina pushe 
backward, and under it one could still feel tumor of bony hardness. The roots o 
the cauda equina were definitely reddened and swollen. The cauda equina 
was retracted from the right side with a blunt dissector and a well 
scribed bulging extradural mass was at once visible; it crossed the mi n^ 
posteriorly but was more on the right than the left. The mass was white, en’o 
covered with intact dura. When pressed firmly with the end of the orceps ^ 
seemed to fluctuate; at least it was soft in the center where it gave 
pointing. At once the picture of case 1 was recalled to mind for t e 
appearance of the swelling was the same in both cases. The dura ^ 
tudinally for a distance of about 1 cm. It was entirely avascular, . 
loose cartilage projecting into the dural opening was picked up with t e ^ 
and easily delivered (fig. 7). It was entirely' unattached and no force was 
to w’ithdraw' it. A few drops of fluid escaped with the floating cartilage. ^ 
exploration of the cavity was not attempted. The borders of the carti 
irregular; there w'as no sign of infection, no redness of the carti age 
redness of the dura which covered the tumor. No fragments of bone were 
attached to the cartilage. The cut edges of the dura sank hack into t le “ 
from which the cartilage was removed. The knoll of the cauda equina 
disappeared. The alinement of the vertebrae was normal. 
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Microscopic Report.— Exactly the same microscopic picture presented as in the 
preceding case. A few scattered cuts of cartilage were present, though in varying 
degrees of preser%'ation. There was no cellular reaction indicative of an inflam- 
mation. 

Subsequent Note.— The patient’s recovery from the operation was uneventful. 
Urinarj control returned ten days, and rectal control one month, after operation. 
Some sensation had returned within a month. He was beginning to walk four 
months after operation. Doubt of eventual complete recovery of motor function 
as m case 1 can scarcely be entertained, for the nerves are intact and apparently 
unm}ured. 

ANALYSIS OF CASES 

In each case a large fragment of the intervertebral cartilage had 
become detached and was acting as a sequestrum. The reaction to the 
“foreign body” caused a swelling which bulged dorsally into the spinal 
canal (fig. 8). Pressure on the roots of the cauda equina then produced 
paralysis of all function below the nerve level of the tumor and through 
edema some function was lost for distance above the tumor. 



Fig. 7. — Loose cartilage removed from patient in case 2. 

1 he detached cartilage is almost certainly the result of trauma, but 
a relatively trivial trauma. In the first case no historj^ of trauma was 
given voluntarih- ; it was elicited only' after trauma was suspected. The 
trauma in the second case was almost surely' the slight wrench caused 
by {lushing an automobile. Several attacks of pain identical in both 
character and location were again induced by slight trauma before the 
advent of jiaralysis, and the location of the pain remained the same 
after the paraly'sis developed. The severe trauma incident to “stretching 
the .sciatic nerves’ and to placing the body' in the cast with the lumbar 
region fle.vcd undoubtedly caused the lesion to fulminate and {iromptly 
to icach the stage of tumor formation some time in advance of the 
normal course of events. 

1 he preoperative diagnosis of a lesion in the vertebra could hardly' 
he questioned in either case, because the slightest movement of the 
lmv(>r ])art of the spine always brought on or intensified the pain. 
. lorcn\er. the tense spasm of the erector spinac muscles and the sharply 
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localized severe tenderness of the spinous process oi?ered supporting 
evidence of the strongest kind. In these respects the lesion is hardly 
different from carcinoma of the vertebra. In either condition, only the 
recumbent posture could long be tolerated. 

In both patients, the pain radiated down the back of both legs but 
usually down one more than the other. The side most involved proved 
to be the side of the greater bulge of the tumor. These facts lead one 
to wonder whether bilateral sciatic pains do not in most instances indi- 
cate a lesion affecting the spinal cord or cauda equina, more frequently 



Fig. 8.— Sketch to show conception of position and manner of formation of 
loose cartilage projecting into the spinal canal and compressing the cauda equina. 

the latter. These cases at least offer pathologic evidence of a definite 
lesion inducing symptoms of so-called sciatica with its all too meager 
pathology. 

That the floating cartilage in each of these cases was in the lumbar 
region is doubtless significant. The maximum effects of shocks and 
of torsion of the body are transferred to the lumbar spine. As protec- 
tion against shocks, the intervertebral disks attain their greatest size 
in the lumbar region. That the lesion occurs about the middle of the 
lumbar spine is probably also because of an additional point of least 
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resistance, for here the maximum part of tlie anterior lumbar curve 
is attained. Certainly movable vertebrae on a cur\'e offer the maximum 
opportunity for localized effects of trauma. 

That the lesion occurs on the posterior instead of on the anterior 
aspect of the lumbar vertebra is probably also significant. The normal 
anterior curvature of the lumbar spine would be expected to throw 
greater localized effects of trauma on the posterior side of the disk. 
In other words, the cartilage should be more readily pinched posteriorly 
than anteriorly. Then, too, the relatively thin and incomplete posterior 
ligaments of the lumbar spine should more readily jiermit j^rotrusion 
of a tumor in the intervertebral disk than the stronger and complete 
anterior ligament. Whether a loose cartilage could push through the 
strong and firml}- attached anterior ligament can only be conjectured. 
There is as yet no evidence that a loose cartilage forms onl}' in the 
posterior part of the disk though it may well be possible. From the 
size of the extended cartilage as seen at operation, it is hardly possible 
that more than a third or at most a half of the anteroposterior diameter 
of the disk can be involved. 


Finally, in both instances the tumor jjrcsented not in the midline 
but to one side. Doubtless the explanation for this fact is that the 
posterior common ligament is defective laterally along the lumbar spine. 
Since the lesion is of traumatic origin it is probably not without signifi- 
cance that both of these patients arc men. It is also not improbable 
that the additional lumbar vertebra in one patient may have had some 


part in making the lumbar spine susceptible to injury. 

Emphasis has been placed on the seemingly trivial injuries that cause 
the cartilaginous sequestrum formation. It is not improbable that the 
repetition of minor traumas may, at times, at least, be an important 
factor. The history of the repeated attacks in case 2 suggests this 
possibility. There must be many instances in which the intervertebral 
cartilage sustains the degree and character of injury experienced in 
these two cases, and yet subsequently heals instead of going on to 
sequestration. It is difficult to believe that the complete detachment of 
the cartilaginous fragment does not require considerable time, and that 
with proper rest and fixation of the spine this outcome may be avoided. 
A remarkable contrast in the disposition of fragments of intervertebral 
cartilage is presented by severe fracture dislocations of the spine. There 
the cartilage is badly torn and frequently fragmented, but in the process 
of healing it is organized with bone and fibrous tissue into a solid mass. 


he x-ra}' has disclosed nothing in either of these cases. After 
t re character of the lesion was known, the roentgenograms were again 
inspected, with negative results. However, only anteroposterior views 
rreie taken before operation, and positive signs would hardly be 
expected from this view. However, shortly after operation on the 
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Second patient, lateral stereoscopic views of the affected part of the 
spine were taken, and not the slightest defect could be seen. The absence 
of bone in the sequestrum might well preclude the delineation of the 
tumor. 

DIAGNOSIS 

It is not difficult to arrive at the diagnosis of a tumor of the cauda 
equina because of the progressive paralysis — sensory, motor and sphinc- 
ter- and loss of reflexes. The rapid progression of these signs and 
the severe pain in the back, the rigid lumbar spine due to spasm of 
the erector spinae muscles and the marked tenderness over the spinus 
processes and laminae of the lumbar vertebrae are such as to make 
metastatic carcinoma of the body of the vertebra the most likely 
diagnosis. The absence of roentgenologic changes in the body of the 
vertebra would appear to carry much importance in the differential 
diagnosis between this lesion and metastatic carcinoma or sarcoma of 
the body of the vertelira. The malignant lesions are almost the only 
ones that offer difficulties in differential diagnosis. 

■Aside from the negative roentgen changes in the body of a vertebra, 
there seems to be no absolute differential objective evidence. Even 
the clinical and microscopic examinations of the cerebrospinal fluid may 
show no differences, for both lesions are extradural. Each may give 
a mild degree of xanthochromia and globulin increase. Both give a 
negative reaction to the Queckenstedt test if the block is caudal to the 
point of entry of the needle, and both show a complete block at the 
upper level of the tumor when iodized oil is injected. 

In the differential diagnosis two considerations are all-important: 
(1) to make the clinical diagnosis of carcinoma only on absolute evi- 
dence, i. e., microscopic or roentgenologic, and (2) to atcept the 
operative diagnosis of a malignant condition only on positive evidence. 
My willingness to accept suggestive evidence of malignancy nearly 
deprived the first patient of the opportunity of having the lesion 
explored. In fact, had he not been eager to grasp the faint hope which 
an operation offered, the lesion would not have been disclosed. Even 
at operation the bulging mass from the body of the vertebra was at 
first considered so surely malignant that there seemed little reason to 
open the tumor. 

The order of return of the various functions is most interesting. 

In both cases the vesical control returned completely in about ten days. 
Rectal control returned in about one month in each instance. Sensation 
gradually returned in about a month, but motor power made no imimove- 
ment whatever until from seven to eight weeks after the operation in 
the first case, and at the end of the second month the motor power 
had not yet returned in the second patient. In the first case the motor 
improvement came slowly and continued for several months. 
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RESEMBLANCE OF THIS LESION TO OSTEOCHONDRITIS DISSECANS 
OR TRAUMATIC JOINT-JIICE 

Superficially at least, the loose vertebral cartilage appears to resemble 
tlip loose cartilage of the knee, elbow and ankle joint following osteo- 
chcndritis dissecans described by Kdnig in 1888. The}' differ in that 
fragments of bone were not attached to the cartilage in either of my 
cases. The environment too is greatly different in that there is no 
cavity — even potential — as in the knee and elbow joints. More common 
in the knee joint than elsewhere, this condition has come to be recognized 
as a clinical entity, but the dividing line between osteochondritis dis- 
secans and other joint-mice appears to be none too sharp. The 
distinction is usuall}' made that in osteochondritis dissecans the loose 
bodies occur singly or at most in pairs, and that there is no evidence of 
inflammatory joint involvement elsewhere. Konig ’ could find no evi- 
dence of traumatic or constitutional origin and for that reason 
considered them to represent a distinct pathologic process. Barth - 
thought they were purely of traumatic origin. Ludloff, who first 
diagnosed them by roentgenograms and treated them surgically, thought 
that they were due to occlusions of end-arteries. Other authors 
(Freiberg and Wooley,* Ridlon,* Codman,'’ Weil,*’’ Anglin ' and Troell 
have come to no more definite conclusion. Biidinger ” (1907), Axhau- 
sen “ (1914), Kappis ” (1920) and Brackett and HalO- (1917) were 
more positive of their purely traumatic origin. They also called attention 

1. Konig: Ueber freie Korper in den Gelenken, Deutsche Ztschr. f. Chir. 
27:S0, 1888. 

2. Barth: Die Entstehung und das Wachstum der freien Gelenk-Korper, 
Arch. f. kitn. Chir. 56:507, 1898. 

3. Freiberg and Wooley: Osteochondritis Dissecans, Am. J. Orthop. Surg. 
8:477, 1910. 

4. Ridlon: Osteochondritis Dissecans, J. A. M. A. 61:1777 (Nov. 15) 1913. 

5. Codman, E. A. : Formation of Loose Cartilages in the Knee Joint, Boston 
M. & S. J, 149:427, 1503. 

6. Weil, S. : Ueber doppelseitige symmetrische Osteochondritis dissecans, 
Beitr. z. klin. Chir. 78:403, 1912; Ztschr. f. Chir. u. Mech. Orth., July, 1912. 
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9. Biidinger: Ueber traumatische Knorpelrisse im Kniegelenk, Deutsches 
Ztschr. f. Chir. 92:510, 1907. 

10. Axhausen : Die Entstehung der freien Gelenk-Korper und ihre Bezie- 
hungen zur .Arthritis deformans, Arch. f. klin. Chir. 104:581, 1914. 

11. Aappis; Osteochondritis dissecans und traumatische Gelenkmause, Deutsche 
Ztschr. f. Chir. 157:187, 1920. 
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to the fact that the injury may be slight and repeated. The present 
trend of opinion seems to be that the term osteochondritis dissecans is 
a misnomer (for there is no evidence of inflammatory character), and 
that it is better to classify these loose bodies under traumatic joint-mice. 

SUMMARY 

1. Following slight (or repeated) trauma a fragment of an inter- 
vertebral disk may become detached, and eventually bulge into the spinal 
canal as a tumor. The “tumor” is composed of the cartilage and fluid 
formed by reaction to the foreign bod}'. 

2. Two instances of this lesion are reported, both being disclosed 
at operation. Both are in the midlumbar region, and both occurred in 
men during the latter half of life. 

3. The trauma at onset is relatively trivial and perhaps repeated. 
The lesion is probably similar to osteochondritis dissecans or traumatic 
joint-mice of the elbow and knee joint. 

4. The early symptoms are those of localized vertebral pain plus 
bilateral sciatica — one side being aflfected more than the other. Later, 
the symptoms are rapidly increasing paralysis, sensory and motor paral- 
ysis and loss of urinary and vesical control and of reflexes — all due 
to compression of the cauda equina. 

5. The signs and symptoms suggest carcinoma of the vertebra. This 
preoperative diagnosis was made in both cases. 

6. This lesion offers a pathologic basis for cases of “so-called 
sciatica,” e-specially bilateral sciatica. 

7. The lesion is cured by operative removal of the cartilage. 
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The theory of renal counterbalance was introduced by Hininan ^ in 
1922. Before this article appeared, little, if anything, had been written 
concerning the possibility of renal atroph)’’ of disuse, and according to 
Hinman this t 3 -pe of renal atrophy was a new conception, even though a 
similar process had long been recognized in other organs, such as muscle 
and bone. It is remarkable that a conclusion had not been crystallized 
concerning atrophy of disuse when applied to the kidney. Indeed, the 
subject seems to have been unnoticed until Hinman applied it as the 
basis for his theory of renal counterbalance. 

According to this theor}’, a kidney, after sustaining a temporary 
injury, as, for example, a temporary period of ureteral obstruction 
causing hydronephrosis, will go on to complete or almost complete 
atrophy if allowed to function in competition with its hypertrophic mate. 
Thus, if the ureter of a kidney is obstructed for two or three weeks, 
this kidney becomes hydronephrotic and its mate undergoes hypertrophy. 
If at the end of this time the obstruction to the ureter is relieved, the 
hydronephrotic kidney supposedl}' will be placed at a distinct disad- 
vantage. According to the theory of renal counterbalance, the kidneys 
enter into functional competition and the weaker kidney eventually goes 
on to complete or almost complete atrophy. In the words of Hinmati : 

The healthier side will graduallj' undergo a compensatory hypertropliy which 
may he so capable of counterbalance as to render the work of its weak assistant 
unnecessary, disuse atrophy of which will progressively occur. The reapportion- 
ment of functional activity after the alteration occurs by a competitive type of 
anatomic compensation.” 

He also stated ; 

An animal cannot live after opposite nephrectomy, with a repair hydronephrosis 
o onger than from two to three weeks. Any repair hydronephrosis, even of 

Submitted for publication, May 21, 1929. 

From the Laboratory of Surgical Research and the Department of Pathol- 

??■’,. Lakeside Hospital and the Western Reserve University School of 
-\ledicme. 

Counterbalance: An Experimental and Clinical Study 
sL’r- Significance of Disuse Atrophy, Tr. Am. Ass. Genito-Urin. 

g. .-41, 192- ; Renal Counterbalance, Arch. Surg. 12:1105 (June) 1926. 
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two weeks, will usually eventuate in complete atrophy if the opposite kidney 
remains healthy and undisturbed. . . 

The experiments quoted by Hinman on which this theory is based, 
although numerous and variegated, are somewhat inconclusive. The 
following two experiments are taken from Hinman’s monograph and 
seem to have the most direct bearing on the subject. The author stated 
that he has carried out similar experiments, but unfortunately they were 
not completely reported in his publication. 

Experiment 5. — Late atrophy of hydronephrotic repair; ureteral obstruction 
of twenty-one days ; repair period of 249 days. 

“Dog 5, weighing 20 pounds (9 Kg.). 

There was a complete obstruction of the left ureter for twenty-one days. 
After a ureterocystoneostomy, and a drainage period of 249 days, the urine was 
free from bacteria and pus. The dog was killed, under ether, with preliminary 
functional study. The appearance time of phenolsulphonphthalein was four min- 
utes for the right kidney, and eight minutes for the left. In the first fifteen 
minutes, 25 per cent of the dye was excreted by the right kidney, and S per cent 
by the left; in the second fifteen minutes, 20 per cent by the right kidney and 
2.5 per cent by the left, the total excretion for the first half-hour being 45 per 
cent for the right kidney and 7.5 per cent for the left. At necropsy, the left 
kidney weighed IS Gm. ; the right, 48 Gm. The ureter was freely patent. There 
was no pelvic dilatation on section and no evidence of infection. [An illustration] 
shows that the left kidney was reduced to one third its size; and that, even in 
the gross, cortical atrophy was quite marked.” 

“Experiment 8. — Thirty days left hydronephrosis; left ureterocystoneostomy; 
seven days later, partial obstruction of right ureter. Killed in 390 days. 

“Dog 8, a male shepherd, weighing 42 pounds (19.1 Kg.). 

"Nov. 1, 1920, ligation of left ureter. 

“Blood urea nitrogen, 18 mg. per hundred cubic centimeters; nonprotein nitrogen, 
34 mg. per hundred cubic centimeters; phenolsulphonphthalein, 70 per cent in two 
hours. . . . 

“December 2, left ureterocystoneostomy. 

“December 9, partial ligation of right ureter. Under ether anesthesia and sur- 
gical asepsis, the abdomen was opened in the midline just below the umbilicus. 

“. . . The right ureter was identified in its bed as low down as possible 

without disturbing the recent operative area behind the bladder. A short length 
of ureter was freed in an area about 3 cm. from its point of entry into the 
bladder, and a rubber band 2 mm. wide was placed around it and stretched. The 
ends of the band thus stretched were tied with silk so as to form a moderate 
constriction of the ureter. . . . The animal recovered slowly from the opera- 
tion. . . A month after operation, he seemed quite normal and ate normal 

amounts. 

“Nov. 29, 1921, . . . urea nitrogen, 26 mg. per hundred cubic centimeters; 
nonprotein nitrogen, 49 mg. per hundred cubic centimeters, and creatinine, 1.93 
mg. per hundred cubic centimeters. 

“Jan. 4, 1922, killed. Necropsy : The dog was in excellent condition ; the weight 
was 42.5 pound’s (19.3 Kg.). ... The animal had been passing well formed 
stools and clear urine. Phenolsulphonphthalein, the first hour, was 53 per cent; 
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the second Iiour, 20 per cent. Blood urea nitrogen was 21 mg. per hundred cubic 
centimeters ; nonprotein nitrogen, 41 mg. per hundred cubic centimeters. The dog 
was killed with ether. 

“ . . . The abdominal organs, except for the genito-urinar}’ tract, presented 
no lesions whatev'er. The heart was not enlarged and showed no pathologic altera- 
tions. The lungs were clear. A sample of urine from the right ureter was clear 
and showed a considerable amount of pigment. The urine from the left ureter 
was cloudj'. It showed an equal amount of pigment. . . . 

“The left kidney was normal in shape and slightly' enlarged. It collapsed readily 
at the hilum with pressure, showing a slight degree of hydronephrosis. The 
ureter of the kidney was very large, being 1 cm. in diameter. It was not tortuous. 
Its opening lay' in the midline of the bladder posteriorly and was fully' patent. 

. . . The right kidney' was very large and had a very thin wall. There was 
a crescentic nodule of parenchyma at its upper pole U/z cm. thick and 7 cm. long. 
In all other areas, the wall was of paper thinness. The ureter was slightly' larger 
than that of the opposite side. It was 1.3 cm. in diameter. It was much thinner 
than the left ureter and very tortuous. Near the bladder, it presented an obstructed 
area, at which point the rubber hand, placed Dec. 9, 1920, was localized. Bey'ond 
this, it was of normal diameter. The right ureterovesical orifice through which 
this ureter opened was nonnal in all respects. . . . Gentle pressure on the 
hydronephrotic sac caused a flow of fluid through this ureteral orifice. The wall 
of the bladder was normal in appearance. . . . The respective sizes and 
weights of the two kidneys were as follows : 

Depth 

I.ength Width (Hilum to Pelvic 

(Pole to Pole) (Side to Side) Gre«'itcr Curve) Weight Capacity 

Left kidney.... 6.95 cm. 2.5 cm. 3.0 cm. 47 gm. 5 cc. 

Right kidney... 16.00 cm. S.O cm. 7.5 cm. 52 gm. 400 cc. 

(empty) 

‘The nitrogen content of the urine from the left kidney was : urea nitrogen 
0.0045 Gm. in 1 cc. ; nonprotein nitrogen, 0.0065 Gm. in 1 cc. The nitrogen con- 
tent of the urine from the right kidney was: urea nitrogen, 0.0039 Gm. in 1 cc. ; 
nonprotein nitrogen, 0.0068 Gm. in 1 cc.*^ 

In the first of the foregoing experiments, a kidney injured by a com- 
plete ureteral obstruction lasting twenty-one daj'S has in a period of 
repair of two hundred and forty-nine days become an organ weighing 15 
Gm., which is about one-third the weight of its hypertrophic mate. 
Although the excretion of phenolsulphonphthalein was only 7.5 per cent 
in one-half hour, still, the experiment can hardly be considered as one 
in which the injured kidney has gone on to complete atrophy. Whether 
this kidney would liave become completely atrophied after a longer 
period of competition, it is impossible to say. Oiir experiments do not 
indicate that this would have occurred. .The second experiment shows 
that a markedl}' damaged hydronephrotic kidney possesses a remarkable 

power to undergo repair and hypertroplty if the functional demand is 
placed on it. 

Should the theory of renal counterbalance become established, its 
c mical application would he of far-reaching importance. It would play 
a role in many types of renal surgerj', for if the injury to one kidney 
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were continued over a sufficiently long period of time to allow the oppo- 
site kidney to become fully hypertrophied, the injured kidney would 
eventually go on to complete atrophy even though the injurious agent 
were removed. It would be useless, therefore, to carry out plastic opera- 
tion on a hydronephrotic kidney if its mate had become fully hyper- 
trophied. The plastic operation would have to he supplanted by a removal 
of the hydronephrotic .kidney, since any operation for the relief of an 
obstruction would be useless so far as restoration of function in that 
kidney would be concerned. The theory would find application also in 
cases of unilateral stone in which there was destruction of parenchyma 
in the iu’s'olved kidney and accompanj'ing ly'pertrophy in its mate. The 
operation of pyelotomy or nephrotomy would be supplanted here by 
nephrectomy. Also in the treatment of bilateral nephrolithiasis the 
period of time between the operations for the removal of the stones from 
each kidney should not be long enough to allow one kidney to undergo 
hypertrophy. 

EXPERIMENTAL TECHNIC 

The experiments reported in this paper were conducted on healthy dogs and 
were of three types. A kidney (in our experiments always the right) was dam- 
aged by producing a complete ohstructfon of its ureter. The obstruction was 
temporary and its duration varied from twelve to nineteen days. In one group 
of experiments the animals were killed at the end of the period of obstruction so 
that the changes in the obstructed and nonobstructed kidneys could be studied. In 
all the other experiments, the right ureter was implanted into the bladder after 
the temporary period of obstruction. In one group of these experiments the hyper- 
trophied mate was removed several days after the obstruction was relieved, while 
in another group the hypertrophied kidney was allowed to remain undisturbed. 

In all the experiments, observations of the gross and of the histologic changes 
in the kidneys were made. Only those experiments are reported in which there 
was no evidence of renal jnfection or in which there was simply a mild degree 
of pyelonephritis. In practically all the e.xperiments, preoperative and postoper- 
ative studies of the blood urea were made. 

Each operation was carried out under strictly aseptic precautions. Open ether 
anesthesia was used, preceded by a subcutaneous injection of 0.015 Gm. of mor- 
phine. The operative procedures are described in detail in the following para- 
graphs, and to avoid repetition will be referred to in the protocols only by name. 

Ligation of Urcter.—The abdomen was opened through a suprapubic midline 
incision about 4 cm. long. The bladder was brought into the wound, and the 
right ureter was isolated close to the bladder. Here the ureter was doubly ligated 
with silk and cut between ligatures. The structures were replaced in the abdom- 
inal cavit}', and the wound was closed in layers with silk. 

Imflaniation of the Ureter into the Bladder.— The liydroncphrosis was relieved 
in each experiment by implanting thd ureter into the bladder. The abdomen uas 
opejied through a right rectus incision. The bladder was elevated into the wound, 
and the proximal end of the ureter was isolated. It was dissected free for about 
2 cm. ; its ligated end was excised, and, after allowing the urine to drain off, the 
end of the ureter was split longitudinally for about 0.5 cm. A suture of fine 
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catgut was placed in each end of the split ureter. An incision about 6 mm, long 
was made through the posterior wall of the bladder, and through this opening 
the ends of the ureter were inserted. The split ends of the ureter were then 
separated in opposite directions and the sutures of catgut were completed by 
passing each end through the wall of the bladder and were tied. The incision 
in the wall of the bladder was closed around the ureter and one or two sutures 
were passed between the bladder and the adventitia of the ureter. Care was talcen 
to avoid obstruction at the new ureteral orifice. The structures were replaced 
in the abdominal cavity and the wound was closed in layers with silk. 

Nephrectomy.— T \k left kidney was removed through cither a left rectus or 
a left lumbar incision. The kidney was freed and delivered ; the ureter and renal 
vessels were doublj' ligated and cut between ligatures. The wound w'as approxi- 
mated in layers with silk. 

EFFECTS ON KIDNEYS OF THIRTEEN TO SIXTEEN DAY PERIODS 
OF UNILATERAL COMPLETE URETERAL OBSTRUCTION 

Protocol 1. — In dog A 51, a male mongrel, weighing 17.9 Kg., hydronephrosis 
was produced ior sixteen days. 

Sept. 23, 1927 : The right ureter was ligated. 

October 9; The dog was killed to obtain specimens of the kidneys after 
sixteen days of complete ureteral obstruction. The results of the general necropsy 
were negative. The right kidney show'ed a marked degree of hj-dronephrosis and 
dilatation of the ureter. The left kidney shotved compensatory hypertrophy. The 
weights and measurements of the kidneys w'ere: 



Right 

Left 

Weight 

59.0 Cm. 

76,8 Gm. 

Length 


7.5 cm. 

Transverse diameter.., 


5.2 cm. 

Anteroposterior diameter 


3.6 cm. 

Capacity of pelvis 


3.5 cc. 

Cortex 


10.0 mm. 


The appearance of the kidneys is shown in figure 1. The pyelogram of the 
right kidney (fig. 2) showed a marked dilatation of the pelvis, calices and ureter, 
and a definite thinning of the parenchyma. The pyelogram of the left kidney 
W’as normal. 

Histologic Observations . — In the left kidney, there was a diffuse hyperemia, 
particularly of the glomeruli which appeared very large, with occasional collec- 
tions of serum precipitate in the capsular spaces. 

In the right kidney, the glomeruli appeared concentrated in comparison to their 
distribution in the left kidney. The glomerular tufts show'ed no pathologic change, 
but occasionally there were small amounts of serum precipitate in the capsular 
spaces. There were patchy areas of tubular dilatation and w'idespread tubular 
atrophj. The tubular dilatation w’as most marked in the superficial zope of the 
corte.x which w'as also the seat of interstitial fibrosis. 

Protocol 2. In dog A 52, a white female mongrel, w’eighing 12.4 Kg., hydro- 
nephrosis was produced for fourteen days. 

Sept. 29, 1927 ; The right ureter was ligated. 

October 13; The dog w’as killed to obtain specimens of the kidneys after 
ourtecn days of complete ureteral obstruction. The results of the general 
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had a granular basophilic appearance with fragmentation and pvknosis of nuclei. 
In some instances, only a small fragment of the tuft was left intact and the 
capsular space contained a large amount of granular debris. There was wide- 
spread collapse and atrophy of tubules, which was particularly prominent in the 
superficial zone of the cortex. There was some slight diffuse increase of inter- 
stitial connective tissue. 

Protocol 3.— In dog A S3, a male mongrel, weighing 12.7 Kg., hydronephrosis 
was produced for fourteen days. 

Sept. 29, 1927 : The right ureter was ligated. 



Fig. 2. Pyelograms of kidneys after complete obstruction of the right ureter 
for si.xtecn, fourteen, thirteen and thirteen days, respectively. 


October 13: The dog was killed to obtain specimens of the kidneys after a 
period of fourteen days of complete ureteral obstruction. The results of the 
general necropsy were essentially negative. The right kidney was distinctly hydro- 
TI^ dilatation of the ureter. Its urine showed no evidence of infection. 

le eft kidney appeared to be hypertrophic. The rveights and measurements of 
tile kidneys were: 

... . , Right Left 

•■’I-'* Gm- -17.0 Gm. 

.. •. . -ocm 

Anteroposterior diameter 2.4 cm. 2.9 cm. 

'*•0 mm. 7.0 mm. 

The appearance of the kidneys is shown in figure 1. 




Fig. 4.— Cortex of right kidney of dog A 53, protocol 3, showing a part'a"-'' 
necrotic glomerular tuft and many atrophic, collapsed tubules. There is a ' '' 
increase in interstitial fibrous connective tissue and dilatation of the loops o 


Henle ; X 65. 
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Histologic Obscn-atioiis.—The glomeruli in the left kidney appeared larger than 
normal, and the tufts were distended with red blood cells. Iklany glomeruli 
showed collections of serum precipitate in the capsular spaces. The tubules 
appeared normal e.xcept for swelling and granularity of the epithelium. The 
interstitial tissue was moderately edematous. Both corte.x and medulla were 
hyperemic. 

In comparison to the left kidney, there appeared to be a concentration of 
glomeruli in the right kidney, especially in the superficial zone of the cortex. 
Some of the glomeruli appeared normal, but a great many manifested varying 
degrees of degenerative changes ranging from pyknosis of a few nuclei to necrosis 
of the entire tuft (fig. 4). There was marked tubular atrophy, many of the 
tubules being represented only by a small solid group of epithelial cells surrounded 
by a basement membrane. Occasional dilated tubules were seen. There was dif- 
fuse increase of interstitial fibrous connective tissue which was most pronounced 
in the medulla and in the cortex corticis. 

Protocol 4. — In dog .4. 54, a young male hound, weiglting 9.8 Kg., hydro- 
nephrosis was produced for thirteen days. 

Sept. 30, 1927 ; The right ureter was ligated. 

October 13: The dog was killed to obtain specimens of the kidneys after a 
period of thirteen days of complete ureteral obstruction. The results of the gen- 
eral necropsy were negative. The right kidney was large and hydronephrotic and 
the ureter was dilated. The urine from this kidney showed no evidence of infec- 
tion. The left kidney appeared to be normal but somewhat hypertrophic. The 
weights and measurements of the kidneys were: 



Right 

Left 

Weight 

48.5 Cm. 

61. S Gm. 

Length 

7.5 cm. 

6.8 cm. 

Transverse diameter 

4.8 cm. 

5.0 cm. 

Anteroposterior diameter 

2.0 cm. 

2.7 cm. 

Cortex 


6.0 mm. 

Capacity of pelvis 

SO.O cc. 

: appearance of the kidneys is shown 

in figure 1. 

The pyelogram of the 


right kidney (fig. 2) showed a very marked degree of hydronephrosis with a thin 
parenchyma. The pyelogram of the left kidney was normal. 


Histologic Observations. — The glomeruli in the left kidney were large and 
the tufts hyperemic and usually completely filled the capsular spaces. The cap- 
sules occasionally contained a small amount of serum precipitate. There was 
moderate parenchymatous degeneration of the tubular epithelium. Both cortex 
and medulla were intensely hyperemic, and the tubules were widely separated by 
distended capillaries and edematous interstitial connective tissue. ' 

The changes in the right kidney were essentially the same as those in the 
right kidney of dog A 53 (protocol 3), except that there was more widespread 
egencration of glomeruli and many glomeruli with normal appearing tufts showed 
pro iferation of capsular epithelium. The pyramids were the seat of pronounced 
tubular atrophy and fibrosis. 


Protocol 5. In dog A 55, a young female hound, weighing 8.7 Kg., hydro- 
nephrosis was produced for thirteen days. 

Sept. 30, 1927 ; The right ureter was ligated. 

October 13: The dog was killed for specimens of the kidneys after a period 
o urtcen days of complete ureteral obstruction. The results of the general 
necropsy were negative. Tiie right kidney was markedly hydronephrotic, and its 
lire er was dilated. The urine showed no evidence of infection. The left kidney 
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was darker and more congested than the right and appeared to be hypertrophic. 
The weights and measurements of the kidneys were; 

Left 

A6 0 Gm 
6 6 cm 
3 4 cm. 

2 6 cm. 

8 0 mm 

The appearance of tJie kidneys is shown in figure 1. The pyclogram of the 
right kidney (fig. 2) sliowed a marked degree of liydronephrosis. The pjelogram 
of the left kidney was normal. 

Histologic Obsovations. — Left Kidney: The glomeruli were large, and the 
tufts were plump and in most instances filled their capsules. Occasional glomeruli 
showed partial necrosis of the tuft, manifested by loss of nuclei with granular 
degeneration of the cytoplasm. There was a moderately severe parenchymatous 
degeneration of the tubular epithelium The interstitial tissue was edematous and 
hyperemic. 


Itiglit 

Weight .15 0 Gm 

Length g 2 

Transverse diameter., . ... 4 8 cm 

Anteropostenor diameter.. . . 2 4 cm 

Cortev . 5 0 mm 

Capacity of peivjs SO 0 cc 


Table 1 — Data on Dogs FoUozo'nig UnUaicial Conijikto Ureteral Ohsi> nctwn 




Duration 







of Complete 

Wciglit 


Percentage 



Obstruction 

o{ Kidoevs, Gm 

ol Total Renal Mass 



ot Rigitt 


Lett 

— A 

Lett’ 


Protocol 

Ureter, Days 

Right 

Eight 

1 

(Dog A ol) . 

10 

59 0 

70 S 

43 4 

60 0 

2 

(Dog A 52)... 

14 

o3 4 

50 0 

40 7 

50 3 

s 

(Dog A 53). .. . 

14 

31 4 

47 0 

40 0 

600 

4 

(Dog A 54) 

13 

48 5 

61 8 

43 0 

501 

5 

(Dog A 55). . 

13 

45 0 

400 

491 

50 5 


In the right kidney, there was a concentration of glomeruli in the suhcapsnlar 
zones of the corte.x and many of them were partially or completely necrotic. The 
tubules were predominantly atrophic although a few’ distended loops were seen 
Parenchymatous degeneration of tubular epithelium W'as present In general, the 
sections appeared very similar to those from the right kidneys of dogs A 53 and 
A 54 (protocols 3 and 4). 

These five experiments are recorded to show the effects on the kid- 
zreys of periods of from tliirteen to sixteen days of unilateral complete 
ureteral obstruction. It can be seen from the descriptions and illustra- 
tions (figs. 1 and 2) that a fairly marked degree of hydronephrosis and 
renal damage was produced by the ureteral obstruction. The relatively 
slight differences in weight between the hydronephrotic right kidney and 
the hypertrophic left kidney are striking and especially interesting when 
compared with tlze relatiz’e weights of the kidneys of some of the other 
experiments. 

A summarj’ of the histologic changes observed in this group of 
experiments follows; 

The undisturbed left kidneys of these animals were fairly nniform m 
their histologic appearances. Both cortex and medulla were intense!} 
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liyperemic with considerable interstitial edema, particularly of the cortex. 
The glomeruli were large, and the hyperemic tufts tended to fill their 
capsular spaces. The presence of serum precipitate within the 
glomerular capsule was a common occurrence. 

The obstructed right kidneys showed considerable variation in the 
extent of the pathologic changes. The earliest change was manifested in 
the tubules and interstitial tissue (fig. 4). Dilatation as well as atrophy 
and collapse of tubules, with interstitial edema, was seen in kidneys 
showing no glomerular damage. The extent of tubular atrophy varied 
but was most marked in those kidneys showing glomerular damage. The 
glomerular changes consisted of partial or complete necrosis of the tufts 
(figs. 3 and 4). The number of tufts damaged varied in different ani- 
mals but in none of them did the damaged tufts outnumber those that 
appeared normal. The necrosis manifested itself by a basophilic, 
granular degeneration of the cytoplasm with pyknosis, fragmentation, 
and disappearance of nuclei. Occasional masses of granular cellular 
debris were present in the capsular spaces around necrotic tufts. In 
one animal there was moderate proliferation of the capsular epithelium. 
There was a diffuse increase in interstitial fibrous connective tissue, 
most pronounced in the medulla and in the subcapsular zone of the 
cortex. In the fibrosed outer zone of the cortex proper the glomeruli 
appeared especially numerous, and it was in these concentrated glomeruli 
that the' most severe damage was manifest. 

repair of hydronepiirotic kidneys with removal of 

HYPERTROPHIC MATE 

Protocol 6. — In dog A 20, a female collie, weighing 14 Kg., hydronephrosis 
was produced for eleven days followed by a period of repair of eight hundred 
and twenty-eight days. 

Jan. 9, 1925 : The blood urea was 38 mg. per hundred cubic centimeters. 

January 13; The blood urea was 23 mg. The right ureter was ligated 

On January 15, the blood urea was 14.1 mg.; on January 22, 50.1 mg. 

January 24; The right ureter was implanted into the bladder after a period 
of eleven days of complete ureteral obstruction. 

January 26; The blood urea was 33 mg. Left nephrectomy was performed. 
The left kidney appeared to be grossly norma! although it was somewhat hyper- 
trophied. Tile weight and measurements were; weight, 34.5 Gmr; length, 6 cm.; 
transverse diameter, 3.8 cm. ; anteroposterior diameter, 2.8 cm. ; cortex, 7 mm. 

February 3: The blood urea was 140.4 mg., but in spite of this the dog 
appeared to be in good general condition. 

On February 9, the blood urea was 112.3 mg.; February 13, 102 mg. ; February 

, 69 mg.: Jlarch 16, 40.2 mg.; March 25, 66.8 mg.; April 1, 53.5 mg.; April 10 
53.5 mg^; yfay 7, 62.5 mg.; June 25, 27 mg.; July 22, 43,2 mg. (condition excel- 
ent) , September 24, 44 mg.; October 16, 37 mg.; November 13, 42 mg.; Decem- 
ber 23, 80 mg. 
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Jan. 4, 1926: The clog gave birth to a litter of seven pups. 

January 14: Her general condition was excellent. The blood urea uas 
68.5 mg. 

On February 13, the blood urea was 44.5 mg.; March 17, 57.8 mg.; June 24, 
68.4 mg.; August 17, 37 mg. 

September 1 : The dog gave birth to a litter of seven pups. 

On October 13, the blood urea was 32 mg. ; November 19, 53 mg. 

December 23 : The microscopic examination of the urine showed no pus cells, 
red blood cells or casts. 

On Jan. 24, 1927, the blood urea was 54 mg.; March 4, 41 mg.; April 26, 
36 mg. 



pi„ 5 — Pyelograms of the obstructed right kidneys of dogs A 20, A 40, A 24, 
A 38 “and A 48, showing a tendency of the pelves to return to normal shape and 


size. 


May 2 : For the past few days the dog appeared sick, and on tins date she 
was found dead in the kennels. 

-There were no external signs of violence The heart was normal 
The lungi shon-ed some small patches of pneumonia. On opening the abdomin. 
cJ:C about 100 cc. of dark fluid was found. All 

the pancreas and kidneys were TliHeft'wdn^ bad been removed 

microscopic evidence of an acute pancreat t . , , , i .nprtrnnhic Its ureter 

at a previous operation. The right kidney appeared to >^= ^^110 u 
was slightly dilated at its- upper portion for a distance of “I 

this it was normal. The anastomosis of ° The m eight 

factory and appeared to be perfeedy patent. The cm.; 

and measurements of the right kidney were, weig , " canacity of pelvis, 

transverse diameter, 5 cm.; anteroposterior diameter, 3 cm., capac.tj P 




JOELSON ET AL.— RENAL COUNTERBALANCE 


685 


5.9 cc. ; cortex, 4 mm. .A. pyelogram showed a slight degree of dilatation of the 
upper portion of the ureter and the pelvis, but was otherwise not remarkable 
except that a small amount of the sodium iodide had extravasated into the paren- 
chyma in the region of the lower pole (fig. 5). The gross appearance of the 
kidneys is shown in figure 6. 

Histologic Obscn'ations.— The glomeruli in the left kidney appeared large with 
plump, hyperemic tufts which filled their capsules completely. There was a 
moderate degree of parenchymatous degeneration of the tubular epithelium. 
Otherwise, there was no pathologic change. 

The histologic examination of the right kidney was rendered somewhat unsat- 
isfactory by the amount of postmortem change present. The glomeruli rvere very 
large and hypertrophic, with plump cellular tufts which filled their capsules. 
The usual difference in size between peripheral and central glomeruli was not 
present and those in the outer zone of the cortex were as large as those in the 
corticomedullary zone. A few thickened capsules were seen. There was a mild, 
patchy chronic pyelonephritis, and in the densely infiltrated radial scars the glomer- 
uli were fibrosed and atrophic and the tubules filled with pus cells. 

Protocol 7. — In dog A 33, a white and brown female mongrel, weighing 7 
Kg., hydronephrosis was produced for fifteen days, followed by a period of repair 
of five hundred and five days. 

On May 18, 1925, the blood urea was 25.5 mg. per hundred cubic centimeters, 
and on May 25, 47 mg. 

May 25: The right ureter was ligated. 

On May 27, the blood urea was 49 mg.; on June 9, 33 mg. 

June 9: The ureter was implanted into the bladder after a period of fifteen 
days of complete ureteral obstruction. 

June 11; The blood urea was 25 mg. Left nephrectomy was performed. The 
left kidney appeared grossly normal. The weight and measurements were; 
weight, 38 Gm. ; length, 5.1 cm.; transverse diameter, 3.6 cm.; anteroposterior 
diameter, 2.5 cm.; cortex, 6 mm. 

On June 15, the blood urea was 174.4 mg., but the general condition of the 
dog seems good. On June 24, it was 80 rag. ; on July 8, 76.9 mg, 

July 30: The dog gave birth to a litter of five pups. 

On September 24, the blood urea was 24 mg. ; November 13, 52 mg. ; Feb. 13, 
1926, 87.7 mg.; March 17, 67.6 mg.; April 29, 65.3 mg.; June 3, 70.2 mg.; June 24, 
67.6 mg.; August 16, 23 mg.; October 13, 37 mg. 

October 27 ; The dog was killed in a fight. 

Necropsy ; The dog sustained extensive wounds of the thoracic wall and right 
lumbar region. Through the lumbar wound the right kidney had been somewhat 
lacerated. Aside from these rvounds, the results of the necropsy were negative. 
The right kidney, aside from its lacerations, appeared to be normal. It was firm 
on palpation and the cut surface showed a normal medulla and corte.x. The 
pelvis and ureter were not dilated. The implantation of the ureter into the bladder 
uas satisfactory and appeared to be perfectly patent. The weight was 32 Gm., 
•ind the cortex measured 6 mm. 

The gross appearance of the kidneys is shown in figure 6. 

Histologic Observations . — In the left kidney, there was diffuse hyperemia and 
t le glomerular tufts were plump, filling their capsules. The tubular epithelium 
uas the scat of moderate parenchymatous degeneration. 
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hich the hydronephrotic right kidney undergoes after removal of Us mate (table 
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In the right kidney, most of the glomeruli were large and hypertrophic, and 
there was a collection of serum precipitate within the capsules of many of them. 
Occasional small fibrosed glomeruli with thickened capsules were encountered. 
There was no evidence of interstitial fibrosis. The normal architecture was 
preserved. 

PROTOCOL 8. — ^In dog A 40, a male mongrel, weighing 10.3 Kg., hy'dronephrosis 
was produced for fifteen days, followed by a period of repair of two hundred and 
ninety-three days. 

On Jlay 18, 1925, the blood urea was 25.5 mg. per hundred cubic centimeters. 
l\Iay 25, 1925 : The right ureter was ligated. On iMa 3 ' 27, the blood urea was 
51 mg.; on June 9, 34 mg. 

June 9: The ureter was implanted into the bladder after fifteen days of com- 
plete ureteral obstruction. 

June 11 ; The blood urea was 31.2 mg. 

June 11; Left nephrectomy was performed. The left kidney appeared some- 
what hypertrophied but otherwise normal. The weight and measurements were: 
weight, 36.7 Gm. ; length, 6 cm. ; transverse diameter, 3.8 cm. ; anteroposterior 
diameter, 2.6 cm. ; cortex, 5 mm. 

On June 15, the blood urea was 144 mg., but the animal’s general condition 
seems to be good. On June 24, it was 59 mg.; July 8, 54 mg. (weight, 9.3 Kg.) ; 
July 31, 59.1 mg.; August 13, 51 mg.; September 24, 48 mg.; October 16, 45 mg.; 
November 13, 43 mg.; December 23, SO mg.; Jan. 14, 1926, 52 mg,; February 13, 
29.5 mg.; March 17, 47 mg. 

lilarch 29: The dog was killed. 

Necropsy. — The results of necropsy were negative except the changes found in 
the urinary tract. The right kidnei' appeared to be normal and somewhat hyper- 
trophied. The right ureter was slightlj' dilated. The implantation of the ureter 
into the bladder was satisfactory and perfect^' patent. The weight and measure- 
ments of the right kidney were ; weight, 40.6 Gm. ; length, 6.4 cm. ; transverse 
diameter, 3.8 cm. ; anteroposterior diameter, 2.5 cm. ; cortex, 5 mm. ; capacity of 
pelvis, 4 cc. A pyelogram appeared relativelj' normal e.xcept for the slight dilata- 
tion of the ureter and pelvis (fig, 5). The gross appearance of the kidneys is 
shown in figure 6. 

Histologic Obscnalions. — Except for the general glomerular hypertroph}' and 
the presence of occasional fibrosed, atrophic glomeruli with thickened capsules in 
t le right kidney there was no histologic difference in the two kidne}'s of this 
animal. There was no scarring or increase in interstitial fibrous connective tissue. 

Protocol 9. In dog A 24, a brown and white, short haired, male mongrel, 
"cighmg 9 Kg.^ hydronephrosis was produced for twelve days followed by a 
period of repair of one hundred and fiftj'-five days. 

On Jan. 22, 1925, the blood urea was 43 mg. ; on January 27, 27 mg. 

January 30; The right ureter was ligated. 

On February 3, the blood urea was 32 mg. ; on February 9, 44 mg. 

^ ciruary 11: The right ureter was implanted into the bladder after a period 
ot U\c\c da>s of Complete ureteral obstruction, 
wbruary 13; The blood urea was 43 mg. 

Ft'bruary 13; Left nephrectomy was performed. The kidney appeared some- 

wcT\ t" 30 otherwise normal. The weight and measurements were : 

, 1 :!'.'^'.’ 6 cm.; transverse diameter, 3.7 cm.; anteroposterior 

niamcter, 2.9 cm. ; cortex, 6 mm. 
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On February 16, the blood urea was 85.1 mg.; February 26, 47 mg.; Jlarch 9, 
24.9 mg. ; March 25, 40,2 mg. ; April 1, 40.2 mg. 

April 10: The dog had been losing weight and had mange. On this date it 
weighed 6.5 Kg. The blood urea was 43,2 mg, 

April 16 : The dog’s condition seemed better. The blood urea was 24 mg. 

May 7 : The blood urea was 46 mg. 

June 25; The dog was in good condition. The blood urea was 33 mg. 

July 14: The dog was killed. 

Necropsy. — No abnormalities were found in any of the organs except those 
of the urinary tract. The right kidney was grossly normal except that it 
appeared somewhat hypertrophied. The implantation of the ureter into the bladder 
was satisfactory and perfectly patent. The right ureter and pelvis appeared to be 
normal. The weight and measurements of the kidney were: weight, 34.1 Gm. ; 
length, 6.1 cm.; transverse diameter, 3.6 cm.; anteroposterior diameter, 2.6 cm.; 
cortex, 5 mm.; capacity of pelvis, 3.5 cc. A pyelogram showed no abnormalities 
(fig. 5). The appearance of the kidneys is shown in figure 6. 

Histologic Observations. — In the left kidnej', the glomeruli were plump and 
hyperemic, and occasional collections of scrum precipitate were present in the 
capsular spaces. 

In the right kidney, there was no evidence of interstitial fibrosis in the cortex. 
The glomeruli appeared normal except for scrum precipitate in the glomerular 
spaces. The arcuate arteries showed a zone of peri-arterial fibrosis. There was 
a moderate diffuse increase of fibrous connective tissue in the pyramids. 

Protocol 10. — In dog A 38, a black and white female mongrel, weighing 
16 Kg., hydronephrosis was produced for sixteen days followed by a period of 
repair of seventy-nine days. 

May 18, 1925 : The blood urea was 43.3 mg. per hundred cubic centimeters. 

May 20: The right ureter was ligated. 

On May 25, the blood urea was 54.5 mg.; on June 3, 47 mg. 

June 5; The right ureter was implanted into the bladder after a period of 
sixteen days of complete ureteral obstruction. 

June 8; The blood urea was 43.2 mg. 

June 8: Left nephrectomy was performed. The kidney appeared hyper- 
trophied but was otherwise normal. The weight and measurements were : weight, 
45.1 Gm.; length, 6.6 cm.; transverse diameter, 3.8 cm.; anteroposterior diameter, 
2.7 cm. ; cortex, 7 mm. 

On June 15, the blood urea was 161 mg.; June 24, 76 mg.; July 8, 62.4 mg. 

July 31: The animal's condition was poor. She appeared thin, weak and 
mangy. The blood urea was 108 mg. 

August 13 ; The dog’s general condition seemed much better. The blood urea 
was 122.1 mg. 

August 23 : The animal was found dead in the kennels. 

Necropsy.— Ho definite cause of death was found. All the organs seemed 
normal. The weight and measurements of the right kidney were : w eig it, 
44.5 Gm. ; length, 6.2 cm. ; transverse diameter, 3.8 cm. : anteroposterior diameter, 
2.7 cm.; cortex, 4 mm. The anastomosis of the ureter into the bladder was 
perfect!}' patent. The ureter and pelvis were somwhat dilated. A p}cogram "a. 
made which, aside from some dilatation of the ureter and pehis, uas re a 
normal (fig. 5). The gross appearance of the kidneys is shown in figure 0. 
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Histologic Observations . — The glomeruli of the left kidney were hyperemic, and 
many of them contained serum precipitate within the capsular spaces. 

The glomeruli of the right kidney were larger than in the left kidne 5 ’. There 
was a moderate amount of scarring in the pyramids ; otherwise the two kidneys 
were histologically identical. 

Protocol 11. — In dog A 30, a brown and white male mongrel, weighing 6.9 Kg., 
hydronephrosis was produced for sixteen days followed by a period of repair of 
forty-two days. 

May 18, 1925 : The blood urea was 25 mg. per hundred cubic centimeters. 

I^Iay 19 : The right ureter was ligated. 

On May 21, the blood urea was 26.7 mg.; May 25, 51 mg.; June 3, 56 mg. 



7. — Corte.x of right kidney of dog A 30, protocol 11. The right kidney 
was obstructed sixteen days, and two daj'S following relief of the obstruction the 
left kidney was removed and the right kidney allowed a fort 3 '-two day repair 
period during which time it was forced to carry the entire renal function. There 
was no essential difference in the histologic appearance of this kidne 3 ' as com- 
pared with the left; X 45. 


June 4; The right ureter was implanted into the bladder after a period of 
sixteen da 3 ’s of complete ureteral obstruction. 

June 6: The blood Urea was 23 mg. 

June 6; Left nepbrectom 3 ’ was performed. The kidne 3 ' appeared grossl 3 ’ normal 
and weighed 27.3 Gm. The measurements were: length, 5.1 cm.; transverse 
diameter, 3.5 cm. ; anteroposterior diameter, 2.5 cm. ; cortex, 8 mm. 

June 8 : The. blood urea was 230 mg. per hundred cubic centimeters, but the 
general condition seemed good in spite of this high elevation. 
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On June 15, the blood urea was 127 mg.; June 24, 112 mg.; July 8, 72 mg. 

July 16 : The dog was killed. 

AVcr(7/>^y.— The general observations were negative. The right kidney appeared 
somewhat small, and there was some definite dilatation of the ureter and pelvis 
sfill present. The weight and measurements were; weight, 22.3 Gm.; length, 
5.5 cm.; transverse diameter, 3.1 cm.; anteroposterior diameter, 21 cm.; capacity 
of pelvis, 4.5 cc. ; cortex, 6 mm. A pyelogram appeared normal c.xcept for a slight 
dilatation of the pelvis and ureter. The appearance of the kidneys is shown in 
figure 6. 

Histoloffic Obsci'votioiis. — The kidneys showed no histologic abnormality and 
were identical in appearance e.xcept for a mild pyelonephritis and parenchymatous 
degeneration of tubular epithelium in the right kidney. Figure 7 shows the sub- 
capsular cortex of the right kidney. There were no atrophic, fibrosed glomeruli 
in the right kidney, nor was there any interstitial fibrosis. 

Protocol 12. — In dog A 48, a short haired, black and tan male mongrel, weigh- 
ing 11.2 Kg., hydronephrosis was produced for nineteen days followed by a period 
of repair of thirty-four days. 

July' 1, 1925: The blood urea was 18.6 mg. per hundred cubic centimeters. 

July 1 : The right ureter was ligated. 

July 20 : The blood urea was 25.1 mg. 

July 20; The right ureter was implanted info the bladder after a period of 
nineteen days of complete ureteral obstruction. 

July 22: The blood urea was 21 mg. 

July 27 : Left nephrectomy was performed. The kidney appeared hyper- 
trophied, but was otherwise normal. The weight and measurements were : w'cight, 
47 Gm. ; length, 6.6 cm. ; transverse diameter, 3.9 cm. ; anteroposterior diameter, 
3.5 cm, ; cortex, 7 mm. 

August 4 ; The blood urea was 187.2 mg. The dog weighed 12,2 ICg. 

August 23 : The dog died from distemper. 

Necropsy. — There ivere definite areas of consolidation in both lungs, but other- 
wise the results of the general necropsy rvere negative. The right kidney 
appeared somewhat large and showed definite dilatation of the pelvis and ureter. 
The anastomosis of the ureter into the bladder was patent. The weight measure- 
ments were: weight, 42.2 Gm.; length, 6.7 cm.; transverse diameter, 3.9 cm.; 
anteroposterior diameter, *2,6 cm.; cortex, 5.5 mm.; capacity of pelvis, 14 cc. A 
pyelogram showed that a fairly marked degree of hydronephrosis was still 
present (fig. 5). The gross appearance of the kidneys is shown in figure 6. 

Histologic Observations. — Except for marked hyperemia there were no 
pathologic changes in the left kidney. The entire cortex and medulla of the right 
kidney showed a marked increase of interstitial fibrous connective tissue. This 
fibrosis did not have an even distribution but was most severe in the medulla and 
in the outer zones of the cortex with many dense radial scars. The glomeruli 
were condensed so that a great many were encountered in each field. Most of 
the glomerular tufts appeared normal as to structure although many of them uere 
very small. They were uniformly hyperemic and in the corticomedullarj zone a 
number of them were hypertrophic with collections of serum precipitate m t le 
capsular spaces. Rarely small fibrosed glomeruli were seen. The tubules were 
generally very small in diameter, and occasional tubules were seen which were 
dilated and filled with red blood cells. 
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lu this series of experiments (table 2), the right kidney was rendered 
hydronephrotic by complete ureteral obstruction for from eleven to nine- 
teen days. Several days after the obstruction was relieved, the hyper- 
trophic mate was removed so that the hydronephrotic kidney had to 
carry on all of the renal function. 

While these experiments have no direct bearing on the question of 
renal atrophy of disuse, it was necessary to conduct them as control 
experiments in studying the problem of renal counterbalance, because, 
if it were demonstrated that an injured kidney did undergo progressive 
atrophy when allowed to remain in competition with its hypertrophic 
mate, it would also be essential to demonstrate that a similarly injured 
kidney could perform the necessary renal function if the entire load were 


Table 2. — Data on Dogs with Repair of Hydronephrotic Kidney and Removal of 

Hypertrophic Mate 


IntPrvfll 
Between 
Dura- Relief of 
tion of Obstruction to Period 

Complete Right Ureter of Repair Weight of Kidneys, Gm. 






Obstruction 

and Left 

of Right 

/■“ 

—A — . 





of Right Xcptircctomj-, 

Kidney, 

Right, at 

Left, at 



Proctocol 

Ureter, Days 

Days 

Days 

Autopsy 

Operation 

0 

(Dog 

A 

20) 

11 

2 

82S 

55,2 

34.5 

7 

(Dog 

A 

33) 

15 

2 

505 

32 0 

3S.0 

8 

(Dog 

A 

lO) 

. . 15 

2 

295 

40.6 

36.7 

9 

(Dog 

A 

24) 

la 

2 

155 

34.1 

30.9 

10 

(Dog A 

38) 

10 

3 

70 

44.5 

45.1 

11 

(Dog 

A 

30) 

10 

2 

42 

22 3 

27,3 

12 

(Dog 

A 

48) 

19 

7 

34 

42.2 

47.0 


thrown on it. In this way it could be indicated that the injury which had 
been applied to the kidney was not of itself sufficient to cause the 
progressive atrophy and that some other factor was necessary. These 
experiments show that the hydronephrotic kidney is capable of becoming 
a functionally good organ, and they are interesting in that they show how 
well an injured kidney can undergo repair and hypertrophy and carry 
ou the entire renal function when the necessity is placed on it (figs. 
5, 6 and 7) . 

In practically all these experiments the blood urea showed a definite 
elevation following the removal of the hypertrophic left kidney, but as a 
general rule tliis gradual^ returned to a relative!}' normal level. Appar- 
ently the injured right kidney could not immediately take over the entire 
oati of renal function satisfactorily, but could do so later as it under- 
uciit repair and hypertrophy. 

Histologically, the left kidneys of these animals were very hyperemic, 
anc the glomerular tufts were plump and complete])' filled the capsular 
spaces. Occasional glomeruli contained collections of serum precipitate. 
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The right kidneys showed unmistakable glomerular hypertrophy 
which was especially well marked in those animals which were allowed 
the longest periods of repair after relief of the obstruction. 

It would seem from the infrequency of finding damaged glomeruli or 
tubules even in as short a time as thirt)'-four days after relief of the 
obstruction that recovery from the injury' is rapid when the entire func- 
tional load is placed on the injured kidney'. This observation becomes 
particularly striking when the right kidneys of this series are compared 
with the right kidneys of series I. The only sign of injury manifested 
by the right kidneys of series II was diffuse interstitial fibrosis, and in 
animals having a repair period of forty-two days or more there was no 
evidence whatsoever of previous renal injury (fig. 7 ). 

KEPAIR OF THE HYDRONEPIIROTIC KIDNEY WITH THE 

hypertrophic mate undisturbed 

Protocol 13. — In dog A, young black, male mongrel, weighing 12.8 Kg., hjdro- 
nephrosis was produced for twelve days followed by a period of repair of eight 
hundred and seven days. 

March 6, 1925 : The preoperative blood urea was 30.5 mg. per hundred cubic 
centimeters. The right ureter was ligated. 

On March 9, the blood urea was 43.2 mg.; Itlarch 13, 30 5 mg.; March 16, 
18 mg. The dog was in e.x'cellent condition. 

jtlarch IS; The right ureter was implanted into the bladder after a period of 
twelve days of complete ureteral obstruction. 

On March 20, the blood urea was 41.6 mg.; March 25, 34 mg.; April 1, 27.2 
mg.; April 16, 30 mg.; April 23, 40.2 mg.; May 7, 50 mg.; June 25, 30 mg.; July 
22, 31.9 mg. ; September 24, 40 mg.; October 16, 26 mg. (weight 24 Kg.) ; February 
13, 1926, 46.8 mg.; March 17, 44.9 mg.; April 29, 26 mg.; June 3, 29.2 mg.; August 
16, 28 mg. ; October 13, 30 mg. ; November 19, 36 mg. ; Jan. 24, 1927, 47 mg. 

On January 24, the microscopic examination of the urine was normal. On 
!March 4, the blood urea was 32 mg. ; on April 26, 30 mg. 

June 3: The dog was first given 0.015 Gm. of morphine subcutaneously, and 
then 500 cc. of physiologic solution of sodium chloride was given intravenously 
in order to produce diuresis. IVith the animal under procaine hydrochloride 
anesthesia, the ureters were exposed and catheters were inserted into them. One 
cubic centimeter of phenolsulphonphthalein was given intravenously. On the left 
side the appearance time was four minutes, and 44 per cent of the dye was excreted 
in one hour in 20 cc. of urine. On the right side the appearance time was eight 
minutes, and 14 per cent of the dye was excreted in one hour in 14 cc. of urine. 
The urine from each kidney was normal. The dog was killed with magnesium 
sulphate injected intravenously. 

Necropsy.-The dog weighed 23.2 Kg. All the organs were normal except the 
kidneys. The right kidney was about one-half the size of the left, but had tlie 
appearance of a functioning organ with a firm parenchyma. The anastomosis 
between the right ureter and the bladder nas patent. The right ureter ''' 

moderate degree of dilatation, and there was a rather marked ^ 

of the extrarenal portion of the pelvis of the right kidnej. le c t 
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appeared to be norma! and somewhat hypertrophied. The weights and measure- 
ments of the kidneys were; 

Right Left 

Weight tO.S Gm. 71.5 Gm. 

Length fi.6 cm. 7.5 cm. 

Transverse diameter 3.8 cm. 4.3 cm. 

Anteroposterior diameter 2.2 cm. 2.3 cm. 

Capacity of pelvis 12,0 cc. 5.0 cc. 

Cortex 5.0 mm. 5.3 mm. 


The appearance of the kidneys is shown in figure 8. Pyelograras of botli 
kidneys were made (fig. 9). The pyelogram of the right kidney showed a marked 
dilatation of the extrarenal portion of the pelvis, but the intrarenal portion of 
the pelvis and the calices appeared to be relativeb' normal. The pyelogram of 
the left kidney was normal. 


Histologic Observations . — The right and left kidneys were histologically iden- 
tical except that the glomeruli were uniformly hypertrophic in the right. Occa- 
sional fibrosed tufts adherent to thickened capsules were seen in both kidneys, 
but neither showed any interstitial fibrosis nor any evidence of e.vtensive glomer- 
ular or tubular atrophy (fig. 10). 

Protocol 14. — In dog A 41, a red and brown female, weighing 8.8 Kg., hydro- 
nephrosis was produced for sixteen days followed by a period of repair of seven 
hundred and twenty-eight days. 

May 18, 1925: The blood urea was 41.6 mg. per hundred cubic centimeters. 
May 19; The right ureter was ligated. 

On May 21, the blood urea was 23.5 mg., and on May 25. 35.1 mg. 

June 4: The right ureter was implanted into the bladder after a period of 
sixteen days of complete ureteral obstruction. 

On June 6, the blood urea was 29 mg.; June 15. 38.6 mg.; June 24, 35 mg.; 
July 8, 29.5 mg. (general condition good, weight 8.2 Kg.); July 31, 28.9 mg.; 
September 24, 20 mg.; October 16, 27 mg.; November 13, 33 mg.; Jan. 14, 1926, 
46.8 mg.; Jlarch 17, 25.1 mg.; April 29, 22 mg.; June 3, 36.4 mg.; June 24, 44 
mg.; .'lugust 16, 22 mg.; October 13, 20 mg.; November 19, 27 mg. On December 
23, the microscopic examination of urine was normal. On Jan. 24, 1927, the 
condition of the dog was good, and blood urea was 35 mg. On March 4, it was 
22 mg., and on April 26, 24 mg. 

June 2; The dog was given 0.015 Gm. of morphine, subcutaneously, and 500 
cc. of water was given by stomach tube to produce diuresis. With the animal 
under procaine hydrochloride anesthesia, both ureters were e.xposed and catheters 
«ere inserted ijtto them. One cubic centimeter of phenolsulphonphthalein was 
injected intravenously. On the left side the appearance time was four minutes, 
and 50 i)er cent of the dye was excreted in one hour in 18 cc. of urine. On the 
right side the appearance time was fifteen minutes, and 10 per cent of the dye 
uas c.xcrcted in 8 cc. of urine in one hour. The urine from each kidney was 
normal. The dog was killed with ether. 

\iciogsy. The dog weighed 13.8 Kg. All the organs were normal e.xcept 
1 le kidneys. The right kidney was small and somewhat atrophic. The lower pole 
uns somewhat larger titan the upper one. The parenchyma was firm and seemed 
to consist of good renal tissue. The anastomosis between the right ureter and the 
> adder was patent. The right ureter showed a moderate degree of dilatation, 
>ut tie kidney itself was not hydronephrotic. The left kidney appeared to be 




Fig. 8 A and B. — Appearance of kidneys in cxperin'.cnts of group III. Tl.e 
right ureter had been obstructed for periods varying from twelve to nineteen days 
following which the obstruction was relieved and the right kidney allowed to func- 
tion in “competition’’ with its undisturbed hypertrophic mate. These photographs 
show that the right kidneys contain a considerable amount of renal tissue and did 
not undergo atrophy of disuse (table 3). 
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normal and somewhat hypertrophied. The weights and measurements of the 
kidneys were; 


Weight 

Length 

Transverse dianieter. . . . 
Anteroposterior diameter. 

Capacity of pelvis 

Cortex 


Right 

Left 

16 2 Gm. 

48.7 Gm. 

5.2 cm. 

6.4 cm. 

2.5 cm. 

4.1 cm. 

1.9 cm. 

3.5 cm. 

5.5 cc. 

3.5 cc. 

3.0 mm 

6.0 mm 






AlO 




AID 



A39 


R. L 


Fig. 9.— PyeJograms of the right and left kidneys of the experiments of 
group III. These sliow a tendency of the hydronephrotic pelvis to return to 
normal although the ureter frequently remained dilated. 



The appearance of the kidneys is shown in figure 8. 

Pyelograms were made of each kidney (fig. 9). Except for the dilatation 
of the ureter and extrarcnal portion of the pelvis and some e.xtravasat.on of the 
sodium iodide in the region of the upper pole, the pjclogram o t c rig i ' . - 
was essentially normal. The pyelogram of the left kidney showed no g 
abnormal. 


JOELSON BT AL— RENAL COUNTERBALANCE 



I'lg 10. — Sections from the cortex of the right and left kidneys of dog A 27, 
protocol 13. The right kidney was obstructed for sixteen dajs and then allowed 
a repair period of eight hundred sc\en dajs, working in “competition” with the 
undisturbed left kidney. There were no important histologic differences between 
tile right and left kidnejs; x 65. A indicates the right kidnej ; B, the left. 
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Histologic Observations. — A few hyalinized glomeruli were present in the left 
kidney, and many of the glomeruli contained a small amount of serum precipitate 
within the capsular spaces. Hyaline tubular casts were frequent. In one slide 
a small abscess was seen in the cortex just beneath the capsule. 

In the right kidney, the cortex corticis had entirely disappeared and occasional 
glomeruli were seen in the most peripheral portions of the cortex. Just beneath 
the capsule there were a number of thin scars which showed a moderately dense 
lymphocytic infiltration. These scars ran parallel to the capsule for distances as 
great as S mm., but did not extend more than from 60 to 80 microns into the cortex 
and probably represented the atrophied cortex corticis. The cortex proper was 
greatly reduced in thickness, but except for the scarring just described there 
were no histologic differences in the right and left kidneys of this animal. There 
was no increase either in the number of atrophic glomeruli or of interstitial 
fibrous connective tissue. 

Protocol IS. — In dog A 34, a female mongrel, weighing 10.8 Kg., hydro- 
nephrosis was produced for fifteen days followed by a period of repair of four 
hundred and sixty-five days. 

May 18, 1925: The preoperative blood urea was 36.1 mg. per hundred cubic 
centimeters. 

May 25 ; The right ureter was ligated. 

On May 27, the blood urea was 43.2 mg.; on June 9, 43.2 mg. 

June 9: The right ureter was implanted into the bladder after a period of 
fifteen days of complete ureteral obstruction. 

On June 11, the blood urea was 35 mg.; June 15, 43 mg.; June 24, 45 mg.; 
July 8, 48.8 mg. (weight 10.2 Kg. and general condition excellent) ; July 31, 34.5 
mg.; September 24, 25 mg.; October 16, 18.7 mg.; November 13, 17.5 mg.; Feb. 
13, 1926, 31 mg.; March 17, 25.3 mg.; April 29, 39 mg. 

September 16; The dog was killed, and a complete autopsy was not per- 
formed ; only the kidneys were preserved. The right kidney was definitely smaller 
than the left. The greatest amount of parenchyma was found to be situated in 
the regions of the upper and lower poles, the central portion of the kidney sug- 
gesting an atrophic condition. The hilum was enlarged, and the ureter and pelvis 
were dilated. The left kidney was a normal hypertrophic organ. The weights 
and measurements of the kidneys were: 



Right 

15.0 Gm. 

Left 

45.0 Gm. 


, , , . 6.0 cm. 

6.3 cm. 


... 2.8 cm. 

4.0 cm. 


1.4 cm. 

3.1 cm. 


, 2.0 mm. 

6.0 mm. 


The appearance of the kidneys is shown in figure 8. 

Histologic Observations.— Erccagi for the reduction m the thickness of 
cortex of the left, there were no histologic differences in the two kidnej-s. Both 
were the seat of a mild chronic pyelonephritis, and the radial areas of cortica 
inflammation contained many atrophic glomeruli and tubules and were dense y 
fibrosed and infiltrated by leukocytes and lymphocytes. Both kidneys slimved 
areas in which the entire width of cortex and medulla appeared norma . 


Protocol 16.— In dog A 14, a short haired, male mongrel, weighing /.S Kg., 
hydronephrosis was produced for sixteen days followed by a period o repair 
three hundred and sixty-two days. 
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Dec. 8, 1924, the blood urea was 28 mg. per hundred cubic centimeters. 

December 11 : The blood urea was 187 mg. The right ureter was ligated. 

On December 13, the blood urea was 262 mg.; on December 23, 31.2 mg. 

December 23 : The right ureter was implanted into the bladder after a period 
of twelve days of complete ureteral obstruction. 

On December 26, the blood urea was 33.5 mg. ; Jan. 6, 1925, 27 mg. ; January 
13, 31 2 mg.; January 27, 26 5 mg. (weight 9.4 Kg. and genera! condition good) ; 
February 13, 267 mg ; February 26, 47 mg.; March 9, 35.1 mg ; March 16, 26 
mg.; ^ilarch 25, 41.6 mg ; April 1, 37.3 mg.; April 10, 25.5 mg.; April 16, 37.4 
mg., May 7, 49 mg.; June 25, 27 mg. (weight 10 S Kg) ; July 22, 23 5 mg.; 
October 16, 33 mg.; November 13, 40 mg. 

December 20: The dog was found dead. Necropsy showed the presence of 
bilateral pneumonia but the other organs, excepting the kidneys, were normal. 
The right kidney was definitely smaller than the left, but showed grossly normal 
parenchjma. The right ureter w'as not dilated and the anastomosis betw'een the 
ureter and bladder was patent. The left kidney w’as a normal hypertrophied 
organ. The urine which was obtained from the bladder showed no abnormalities. 
The weights and measwremewts of the krdweys w'ere; 



Right 

Left 

\Veifiht 

14 1 Gra 

44 2 Gm 

l-ength 

4 7 cm 

6 4 cm 

Transverse diameter 

2 4 cm 

3 7 cm 

Anteroposterior diameter 

1 6 cm 

3 0 cm 

Capacity of pelvis 

2 0 cc 

3 0 cc. 

Cortex 

4 0 mm 

8 0 mm 


The appearance of the kidneys is shown in figure 8 

Pjclograms showed the right kidney and pelvis to be smaller than the left, but 
otherwise no definite abnormalities were seen (fig. 9). 

Histologic Obsci-vatioiis . — Except for a slight patchy pjelonephritis and the 
presence of scrum precipitate in the glomeruli, the left kidney showed no patho- 
logic change. 

The capsule of the right kidney show'ed irregular thickening, and the cortex 
corticis had entirely disappeared. There w'as a wide zone of interstitial fibrosis 
in the outer portion of the cortex with short radial e-xtensions at intervals toward 
the fflcduila. In this fibrosed zone the glomeruli w'ere concentrated. The glomer- 
uli themsches were small, fibrosed and often hyalinized, and associated with 
them were many atrophic contracted tubules. Deeper in the corte.x proper both 
glomeruli and tubules appeared normal and here there was no increase in inter- 
stitial fibrous connective tissue. The medulla showed patchy areas of fibrosis. 
This kidney was also the seat of a very mild pyelonephritis. 

Protocol 17. — In dog A 28, white male terrier, weighing 14.4 Kg., hydro- 
nephrosis Was produced for twelve days followed by a period of repair of two 
hundred and seventeen days. 


March 6, 1925: The preoperative blood urea was 50 mg. per hundred cubic 
centimeters. The right ureter was ligated. 

On *'rafch 9, the blood urea was 60 mg.; March 13, 50 mg.; March 16, 26 mg. 
. arch 8. The right ureter was implanted into the bladder after a period 
o tweUe da>s of complete ureteral obstruction. 

On Marcli 20, the blood urea was 432 mg.; March 25, 36 4 mg.; April I 4^2 

mg': S 22. Sep^mber 24 432 

mg October 16, 16 mg. (general condition good). 

October 21: The dog was killed. 
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Nccropsy.~Al\ the viscera were normal except the kidneys. The right kidney 
showed a firm parenchyma but was only about one-half as large as the left kidney. 
The right ureter was somewhat dilated as was also the e.xtrarenal portion of the 
pelvis. The anastomosis between the right ureter and the bladder was patent. 
The left kidney was a normal h 3 'pertrophied organ. The weights and measure- 
ments of the kidnej’s were: 


Weight 

Length 

Transverse diameter 

Anteroposterior diameter. 

Capacity of pelvis 

Cortex 


Right 
J1.5 Gin. 

5.3 cm. 

3.3 cm. 
2.7 cm. 
6.5 cc. 
4.0 mm. 


Left 

69.2 Gra. 
6.6 cm. 

4.4 cm. 
3.9 cm. 

5.5 cc. 
8.0 mm. 


The appearance of the kidneys is shown in figure 8. 

Pyelograms were made of each kidney (fig. 9). These showed the right kid- 
ney to be smaller than the left with a definite dilatation of its ureter and the 
extrarenal portion of its pelvis, but the intrarenal portion of its pelvis appeared 
relatively normal. The pyelogram of the left kidney was normal. 

Histologic Observations. — A few fibrosed and hyalinized glomeruli with thick- 
ened capsules were seen in the left kidney'; otherwise it showed no pathologic 
change. 

There was an irregular thickening of the capsule of the right kidney, beneath 
which a narrow zone of the cortex showed marked interstitial fibrosis. In this 
zone there was a concentration of glomeruli and tubules showing many stages of 
atrophy up to complete obliteration. Some of the glomeruli showed marked 
reduction in the size of the tufts without reduction in the size of the capsule so 
that there remained a large empty space between the capsule and tuft. Occa- 
sional small capsules were seen in which the tuft had entirely disappeared. There 
were small radial extensions of this peripheral zone of fibrosis toward the medulla. 
A wide inner zone of the cortex and the corticomedullary zone appeared entirely 
normal. There was some radial scarring of the medulla. Figure II shows the 
fibrosed peripheral zone of the cortex and the deeper unchanged zone. 


Protocol 18.— In dog A 43, long haired, female mongrel, weighing 14.8 Kg., 
hydronephrosis was produced for thirteen days followed bj' a period of repair 
of one hundred and fifty-four days. 

.The preoperative blood urea was 27 mg. per hundred cubic centimeters. 

June 17, 1925 : ' The right ureter was ligated. 

On June 25, the blood urea was 30 mg.; on June 30, 34 mg. 

June 30: The right ureter was implanted into the bladder after a period of 
thirteen days of complete ureteral obstruction. 

July 8 : Tbe condition of the dog was good. She weighed 14.6 Kg., and the 

blood urea was 30.3 mg. 

On July 31, the blood urea was 24 mg.; September 24, 22 mg.; October 16, 
25 mg.; November 13, 31 mg. 

December 1 : The dog died after an apparent illness of a few weeks. 


Nccro/>sy.-There were no external signs of injury. There was a thick puru- 
lent exudate throughout the mediastinum. The pleural cavities and lungs vere 
not involved. The esophagus showed no perforations, nor did the fachea or 
large bronchi. The source of the infection was undetermined. The 
pericardium were normal. All abdominal organs except t e 'i nejs were ” 

The right kidney was slightly smaller than the left. Its ureter and pelvis showed 
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H'diiey of dog A 28, protocol 17. The kidney bad 
se^lnfp ^ twelve dajs and allowed a repair period of two hundred 
m competition" with its undisturbed mate. A shows the fibrosed 
R tlio A cortex, with atrophic tubules and concentration of glomeruli • 

fibrosis; x^'cc atrophy or interstitial 
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a slight degree of dilatation, but the kidney was otherwise grossly normal. The 
anastomosis between the right ureter and the bladder was patent. The left kidney 
appeared to be normal. The weights and measurements of the kidneys were: 


Weitrht 

Right 

Left 

Lencth 






Anteroposterior diameter 

Capacity of pelvis 

Cortex 

5.0 cc. 

3.0 cm. 
5.5 cc. 

7.0 mm. 


The appearance of the kidney's is shown in figure 8. 

Pyelograms of both kidneys were made (fig. 9). Aside from the slight dilata- 
tion of the right ureter, no remarkable difference between the two sides was noted. 

Histologic Observations . — Except for a reduction of the thickness of the cortex 
with radial scarring of the medulla of the left kidney, there was no histologic 
difference between the two kidneys of this animal. 

Protocol 19. — In dog A 3S, a brown and white female mongrel, weighing 10.2 
Kff-i hydronephrosis was produced for sixteen days followed by a period of repair 
of ninety-one days. 

May 18, 1925 : The blood urea was 29 mg. per hundred cubic centimeters. 

lifay 20: The right ureter was ligated. 

On May 25, the blood urea was 41 mg.; on June 3, 43.2 mg. 

June 5; The right ureter was implanted into the bladder after a period of 
sixteen days of complete ureteral obstruction. 

On June 8, the blood urea was 48.8 mg.; June 15, 42 mg.; June 24, 42 mg.; 
July 8, 27.6 mg.; July 31, 26.1 mg. The dog appeared weak and mangy, and 
weighed 6.8 Kg. on July 8. 

September 4: The dog was killed in a fight. 

A^ccropsy . — There was a wound in the chest which opened into the left pleural 
cavity and also a wound of the left lumbar region through which the left kidney 
had been lacerated. The dog was somewhat emaciated. The right kidney was 
small and firm. The anastomosis between the right ureter and the bladder was 
patent. There was some dilatation of the right ureter and renal pelvis. The 
left kidney was lacerated, but otherwise seemed to be a normal hypertrophied 
organ. The weights and measurements of the kidneys were: 



Right 

Left 


11.8 Gm. 

28.7 Gm. 



6.7 cm. 



3.1 cm. 



2.4 cm. 


2.0 mm. 

5.0 mm. 


The appearance of the kidneys is shown in figure 8. 

The pyelogram of the right kidney showed a rather small organ. The ureter 
and renal pelvis show'ed some dilatation but this was not marked. 

Histologic Observations— The left kidney showed no abnormality on histologic 
examination. 

The right kidney showed a complete disappearance of the cortex corticis with 
a thickened capsule. The capsular thickening was irregular and occasional pro- 
longation of the fibrous connective tissue extended down into the underlying corte.x 
Only a narrow zone of the cortex adjacent to the medulla contained norma 
glomeruli and tubules and was comparatively free from the interstitia rosi. 
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which invaded most of the cortex and medulla. Here again there was a concen- 
tration of atrophic glomeruli in the peripheral zone of the cortex. There was a 
mild degree of pyelonephritis. 

Protocol 20.— In dog A 42, a brindle male mongrel, weighing 13.6 Kg., hydro- 
nephrosis was produced for thirteen days, followed by a period of repair of 
seventy-eight days. 

The preoperative blood urea was 18 mg. per hundred cubic centimeters. 

June 17, 1925: The right ureter was ligated. 

On June 25, the blood urea was 53 mg. ; on June 30, 42 mg. 

June 30: The right ureter was implanted into the bladder after a period of 
thirteen days of complete ureteral obstruction. 

July 8: The blood urea was 67.6 mg., and the weight, 12.5 Kg. The general 
condition of the dog was good. 

July 31 : The blood urea was 24.9 mg. 

September 16: The dog was killed. 

Necropsy . — The organs were essentially normal except the kidneys. The right 
kidney was smaller than the left but it consisted of normal firm parenchyma. The 
right ureter and pelvis showed slight dilatation. The anastomosis between the 
right ureter and the bladder was patent. The left kidney was a normal hyper- 
trophied organ. The weights and measurements of the kidneys were: 



Right 

Left 

Weight 

28.8 Gm, 

38.3 Gm. 

Length 


6.0 cm. 

Transverse diameter 


3.3 cm. 

Anteroposterior diameter 

2.1 cm. 

2.8 cm. 

Capacity of pelvis 


2.4 cc. 

Cortex 


7.0 mm. 


The appearance of the kidneys is shown in figure 8. 

Pyelograms of both kidneys showed a mild degree of dilatation of the right 
ureter and pelvis, but no other remarkable changes were noted (fig. 9). 

Histologic Obsei-vatiotis . — There was no histologic difference between the right 
and the left kidneys except the reduction in width of the cortex of the right kidney. 

Protocol 21. — In dog A 9, a mongrel poodle, weighing 8 Kg., hydronephrosis 
was produced for twelve days followed by a period of repair of seventy-one days. 
On Nov. 13, 1924, the blood urea was 37.4 mg.; on November 14, 26.6 mg. 
December 5: The right ureter was ligated. 

On December 8, the blood urea was 26.1 mg. ; December 11, 32.4 mg. ; December 
13, 46 mg. 

December 17 : The right ureter was implanted into the bladder after a period 
of twelve days of complete ureteral obstruction. 

On December 23, the blood urea was 46.8 mg.; December 26, 48.5 mg.; Jan. 6, 
W2S, 37.4 mg.; January 13, 39.2 mg,; January 27, 35,5 mg. (weight, 5.5 Kg.) ; 
'ebruary 3, 41.6 mg.; February 13, 43 mg, (weight, 5.3 Kg.). The dog developed 
mange on February 13. 

February 26; The blood urea was 67.4 mg. The mange was severe and the 
general condition was poor. The dog was killed with ether. 

jVccropry.— There was some consolidation in the lower lobe of each lung. The 
ner, spleen, pancreas and adrenals were normal. The small intestine was found 
to contain a large number of worms. The right kidney was somewhat smaller 
lan tw eft. The right ureter and pelvis were dilated. The parenchyma of the 
nglit kidney was firm and grossly appeared to be normal. The anastomosis 
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between the right ureter and tl,e bladder was patent. The left kidney was norma!. 
The weights and measurements of the kidneys were: 


Weight 

Length 

Transverse diameter 

Anteroposterior diameter. 

Capacity of pelvis 

Cortex 


Right 

16.0 Gm. 

4.6 cm. 

2.7 cm. 

1.7 cm. 

3.0 cc. 
4.5 mm. 


Lelt 

22.0 Gm. 

5.1 cm. 

3.1 cm. 
2.3 cm. 
2.5 cc. 

5.0 mm. 


The appearance of the kidney is shown in figure 8. 

Pyelograms were made of both kidneys (fig. 9), and aside from the slight 
dilatation of the right ureter and pelvis no abnormalities were seen in either, 
pyelogram. 


Histologic Obsciuatioiis . — There was no histologic difference between the right 
and left kidneys e.xcept the reduction in the cortex of the right kidney. 

Protocol 22. — In dog A 10, a short haired, brown female mongrel, weighing 
5.5 Kg., hydronephrosis was produced for thirteen days followed by a period of 
fifty-six days. 

The preoperative blood urea was 30 mg. per hundred cubic centimeters. 

Dec. 6, 1924: The right ureter was ligated. 

On December 8, the blood urea was 56.1 mg.; December 11. 50.1 mg.; 
December 13, 57 mg. 

December 19 : The right ureter was implanted into the bladder after a period 
of thirteen days of complete ureteral obstruction. 

On December 23, the blood urea was 59.1 mg.; December 26, 56 mg.; Jan. 13, 
1925, 41.6 mg. ; January 27 (weight, 5.7 Kg., and general condition good) ; Febru- 
ary 3, 50.6 mg.; February 13, 60.5 mg. 

February 13 : The dog was killed. She weighed 5.9 Kg. 

Necropsy . — The organs were essentially normal except the kidneys. The right 
kidney was somewhat smaller tiian the left ; the parencb 3 ’ma was firm ; the ureter 
and pelvis were slightly' dilated. The anastomosis between the right ureter and 
the bladder was patent. The left kidney was normal and somewhat hypertrophic. 
The weights and measurements of the kidneys were: 



Right 

Left 

Weight 

9.7 Gm. 

15.4 

Gm. 

Length 


4.S 

cm. 

Transverse diameter 

. 2.2 cm. 

2.b 

cm. 

Anteroposterior diameter 


2.2 

cm. 

Capacity of pelvis 

. . . , 4.0 cc. 

3.5 

cc. 

Cortex 

... 4.0 mm. 

4.0 

mm. 


The appearance of the kidneys is shown in figure 8. 

Pyelograms were made of both kidneys (fig. 9), and these were found to be 
normal except for the dilatation of the right ureter. 

Histologic Observations . — The left kidney showed no abnormality on histologic 
examination other than a mild pyelonephritis, . • i i 

The right kidney showed a diffuse interstitial fibrosis most marked m tlie sub- 
capsular zone of the cortex. The capsule was thickened and there was a concen- 
tration of glomeruli immediately beneath it. Some of tlic glomerul. appeared 
normal and occasional groups of normal appearing tubules extended up into the 
densely fibrosed cortex corticis. There was a diffuse atrophy of both tubules an 
glomeruli. Deeper in the cortex there were many radially- disposed ^ 

occasional atrophic glomeruli. The medulla showed a patchy increase 
connective tissue. There was a mild pyelonephritis. 
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Protocol 23.— In dog A 46, a black and brown male mongrel, weighing 12.6 Kg., 
hydronephrosis ptodiwed lor nineteew days followed by a period of repair of 
forty-three days. 

The preoperative blood urea was 36 mg. per hundred cubic centimeters. 

July 1, 1925: The right ureter was ligated. 

July 20: The blood urea was 44.2 mg. The right ureter was implanted into 
the bladder after a period of nineteen days of complete ureteral obstruction. 

On July 22, the blood urea was 43.2 mg.; July 27, 53.5 mg.; August 4, 45.6 mg. 
(weight, 12.6 Kg.) ; August 13, 36.1 mg. 

September 1 : The dog was killed. 

Nccrofisv. — Only the kidneys were preserved at autopsy. The right kidney was 
definitelj' smaller than the left but the parenchyma was firm and grossh’ appeared 
normal. There was a slight dilatation of the right ureter and pelvis of the right 
kidne}'. The left kidnej' was a normal hypertrophied organ. The weights and 
measurements of the kidneys were; 




Length 

Transverse diameter 

Anteroposterior diameter. 
Cortex 


Kight 
19.5 Gni. 
5.5 cm. 
2.4 cm. 
2-0 cm. 
5.0 mm. 


Left 

41.0 Gm. 

6.3 cm. 
3.5 cm, 

3.4 cm. 
7.0 mm. 


The appearance of the kidneys is shown in figure S. 

Histologic Observations . — Left Kidney: No pathologic changes were noted. 

In the right kidnej', there was a slight diffuse increase in the interstitial fibrous 
connective tissue throughout the kidney. This fibrosis was most marked in the 
corte.'c corticis and the outer zone of the corte.': proper. Here there were a 
number of fine radial scars, broadest at the capsule and e.vtending toward the 
medulla. In the vicinity of the scars there was considerable atrophy of both 
tubules and glomeruli, many of the latter being fibrotic. In general, however, the 
glomerular tufts were plump and cellular. The glomeruli were smaller and 
appro.ximated one another more closely than in the left kidney. 

Protocol 24. — In dog A 39, a brown and white female mongrel, weighing 
^•6 Kg., hydronephrosis was produced for sixteen days followed by a period of 
repair of twenty-four days. 

3Iay 18, 1925; The blood urea was 30.5 mg. per hundred cubic centimeters. 

Maj' 20 ; The right ureter was ligated. 

On May 25, the blood urea was 30.3 mg.; on June 3, 48.3 mg. 

June 5; The right ureter was implanted after a period of sixteen days of 
complete ureteral obstruction. < 

On June 8, the blood urea was 41.6 mg.; June 15, 32 mg.; June 24, 34 mg. 

June 29; The dog was killed. 

A ccropsy. All the organs were normal except the kidneys. The right kidney 
was definitely smaller than the left and showed some dilatation of the pelvis and 
ureter. The parenchyma was firm. The anastomosis between the right ureter and 
the bladder was patent. The left kidney Tvas a normal hypertrophied organ. The 
weights and measurements of the kidneys were : 


Weight 


Left 

Length 



Transverse diameter 



Anteroposterior dinmptpr 



Corleic 



Capacity of pelvis... . 


*^.0 cc. 
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The appearance of the kidneys is shown in figure 8. 

Pyelograms were made of both kidneys (fig. 9). The right kidney appeared 
definitely smaller than the left and its ureter was slightly dilated, but aside from 
these changes the two kidneys appeared to be normal. 

Histologic Obsd-vations.—Tht glomeruli in the left kidney were large and the 
tufts plump, in most instances filling their capsules. The organ was very 
hyperemic, many of the interlobular vessels being greatly distended. 

There was marked tubular atrophy of the right kidney with degeneration of 
tubular epithelium. The atrophy was particularly sev'ere in the cortex corticis and 
in the outer zone of the cortex proper giving this part of the kidney a compact 
appearance with concentration of glomeruli. There were many instances of 
tubular epithelial regeneration, and the regenerated tubules stood out in sharp 
contrast to the collapsed atrophic ones. Many of the glomeruli in the zone of the 
cortex had capsules of normal size but only a small portion of the tufts still intact. 
The greater part of such a glomerular tuft was represented by a granular 
basophilic mass containing a few fragmented and pyknotic nuclei h'ing free in the 
capsular space. Deeper in the cortex there were many normal appearing glomeruli, 
but here as well as in the medulla there were many collapsed tubules with degen- 
erated epithelium. 

In these experiments, which bear more directly on the subject of 
renal atrophy of disuse, the right kidney was injured by the production 
of a complete ureteral obstruction which existed in the various experi- 
ments from twelve to nineteen days. After the obstruction was relieved, 
the injured right kidney was placed “in competition” with the hyper- 
trophic left kidney, and this period extended from twenty-four to eight 
hundred and seven days. According to Hinman’s theory, the right 
kidney was thus placed at a distinct disadvantage, first because of the 
injury itself and secondly because its mate had become hypertrophied 
and accustomed to having the entire demand for renal function placed 
on it. 

The important questions which arise concerning the fate of the right 
kidney are as follows : Does it undergo progressive atrophy and become 
a functionless and worthless organ ? What are the gross and histologic 
changes that talce place in it? 

In the early part of the “competitive period” we must expect some 
rapid changes to occur in the right kidney. With relief of the obstruc- 
tion the kidney soon changes from a large dilated structure to a con- 
siderably smaller and firmer organ. The ureter and extrarenal jrartion 
of the pelvis frequently remain permanently dilated, but the dilitation 
of the intrarenal portion of the pelvis may entirely disappear as in 
dog A 28, protocol 17 (figs. 8 and 9). In no experiment did the atrophy 
approach completeness and, in fact, there is no conclusive evidence that 
any atrophy occurred following the release of the hydronephrotic pres- 
sure. From our histlogic studies it would appear that during the period 
of ureteral obstruction numerous uriniferous units (tubules and 
glomeruli) were either destroyed or so severely damaged that necrosis 
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followed in spite of the removal of the obstruction. These damaged 
units gradually disappeared, and with their disappearance there developed 
considerable interstitial fibrosis, and within a period of ten or eleven 
Aveeks even the fibrous tissue had disappeared. It seems possible that 
this gradual but complete disappearance of these injured uriniferous 
units may account for the smaller relative size of the right kidney in 
some of those experiments in which there was a long period of repair 
rather than a true progressive atrophy of disuse. 

The right kidney from dog A 27, protocol 13, seemed to be a function- 
ing organ and by weight made up 36 per cent of the total renal mass even 
though the period of “competition” had lasted eight hundred and seven 
days. Both grossly and microscopically (figs. S and 10), this kidney 
consisted of tissue which was important, if not for active function, cer- 
tainly as renal reserve. The excretion of phenolsulphonphthalein by 
this kidney was 14 per cent in 14 cc. of urine in one hour with an 
appearance time of eight minutes. The left kidney excreted 44 per 
cent of the dye in 20 cc. of urine with an appearance time of four min- 
utes. The right kidney in dog A 41, protocol 14, constituted only 25 
per cent of the total renal mass, but it had not undergone complete 
atrophy even though its ureter had been completely obstructed for six- 
teen days and the kidney had remained in “competition” with its hyper- 
trophied mate for seven hundred and twenty-eight days. This injured 
kidney excreted only 10 per cent of phenolsulphonphthalein in 8 cc. of 
urine in one hour with an appearance time of fifteen minutes. The left 
kidney excreted 50 per cent of the dye in 18 cc. of urine in one hour 
with an appearance time of four minutes. The right kidney of dog A 34, 
protocol 15, also constituted only 25 per cent of the total renal mass and 
still showed some hydronephrosis after a repair period of four hundred 
and sixty-five days. The parenchyma of this organ was limited almost 
entirely to each pole, and grossly this kidney appeared to be more 
atrophic than any of the others. 

If the injured kidney underwent progressive atrophy, we should 
expect the experiments of the longest “competitive” period to show the 
greatest degree of atrophy. This is not at all striking in these experi- 
ments. The percentages of the renal mass made up by the right kidneys 
in the^ experiments of longer duration are somewhat below those in the 
experiments of short duration, but this difference may well lie within the 
limits of experimental variation or may be explained by the histologic 
observations. Some of the experiments showed a rather surprising degree 
o repairjather than progressive atrophy. This was especially marked in 
og A 43, protocol IS, in which after a period of thirteen da3's of com- 
pete ureteral obstruction and a period of repair of one hundred and 

t} - our days the relative weights of the kidneys were almost the same. 
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The studies of the blood urea in these experiments showed no con- 
stant 01 definite chang'es. In some of the sniwsls a temporary rise was 
noted after the ligation of the right ureter. 

Tlie histologic studies in this group of experiments are especial!)' 
noteworthy. The left, undisturbed kidneys of these animals served as 
controls and in most instances were normal. One animal showed 
changes indicative of chronic, diffuse glomerular nephritis, while several 
were the seat of a pyelonephritis which was in no case severe. The 
glomerular tufts were in general plump and hyperemic and often there 
was a collection of serum precipitate within the capsules. 

The right kidneys were hydronephrotic and showed changes that 
varied with the length of the recovery period. This variation was not 
absolutely uniform, some animals showing greater repair in shorter 
periods of time than others. In general, however, the following sequence 
of changes could be traced throughout the series. 

The right kidney of dog A 39, protocol 24, which was obstructed for 
sixteen days and followed by a repair period of twenty-four days, showed 
changes only slightly more advanced than those observed in the right 
kidneys of the dogs of series I. The damage was most severe in the 
cortex corticis and in the outer zone of the cortex proper while the 
deeper zone of the cortex appeared normal (fig. 11). There was wide- 
spread degeneration of tubular epithelium with tubular atrophy and 
collapse. The glomeruli appeared to be concentrated in the damaged 
zone, and although the capsules were of normal size tiie tufts were 
exceedingly small. The decrease in the size of the glomerular tufts was 
not due here to a contraction but to loss of substance, and frequently a 
mass of necrotic cellular tissue still clung to the remnant of tuft while in 
other instances the capsular space was partially filled with a structureless 
granular basophilic mass containing a few fragmented or pyknotic nuclei. 
Some of the tubules were represented by a small group of degenerated 
epithelial cells enclosed by a basement membrane while others were 
lined by young regenerated epithelium containing mitotic figures. With 
a longer period of repair the fibrous connective tissue reaction to the 
injury was manifest. The cortex corticis was completely atrophic and 
persisted only as an irregular thickening of the capsule. There was 
marked interstitial fibrosis of the outer zone of the cortex proper with 
radial extensions of the scarring toward the medulla. There was con- 
traction of the fibrosed zones with concentration of glomeruli many of 
■which showed degeneration and fibrosis. Later many of the glomeruli 
shrank until only a small scar marked their location. The damaged 
tubules went on either to complete atrophy and disappearance or to 
epithelial regeneration and restitution. In this stage there was consider- 
able fibrosis of the medulla and in some cases there was a proliferation 
of the perivascular fibrous connective tissue. 
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In five of the nine animals in which the period of repair was seventy' 
days or more there was no histologic difference between the right and 
left kidneys except the reduction in thickness of the right cortex 
(fig. 10). There was no trace of the destroyed renal tissue in the right 
kidney of these animals. This observation was of especial interest in 
view of the fact that there was a definite mass reduction in the majority 
of the right kidneys and yet there were no signs of the atrophied struc- 
tures. This would suggest that a glomerulus damaged in the course of 
hydronephrosis becomes atrophic and can eventually disappear without 
leaving any trace. 

As has already been mentioned, the cortex corticis and outer zone of 
the cortex proper suffered the greatest damage while the deeper zone of 
the cortex and the corticomedullar}' zone appeared unchanged in recent 
as well as older injuries. This would seem to indicate that the distribu- 
tion of the damage was associated with the vascular supply of the organ 
and that the arterial compression incident to the hydronephrosis affected 
to the greatest degree those glomeruli which were supplied by the 
terminal branches of the interlobular arteries and that those glomeruli 
whose blood supply was derived from the larger vessels closer to the 
arcuate arteries were not damaged by such periods of hydronephrosis as 
these kidneys experienced (fig. 11). Hinman and Morison® arrived at 
the same conclusion by arterial injection experiments, and stated that 
that portion of the kidney receiving the largest and most direct blood 
supply persisted longest and continued to secrete against the intrapelvic 
pressure. 

SUMMARY AND CONCLUSIONS 

Our experiments may be divided into three groups : 

Group I: In these experiments the right ureter was completely 
olistructed for periods varying from thirteen to sixteen days, following 
which the animals were killed in order that the changes thus produced in 
the kidneys might be studied. These experiments demonstrated that 
sucli a period of ureteral obstruction caused a fairlj' marked degree of 
hydronephrosis and renal damage. 

Group II; In these experiments the right ureter was completely 
obstructed for periods varying from eleven to nineteen days, following 
which the obstruction was relieved and several days later the hyper- 
trophic left kidney was removed. In this way the entire load of renal 
function was placed on the injured kidney. The period of repair varied 
letween thirty-four and eight hundred and twenty-eight days. 

-. Hinman, F., and Morison, D. M. : Experimental Hydronephrosis : Arterial 
Uianges ,n Progressive Hydronephrosis of Rabbits with Complete Ureteral 
ubstriiction, Surg. Gynec. Obst. 42:209 (Feb.) 1926, 
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These experiments definitely showed that the injured kidney could 
undergo a remarkable degree of repair and hypertrophy if the demand 
weie placed on it. 

Group III ; In these experiments the right ureter was completely 
obstructed for periods varying from twelve to nineteen days, following 
which the obstruction was relieved and the injured kidney was allowed 
to act in “competition” with its undisturbed and hypertrophic mate. 
This period of "competition” varied between twenty-four and eight 
hundred and seven days. 

This group of experiments bears more directly on the question of 
renal atrophy of disuse. In no experiment did the injured kidney go on 
to complete atroph}' even though in four of the experiments the period 

Taiile 3 — Data on Dogs ‘with Repair of Hvdioiicpinotic Kidney with the 
Hvl>cyt}oi^hic ^late Undisttnhed 
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of “competition” lasted from one to over two years. Instead of complete 
atrophy we found that the injured kidneys represented from one-fourth 
to almost one-half the total renal mass. The pyelographic studies 
showed that in most instances there was a return to a relatively normally 
shaped pelvis, although frequently the extrarenal portion of the pelvis 
and the ureter remained somewhat dilated. 

The histologic studies, which were made in all of the experiments, 
may be summarized as follows : 

1. The immediate effects of renal obstruction were manifested first 
by tubular degeneration and later by glomerular damage. Many of the 
glomerular tufts underwent partial or complete necrosis with subsequent 
disappearance of all or part of the renal unit. 

2. Those kidneys which after a period of total ureteral obstruction 
ranging from twelve to nineteen days were allowed fay relief of the 
obstruction to work in “competition" with their hypertrophic and undis- 
turbed mates showed no evidence of progressive atrophy. The injured 
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renal elements either recovered or completely disappeared. In those 
experiments in which the period of repair was seventy days or more, 
histologic differences between injured and noninjured kidneys were not 
seen in five of nine animals. The other four showed varying stages of 
recovery. 

3. Those kidneys which after a period of total ureteral obstruction 
ranging from eleven to nineteen days were forced to carry the entire 
functional load recovered rapidty, and no trace of the damaged renal 
units could he seen after a period of repair of forty-two days or more. 

Our experiments did not demonstrate any renal atrophy of disuse 
and, in fact, strongly suggest that such atrophy does not occur. 

In view of the experimental data presented, the theory of renal 
counterbalance need not be seriously considered in deciding the surgical 
treatment for certain renal lesions. 


THE DELBET APPARATUS AND THE END-RESULTS* 


EDWARD T. CROSSAN, H.D. 

PHILADELPHIA 

The ability to apply knowledge is a valuable possession. By this 
faculty, Delbet has applied the common knowledge of surface anatomy 
to the development of a new treatment for fractures of the leg and of 
the ankle. He has utilized the prominence of the malleoli and the pro- 
jections of the internal tuberosity of the tibia and of the head of the 
fibula as points d’appui for a splint which will fix the fracture without 
immobilizing the knee or ankle. With good function as the goal of 
the treatment, Pi'ofessor Delbet could not have overlooked a method of 
securing good reduction and solid union. 

Good reduction easily secured, consolidation of the fracture stimu- 
lated, good function restored in a comparatively painless manner and the 
disability reduced to a minimum period without the aid of physio- 
therapy are the benefits I hope to demonstrate by describing again 
the Delbet apparatus and by reporting the end-results with this method 
of treatment. 

DELBET APPARATUS 

Materials. — 1. A thin, flat board is used, which is covered on one side by zinc 
and to one end of which is attached a pulley at such a height that traction over it 
will be directly in the long^ axis of the bones of the leg (fig. 1, A). The pulley 
is movable laterally so that any lateral deformity can be corrected without dis- 
turbing the fracture. 

2. A scultetus, or many-tailed bandage, made long enough to extend from the 
heel to the knee is used; the loose ends on each side are wrapped in a narrow 
piece of cardboard for convenience in handling. 

3. Four splint forms made of crinoline are needed. Figure 2 shows in detail 
the measurements and the shapes of the forms. The forms are basted down the 
-middle (the dotted line on the form in figure 2). Plaster of paris is incorporated 
in each layer of the crinoline as in the preparation of a plaster bandage,’ and 
the forms, with their meshes filled with the dry powder, are wrapped in waxed 
paper and stored until occasion for use arises. 

. METHOD 

Preliminary Procedures.— The board, zinc side up, is placed beneath the frac- 
-tured limb.- To prevent rotation of the fragments, the toes of the injured limb 
are held by an assistant. The leg is washed with soap and water, rinsed with 

* Submitted for publication, March 16, 1929. 

* From the clinic of Dr. A. P. C. Ashhurst, Episcopal Hospital. 

1. This method of the preparation of the forms differs from the directions 
laid down by Delbet, and the cause for the modification will be noted later in tlie 
-paper. 
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alcohol and powdered; shaving is not necessary. Next, the scultetus is gently 
worked into position between the leg and the board (fig. 1, B). 

Redt(cUon.~A stirrup is made by using two strips of narrow flannel bandage 
(3 by 45 cm.). One strip is placed beneath the tendo achillis and above the heel. 
The second strip is passed over the dorsum of the foot, just distal to the ankle 
joint. The strips are crossed on each side below and posterior to the malleolus, 
and at the point of overlapping they are stitched together (fig. 1, D). The four 
loose ends (two from each strip) are carried to a suitable distance below the sole 
of the foot, and a loop is made by tying or stitching the ends together. To the 
loop (fig. 1, C) is attached the rope which will carry the weights. 

The weights are added gradually so as to prevent spasm of the muscles. No 
manipulations (attempts to push fragments into place) are employed. If the 
preceding instructions are observed there is little pain, and no anesthetic is 
required. The pain ceases as soon as the weight begins to act. Repeated measure- 
ments are made to determine reduction. When reduction has been obtained, the 
splint is applied without disturbing the traction apparatus. 

Application of the Splint . — Step 1: The ankle and the knee forms (fig. 2) 
are immersed in water, and when they have been saturated, they are spread out 
on a table and plaster of paris powder is sprinkled over both sides of each splint. 

Step 2 : The ankle form is placed in position by (a) passing one of the narrow 
ends through the gap which exists between the heel and the point where the calf 
of the leg comes into contact with the board; (b) gentle traction pulls through 
one of the wings (the area 12 cm. wide in figure 2) ; (c) the notch in the form 
is placed above the os calcis ; (d) the wings are placed opposite the malleoli and 
the lower end carried down to within 1 cm. of the sole, and (r) the narrow ends 
and the entire form of crinoline are spread out on the board. 

Step 3: The knee form (fig, 2) is passed under the knee, across the popliteal 
space. By seesaw motions it is moved downward to a position below the tibial 
tubercle, and the ends are spread out on the board. 

Step 4 : During steps 2 and 3, an assistant soaks the side forms by the method 
described in step 1. These forms are applied to the sides of the leg from the 
knee to within 1 cm. of the sole and then turned upward on themselves so as to 
provide an e.xtra support for the subastragalar joint and the ankle joint. 

Step 5 : The spread out ends of the ankle piece are carried obliquely upward 
across the front of the leg and onto the opposite side splint. The ends must be 
crossed at or slightly above the point where the tendon of the tibialis anticus 
becomes subcutaneous. This ankle piece thus holds the lower ends of the side 
splints against the malleoli and the sides of the leg. 

Step 6; The ends of the knee piece are carried across the front of the leg 
over the tibial tubercle, and serve to hold the upper ends of the side splints against 
the leg. Figure 3, A shows the splint applied and the manner of crossing of the 
extremities of the ankle and knee forms. 

Step 7: The ends of the scultetus (fig. 1, B) arc unwrapped from their card- 
board and the strips are crossed obliquely from below upward. 

Step 8 : When the plaster has set firmly enough to give a clear sound on 
tapping with the fingers, the weights are removed and the stirrup is cut on the 
dorsum of the foot, and is removed entirely. The continued traction preven s 
displacement of the fragments during the application and setting o t ic sp in . 
Traction should not be continued longer than twenty-five minutes, because ot t le 
danger of sloughs over the dorsum of the foot or on the heel. 
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Witli the aid of two assistants, the surgeon usually can apply the Delbet 
apparatus m from ten to twelve minutes, including the time allowed for the weight 
traction to overcome the deformity. Figure 3 shows the splint applied. 

PRECAUTIONS 

The precautions to be observed in applying tite splint are as follows ; 

1. No attempts at manual reduction should be made during the 
process. 

2. The knee pieces should not be carried too high because full 
flexion of the knee would be prevented. 

3. The ankle pieces should be crossed above the point where the 
tibialis anticus becomes subcutaneous. If they are crossed below this 
point, a pressure sore will result from rubbing of the tendon against the 
edge of the splint when the foot is dorsiflexed. 

4. The side pieces should not extend as far down as the sole. 

5. Traction should not he too prolonged. 

TREATMENT AFTER APPLICATION 

The patient is returned to bed, the leg is elevated high (six pillows) 
and is surrounded by ice bags. By the strict observance of these regu- 
lations swelling can be prevented. If swelling should occur, a vicious 
cycle would be established resulting in troublesome ulcers. 

The day following the application, the scultetus is removed, and on 
the same day active motions of the knee and ankle are started. Most 
patients are able to raise the limb from the pillows and kick it around 
activel)' the morning after the splint has been applied. In a weelc or 
ten days, the patient is removed from bed and is advised to bear weight 
on the injured limb with the support of crutches; at each step the 
patient bends the knee, bends the ankle and comes up on the toes. 
During the third or fourth week the crutches are discarded for a cane, 
and at about this time some patients, particularly children, walk without 
any support. The splint is removed in six weeks, and the patient 
returns to work as soon as confidence in the injured limb is regained. 
Many patients will not use the injured limb as advised, unless the sur- 
geon takes the trouble to walk with them at first to instruct them. 
When they have learned, they will walk, gladly. 

SUMJIARY 

The fracture, as all fractures should be, is reduced immediately. 
The reduction is bj^ gradual traction, and the fracture is immobilized 
by a splint which does not interfere with motions of the knee or ankle 
(fig. 3). Walking encourages consolidation, because the medullary 
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callus is approximated in the weight-hearing.- Displacement of the 
fragments is prevented by the close application of the side splints to the 
bony prominence of the leg. 

END-RESULTS 

In the compilation of the accompanying tables, I have adhered 
strictly to the definitions of the Fracture Committee of the American 
Surgical Association : 

1. The anatomic result means the position of the fragments at the 
time of union. 

2. A bad anatomic result is one in which there is gross deformity, or 
shortening of more than 2 cm. 

3. Moderate anatomy is a variant of the foregoing results. 

4. Good anatomy indicates that there is no appreciable deformity. 

5. If there are no s 3 unptoms, the result is classed as good function. 

6. Pain in damp weather or swelling, limp or lessened endurance 
classify the result as moderate function. 

7. Bad function means that the earning capacit}' was reduced, that a 
change of occupation was necessary or that there was a serious inter- 
ference with the functions of the joints. 

The splint was first used in the Episcopal Hospital during October, 
1922. In this study are included all of the patients with fractures of 
the leg and of the ankle admitted to Dr. Ashhurst’s service between 
October, 1922, and October, 1927, excluding those of 1928, because in 
some of the cases, the results are too recent to be classed as end-results. 

During the five year period ninety-nine patients were admitted. 
In two of the patients the fractured leg was the less severe injury, and 
death occurred a few hours after admission. A third patient had an 
amputation of the leg for uncontrollable hemorrhage from a compound 
fracture. A fourth patient, not treated by the Delbet method, died from 
fat embolism soon after the removal of a Steinmann pin. 

Seventeen of the ninety-five cases of fractures were unsuitable for 
the Delbet method, and twelve other patients were not treated by it; 
the site of the fracture and the variety of the fracture in these twenty- 
nine cases are shown in tables 1 and 2. At this point it should be 
noted that the unsuitable cases are ( 1 ) fractures above the middle third 
of the leg because the immobilization for such fractures should include 
the knee, and (2) severe compound fractures or fractures complicated 
by severe lacerations or abrasions, because the splint interferes with 
dressings; however, in these cases the splint can be used when the 
wounds are healed. 

2. J. F. Cowan recently sliowed that the separation of the medullary callus 
IS probably the cause for nonunion (Ann. Surg. 88:749, 1928). 
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Sixty-six patients, or 87 per cent of the suitable cases, were treated 
by the Delbet method, and if the twelve patients noted in table 2 had 
had this tieatment, the results to be reported subsequently would have 
been more impressive. Fifty-three of the sixty-six patients treated by 
the Delbet method have been traced : one patient died of carcinoma of 
the stomach soon after discharge from tiie hospital and is excluded 
from the study. 


Table 1 . — Unsuitable Cases 


Fracture tuberosity tibia 

Oases 

5 

FTHctiire of spine of tiie tibia 


Severe compound fractures ... 

. 4 

Bad skin conditions 

. 4 

Children under 3 years 

f> 

Practure irith pneumonia 

\ 

Total 

17 


Table 2. — lYo/ Treated by Delbet Apparatus 


Oases 


i 


1 


12 



Table 3. — Diagnosis in Unt raced Cases* 



Cases 


5 

Shaft 0 

Fibula, 

4 

1 

2 

1 


13 




‘ Ten were over 15 j'ears or age, three were under 15 years. 


In table 3, the site and the variety of the fractures of the patients 
not traced are shown. Table 4 shows the variety of fractures, the site 
and the age incidence of the traced cases. By comparing tables 3 and 4, 
it will be seen that the fractures of patients not traced were not more 
severe than those of patients who were followed; also, the age inci- 
dence in the two groups is nearly the same. One of the untraced 
patients, a fat woman, who could not be induced to walk, had de a) e 
union on discharge (refused operation), and she probably has a ba 
result. 
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In 1921, Dr. Ashhurst and I reported before the American Surgical 
Association ^ the end-results of a series of 100 cases of fracture of the 
leg and ankle in which the patients were treated in Dr. Ashhurst’s 
clinic at the Episcopal Hospital, and in table S I have abstracted those 
results to serve as a standard for comparison with the present report. 
There are few compound fractures in the present series; therefore, 
table 5 does not include the results of any compound fractures. 

Table 4 — Diagnosis in Fifty-Two Tiaccd Cases 



Patients 

Patients 


Under 15 Tears 

Over 15 Tears 

Shalt of tibia, simple 

7 

2 

Shalt of tibia, compound 

1 

0 

Shaft of fibula, simple 

1 

2 

Shaft of tibia and fibula, simple 

5 

31 

Shaft of tibia and fibula, compound 

1 

0 

Fibula, external malleolus (Al) 

0 

1 

Shaft of tibia, incomplete 

0 

6 

Tibia and fibula at ankle (A3, A3, Pott’s) 

0 

14 

Tibia and fibula at ankle, compound 

0 

1 

Total 

15 

37 

52 patients 
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senes, however, reduction was secured in all- of the cases by the closed 
method and without any skeletal traction, whereas, in nineteen of 
eighty-five cases of simple fractures, in the report of 1921, reduction 
was obtained by the following methods; six platings, six screw fixa- 
tions at the ankle, four cases of skeletal traction (Steininann) and 
two tenotomies of the tendo achillis. The present report seems to 
prove that reduction of a fractured leg is more easily secured by the 
Delbet method of traction. 

Good functional results in this series (table 6) were obtained in 
fort 3 '-four cases, or 85 per cent, an increase of 10 per cent over those 
shown in table 5. In the report of 1921, 85 per cent of the patients 
who had good anatom}' had good function as compared to 93 per cent 
with good function in patients with good anatomy treated with the 

Table 7. — Influence of Age in Cases in Which Dcibet Apparatus Was Used* 


Vader 15 Tears 



Punct/onal 




Anatomic 

Good 

Moderate 


Bad' 

Good 

Moderate . . 
Bad 

14 (93 per cent) 
1(7 per cent) 

0 ( ) 

U (100 per cent) 

1 (190 per cent) 

0 ( ) 

( ) 

( ) 

0 ( ) 

0 

( ) 

( ) 

( ) 


15 (100 per cent) 

15 (100 per cent) 

0 { ) 

0 

( ) 

Over 15 Tears 



Fancttonal 




Anatomic 

Good 

Moderate 


Bad' 

Good 

Moderate ... 
Bad 

29 ( 79 per cent) 

0 ( 10 per cent) 

2 ( 5 per cent) 

20 (89 per cent) 

3 (50 per cent) 

0 ( ) 

2 ( 7 per cent) 

3 (30 per cent) 

1 (50 per cent) 

1 

0 

1 

( 3 per cent) 

( ) 

(50 per cent) 


27 (100 per cent) 

29 (79 per cent) 

0 (10 per cent) 

2 

( 3 per cent) 


» In n setfes of eighty adults reported b 3 ' Aslilnirst and Crofsnn in IM, anatomic 
results were the same, functional results were good, 03 per cent; moderate, S- per cent, 
and bad, 2 per cent. 


Delbet splint (table 6). It is possible that a higher percentage of 
good functional results in an accurately reduced fracture will be 
obtained by the latter method, because there are no fibrous contractures 
of the muscles nor of the ligaments ; however, I believe that the improve- 
ments in the second report can be attributed to the absence of any opera- 
tive procedure in this group. Experiences and observations have 
convinced me that there is a higher percentage of good functional results 
in fractures reduced by the closed method than in those reduced b} 
operativ'e procedures. In the series of operativ’e reductions reported in 
1921 (included in the results of table 5), only 73 per cent of the good 
reductions resulted in good function, which is 12 per cent less than t le 
results in the group here reported (table 6). Good reduction easi } 
secured will give the best functional results. 

The termination of disability denotes the restoration of goo 
tion in most cases of fractures; therefore, the period of isani} 
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should be a fairly accurate index of the efficacy of the method of treat- 
ment. In addition to good anatomy, good function depends on the 
restoration of motion in the joints bordering the fracture, on the reedu- 
cation of the muscle groups and on the establishment of an efficient 
venous return. Immobilization of a fracture of the leg or of the ankle 
by a circular cast or by a molded plaster (Stimson) splint is always 
followed by stiffness of the ankle, the knee or both joints, and by 
swelling of the leg. With the Delbet splint there is no artificial sup- 
port to the venous column, there is no interference with the motions of 
the points (except the astragalocalcanean), and there is no hindrance 
to muscle action and muscle pumping on the veins ; therefore, the stiff- 



Fig. 4. Swelling of left lower extremity after the removal of a circular cast. 


ness mentioned, or the swelling as shown in figure 4, is rarely seen. 
Furthermore, with the Delbet splint, confidence in the injured limb 
returns at an early date because of the weight-bearing during consoli- 
dation. With good reduction, immobilization of a fractured leg or 

ankle by the Delbet splint should reduce the disability to a minimum 
ixjriocl. 

In a series of thirty-seven adults, the disability was shown in thirty- 
five.* The average disability of this group was three and one-half 
months, a reduction of one-half month, or 25 per cent, over the period 

4. One of the two patients in whose cases the period of disability is unknown 
lat an incomplete fracture of the tibia; on account of litigation, he refused to 
le period of disability. The other patient, with a fracture of the shafts of 
the tihula and fibula, returned to Italy. 
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noted in the footnote of table 5, and a reduction of nine tenths of a 
montli over a series reported by the American Surgical Association in 
1921. In only one of thirtj'-five cases were baking and massage used, 
which means that there has been a great saving of time and money. 
There has been an increase of 2 per cent in the bad anatomic and of 
1 per cent in the bad functional results; however, the percentages in 
both groups are less than those reported by the American Surgical 
Association. The 4 per cent with bad anatomy and the 3 per cent with 
bad function represent three patients; one (C. G.) had bad anatomy 
and bad function, a second (H. B.) had bad anatomy and moderate 
function, and the third (R. R.) had good anatomy and bad function. 
Two of the bad results are directly traceable to failure of the splints to 
harden. 

During the first eighteen months that the splint was used, soft splints 
were a frequent occurrence. During that period the forms were pre- 

Table 8 — Results Since Jannaiy, 1924 (Twcnty-Nme Patients Ova 15 Yeats, 
Twelve Under 15 Years)* 


Good 

Moderate 

Bad 


Anatomic 


Functional 
^ — * 

Oood Moderate 


Bad' 


35 ( So per cent) 
a ( 15 per cent) 
0 ( ) 

41 (100 per cent) 


33 (91 per cent) 
3 (50 per cent) 
0 ( ) 

3S (SO per cent) 


1 ( 3 per cent) 

3 (50 per cent) 

0 ( ) 

4 ( S per cent) 


1 ( 3 per cent) 


1 ( 2 per cent) 


* The period of disability of tnentj nine adults was tiio and eighty six hundredths months 
(tno and sccentj si\ hundreths months for fractures of the )cg and two and ninetj four 
bundreths tor fractures of ttie .’nKIe) 


pared by immersion in a creamy mixture made by adding plaster of 
paris to water, the method prescribed by Professor Delbet. 

Early in 1924, at the suggestion of Dr. Winter, then a resident 
physician, Dr. Ashhurst adopted the modification noted previously in 
the discussion of splint forms under the heading materials. Since 
January, 1924, there has been onlj' one soft splint,® and in this instance 
the plaster cream method was used. 

In table S, I have compiled the results since January, 1924, In this 
group there have not been aity bad anatomic results and only one bad 
functional result. The good anatomic and the good functional results 
have not materially changed. The average period of disability m this 
group of twenty-nine adults, however, was two and nine-tenths months, 
a reduction of one and one-tenth months over the series of 1921, The 
period of disability in this group, I believe, is about the minimum that 
can be obtained by any method. 

5 A soft splint replaced bj Stimson vas followed h} peroneal palsy (R Rr 
case 2 under bad function) 
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In this series of fifty-two patients, there were twelve who did not 
obtain both good anatomy and good function. The deformities and 
the disabilities of the twelve patients are as follows : 

Moderate Anatomy (Seven Cases). — Case 1. — A child, aged 9 years, with a 
fracture of the shaft of the tibia, regained perfect function but had a slight 
bowing at the site of fracture. 

Case 2.— R. W., a man, aged 43, had had a fracture of the lower ends of 
the tibia and fibula (A3 °) for which he had been treated in another institution 
for three weeks. Final e.xamination showed bowing at the site of the tibial frac- 
ture and a shortening of 0.5 cm.; joint motions were normal, and he was free 
from symptoms. He returned to the same work in three months, and his wages 
were the same. The result was classed as good function. 

Case 3.— W. J., a man, aged 54, as a result of fractures of the lower third 
of the tibia and fibula, had a moderate fulness over the tibial fragment due to 
overriding. Shortening could not be measured, because the other leg was mark- 
edly deformed as a result of a fracture sustained eighteen years before. He 
returned to the same work, earned the same wages and was free from symptoms. 
The result was classed as good function. 

Case 4. — N. D., a woman, aged 54, had a fracture of the lower end of the 
tibia and of the external malleolus. Relatives reported that she had pain for 
two years and was disabled for one year. The final x-ray picture at the hospital 
showed slight posterior displacement of the lower fibular fragment. The result 
was classed as moderate function. 

Case S. — S. P., a man, aged 42, had a fracture of the lower ends of the tibia 
and fibula (A3). At the final examination a convexity was noted over the tibial 
fracture without shortening. In three months he returned to the same work 
and earned the same wages. There was perfect function of all the joints, but 
because he limped slightly, the result was classed as moderate function. 

Case 6. — A. D., aged 52, had a fracture of the lower ends of the tibia and 
fibula (A3). On account of slight valgus the function was classed as moderate 
anatomy. The patient returned to work in ten weeks, but the leg swelled at the 
end of the day, on account of which the result was considered moderate function. 

Case 7. — J. N., aged 50, had a fracture of the middle third shafts of the tibia 
and fibula. The function was considered a moderate anatomic result because of 
convexity over the tibial fracture and a shortening of 0.5 cm. The patient returned 
to the same work in fifteen weeks, earned the same wages and had no symptoms, 
and therefore was considered as having good function. 

Moderate Function (Six Cases). — C ase 1. — N. D., case 4 under moderate 
anatomy. 

Case 2. — S. P., case 5 under moderate anatomy. 

Case 3. — A. D., case 6 under moderate anatomy. 

Case 4. — E. C., had a Pott’s or B2 fracture with good anatomy, but dorsiflexion 
of the ankle was limited to 90 degrees. 

6. In the case reports, A3 indicates a fracture of the lower end of the fibula 
pins a fracture of the whole lower end of the tibia. B2 represents a fracture 
of the internal malleolus plus a fracture of the fibula. A1 indicates a fracture 
of the lower end of the fibula only. (.Ashhurst, A. P. C., and Bromer, R. S.: 
Classification and Mechanism of Fractures of the Leg Bones Involving the Ankle 
Arch. Surg. 4:120 JJan.) 1922.) 
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Case 5.— L, B. had a bimalleolar fracture with excellent anatomy, but had a 
rigid fiatfoot. The patient returned to the same work in fifteen weeks. 

Case 6. — H. B., to be noted under bad anatomy. 

Bad Anatomy (Two Cases). — Case 1. — G. C., aged 32, had fractures of the 
lower end of the tibia and external malleolus (B2). Two Delbet splints failed 
to harden. Final examination three years after injury showed marked valgus. 
The patient had constant pain, was disabled nine months, and the earning capacity 
was “considerably reduced.” The result also was classed under bad function. 

Case 2. — H. B., aged 54, had a fracture of the shafts of the tibia and fibula. 
Three Delbet splints failed to harden. The final result was a marked prominence 
over the tibial fracture, a shortening of the leg of 1 cm. and a limitation of 
flexion of the knee at 90 degrees. The patient returned to the same work in nine 
months and earned the same wages. The result was classed previously under 
moderate function. 

Bad Function (Two Cases). — Case 1. — G. C., case 1 under bad anatomy. 

Case 2. — R. R., a woman, aged 35, had an oblique fracture of the lower end 
of the fibula (Al). Two Delbet splints failed to harden. Stimson splints were 
applied and on removal a peroneal palsy was noted, which has persisted for three 
years. 

CONCLUSIONS 

Though the study of the entire five year period shows an improve- 
ment in functional results and a reduction of the period of disability, 

I believe that the results since January, 1924, are more representative 
of what can be accomplished by the Delbet apparatus. With this 
method, the return of function and the period of disability are depen- 
dent on the patient’s persistence in the use of the injured member. 
^^^alking on the injured leg with the splint does not cause pain; it is 
timidity which must be overcome. Reduction of the fracture is easily 
secured, and there is nothing complicated about the application of the 
immobilizing apparatus. There are, of course, certain precautions to 
observe. 



trauma to central nervous system 

ITS EFFECTS ON CARDIAC OUTPUT AND BLOOD PRESSURE 
AN EXPERIMENTAL STUDY * 
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NASHVILLE, TENN. 

Operations on the central nervous S3'stem are frequently accompanied 
by a marked diminution in the blood pressure. This decline in pressure, 
however, is not of as grave concern as a like drop in blood pressure 
during an abdominal operation. The pressure may reach a low level 
during an operation on the central ner\mus S 3 'stem, but if the operative 
procedure is stopped immediately, the pressure will usually rise without 
any artificial aid. In a report from the surgical clinic of Dr. Harvey 
Cushing, Bird ^ stated, “During operations for intracranial tumors, 
patients have been observed who, though their blood pressure remained 
too low to be recorded for from thirt3'- minutes to three hours, recovered 
after spontaneously ‘picking up’ or following transfusion, without 
detectable injur3’^ 1 ° nervous tissue or other permanent ill effect.” Most 
of these patients had lost a moderate amount of blood. 

The use of the word “shock” is intentionall3’^ avoided in the title of 
this paper because the opinion has been expressed b3’’ several competent 
investigators that the syndrome usually entitled “shock” cannot be pro- 
duced by injury to the central nervous S3'Stem. Vincent,- from his 
experience during the war, stated that he never saw a case of shock 
which resulted from an injury which was limited to the central or 
peripheral neiAmus S3'stem. Mann * said that it was impossible to pro- 
duce shock in a dog without opening the abdomen, without inducing 
hemorrhage or without traumatization of the medullary centers. He 
stated further that an animal with a ver3^ low blood pressure owing to 
section of the spinal cord in the lower cemdcal or upper thoracic region 
is not in a condition of surgical shock, because upon withdrawal of the 
anesthetic the animal will regain consciousness and respond to stimuli 
applied around the head. In Mann’s experiments, the fall of blood 

* Submitted for publication, Hay 22, 1929. 

* From tbe Department of Surgery, Vanderbilt University. 

L Bird, C. E.; Transfusions in Acute Loss of Blood. Arch. Surg. 18:1646 
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2. Vincent, C.: Contribution a I’etude de I’ctat de shock primitif chez les 
Wcsccs de guerre. Compt. rend. Soc. de biol. 81:887, 1918. 

3. Mmm, F. C.: The Peripheral Origin of Surgical Shock, Bull. Johns 
Hopkins IIosp. 25:207, 1914. 
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pressure following section of the cord was no greater than the decrease 
which immediately followed section of the abdomen and exposure of 
the viscera. He was unable to produce shock in anesthetized animals 
alter mtirs of traumatization of the great nerve trunks. Guthrie^ 
and ^¥iggers = were able to produce what they considered as shock, the 
former by prolonged stimulation of the brachial plexus, the latter by 
stimulation of sensory nerves or by crushing the testes. Shock was 
not produced in all animals in which these methods were used. Guthrie 
stated, "Susceptibility varied greatly in different dogs. Some animals 
1 eadily succumbed to brachial nerve stimulation alone ; others only when 
nerve stimulation was combined with opening the abdominal cavit)' and 
visceral manipulation ; while others were highly resistant under both 
methods.” 

The purpose in this paper is to record the changes observed in body 
temperature, pulse rate, maximum and minimum arterial blood pressures, 
cardiac output and consumption of oxygen produced b)^ trauma to the 
cerebrum, the cervical cord and the thoracic cord. 


METHOD 


Dogs were used in all of the experiments. The anesthetics which were 
employed in different instances were morphine, chloralose and barbital. The 
anesthesia produced by morphine was not sufficiently profound during the stage 
of the operation and it was supplemented by light ether anesthesia. In most 
instances, the following procedure was carried out; After the animals had been 
narcotized for varying intervals of time, control determinations of the various 
factors were made. An operation w'as then performed whicli had for its object 
the exposure of the dura overlying the area of the central nervous system which 
W'as to be traumatized. The studies were repeated at this stage. The dura was 
then opened without trauma to the brain or cord, and the third series of studies 
were performed. The brain or cord area was tiien traumatized w'ith the finger, and 
varying numbers of studies on the various functions were performed. The 
arterial blood pressure readings were obtained by placing in the femoral artery a 
cannula which was connected with a mercury manometer; ma.ximum and minimum 
valves were used in most instances. A Benedict spirometer was employed in 
determining the consumption of oxygen. The connection betw’een the animal and 
the spirometer w'as made either by the use of a tracheal cannula or by a special!) 
constructed rubber mask which made an airtight closure over the animal s mouth. 
Samples of blood were w'ithdrawn under oil and placed under oil in order to 
avoid contact with air. Arterial blood u'as obtained from the femora) artery and 
mixed venous blood from the right side of the heart. The analyses of the blood 
gases were performed w'ith the van Slyke-Neil! manomctric apparatus. The 
output of the heart was computed by the Pick principle: 


Oxygen consumption per minute 


Arterial oxygen content minus venous oxygen content through 

minute 


Number of cubic centi- 
meters of blood fiowinc 
the lungs per 


4. Guthrie, C. C; Experimental Shock, J. A. i^f. A. 69:1394 (Oct. 27) ISl/ 

5. Wiggers, C. J. : Shock and Circulatory Failure Following Trauma, Am. 
J. Physiol. 46:314, 1918. 
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RESULTS 

The effects o£ the operation, of the opening of the dura and of the 
trauma were not the same in all experiments. The observations on the 
effects of injury to the cerebrum, the cervical cord and the thoracic cord 
will be considered separately. 

Trauma to the Cerebrum.— Ten experiments were performed in this 
group. Five of the animals were anesthetized by morphine, four by 
chloralose and one by ether. Ether anesthesia was vmsatisfactory 
because of the enormous change which it caused in the output of the 
heart. The pulse rate increased in all experiments. The body temper- 
ature showed practically no change throughout the observations in the 
six experiments in which it was determined. There was little alteration 
in the oxygen content of the arterial blood. Usually the oxygen content 
of the mixed venous blood showed a progressive fall, and hence there 
was usually an increase in the arteriovenous difference. 

There was little alteration in the consumption of oxygen in most 
of the experiments. On comparing the consumption of oxygen during 
the period shortly following the operative exposure of the dura with 
that of the control period, it was found to be the same in eight of ten 
instances, and to be slightly elevated in the remaining two. Immediately 
after opening the dura, the consumption of oxygen was practically the 
same as that in the control period in seven of ten instances and was 
slightly elevated m three. Varying degrees of trauma had no effect 
on the consumption of oxygen in six of ten instances ; there was an 
increase in one experiment and a fall in three. 

The exposure of the dura was associated with no change in the 
cardiac output iir two of the ten experiments ; there was an increase in 
the cardiac output in two instances and a decrease in six. When the 
dura rvas opened, the cardiac output remained the same as that for the 
control period in two experiments ; it was elevated in one and decreased 
in seven. The fall usually consisted, in the main, of that which had 
been caused by the operative exposure of the dura, and the opening of 
the dura itself seemed to have little effect. Trauma to a cerebral hemi- 
sphere was associated with a fall in the output of the heart in seven 
of the experiments, with first a rise followed by a fall in two cases and 
by a sustained rise in one, A great deal of trauma was necessary in most 
instances to alter the cardiac output. 

Protocol 1; Feb. 8, 1929, weight of dog, 10 Kg.; 9 a. m., 0.081 Gm. morphine; 
lOHOand 11:35 a. m., control determinations; from 11:55 to 12:15, under ether 
aiiwthesia, dura of right cerebrum e.xposcd, not opened ; 12 : 30, 0.049 Gm. mor- 
piinc; 1 p. m., foryt-flve minutes after operation, determinations; 1:30, dura 
opened with no ether; 1:55, twcuty-tive minutes after opening dura, determina- 
tion'i, _;20, brain traumatized with finger for about five minutes; 2:45, twentj-- 
live nmuitcs after traumatizing brain, determinations; 3:15, fifty-five minutes after 
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traumatizing brain, determinations. 3 40, eighty minutes after trauma, determina- 
tions, 3.s0, slight additional trauma; 4.05, fifteen minutes after additional 
trauma, determinations. 

Exposure of the dura was associated with a decrease in the maximum 
blood pressure in six of the ten experiments and with no alteration in 
four. In three of the experiments tliere was a slight fall in the niaxi- 
miim pressure on opening the dura, but there was no appreciable altera- 
tion in the other instances. Trauma to the brain produced a fall in 
pressure in all experiments, but in several instances it had to be continued 
until the brain was badly macerated. Changes in blood pressure could 
be produced more readily by pressure at the base of the cerebral hemi- 

Tablf 1 — Result of Tiauma to the Ccrcbiiim, on Cardiac Output and Blood 
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spheres. It was noted that pressure in some areas at the base it Inch 
were not accurately localized was associated with marked temporary 
elevations in the blood pressure. 

The minimum blood pressure was not affected by the operative 
exposure of the dura in four of the experiments; in three instances it 
was slightly elevated, and in three it fell. After opening of the dura, 
the pressure fell slightly in five experiments and rose slightly in three 
After traumatization of the brain, the minimum pressure fell in nine of 
the ten experiments. 

the decline in maximum blood pressure, minimum blood pressure 
and cardiac output usually occurred simultaneously and to approximately 
the same degree. Increase in pulse rate usually preceded a decrease m 
the functions just mentioned. 

Protocols and tables 1 and 2 give the data on individual experi- 
ments. 
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Protocol 2; ^larch 5, 1929, weight of dog, 10 Kg.; 9:30 a. m., 0.098 Gm. 
morphine; 11:20, control; from 12:05 to 12:12, left cerebrum exposed, with little 
loss of blood; slight ether anesthesia employed; dura not opened; 1:55, 103 
minutes after operation, determinations ; 2 : 50, three minutes after opening dura, 
determinations; from 3:16 to 3; 19, brain traumatized; 3:21, two minutes after 
trauma, determinations; 3:35, blood pressure had fallen a great deal; no further 
trauma ; determinations. 

Trauma to the Cervical Cord . — Six experiments of this type were 
performed, ilorphine was used as the anesthetic in most instances. It 
was found in several experiments that the dura could be exposed and 
opened without causing any alteration in the cardiac output or in the 
blood pressure. Trauma to the cervical cord produced a cessation of 
respirations in all experiments except one. The respirator)’’ movements 

Table 2. — Results of Trauma to the Cerebrum, on Cardiac Output and Blood 
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would first become slow and then shortly stop entirely. An effort toward 
respiration, however, rvas being made by the accessory respiratory 
muscles, as was evidenced by movements of some of the muscles of 
the neck and face. The pulse became ver)' slow and remained strong for 
a long period, during which tracheal insufflation was instituted. 

In the one experiment in which trauma to the cervical cord did not 
pr.iduce immediate death, several series of determinations were made. 
The cardiac output was not determined before the dura was exposed, but 
this procedure caused no alteration in the arterial pressure. The cardiac 
output, the maximum blood pressure, the minimum blood pressure and 
the mean blood pressure declined together. The decrease in cardiac 
outjmt was associated with practically no alteration in the oxygen con- 
suminion and with an increase in the arteriovenous difference in oxygen 
content. T he results of this experiment are given in table 3. 

1 1 '■ ^ ; n a. m.. 0.098 Gm. morphine ; 

n . . U, Wood pressure 120 systolic, SO diastolic; from 11 -.-IS to 12; 15, spinal cord 
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in midcervical region exposed for about 3 cm., with a small hi a o 

2 "s 7 I dut ’det" 

ns, 2. IS dura opened; cord not traumatized; 2:20, five minutes after 
opening dura, determinations; 2:40, twenty-five minutes after opening dura 
determinations; from 3:14 to 3:18, cord traumatized with finger; 3:1 

trirr • 5 : 52 , thirty-four minutes’ aftr 

trauma to cord, detcrmniations. 


? ratana to the Thoracic Corrf.— Three experiments of this type were 
performed. Morphine was used as a narcotic. Usually the dura was 
exposed and opened without any fall in the arterial blood pressure or 
in the cardiac output. A great deal of trauma was necessary to produce 
a definite decrease in either the blood pressure or the output of the 


Tahli; 3. — Results of Trauma to the Cervical Cord, on Cardiac Ouiful and 

Blood Pressure 
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heart. When an alteration of this kind was produced, the blood 
pressure and cardiac output fell together. There was little alteration in 
the consumption of oxygen. The results of an experiment are recorded 
in table 4. 

Protocol 4: Jan. 1, 1929, weight of dog, 12 Kg. ; 9 a. m., 0.098 Gm. morphine; 
10:50, control determinations; 12:10, ten minutes after completion of operation 
for exposure of cord in lower thoracic region ; light ether anesthesia, dog awaken- 
ing at time of observations ; practically no loss of blood; dura not opened, 2.45, 
dura opened for a distance of 3 cm. ; dog completely quiet ; 2 : 50, determinations, 
five minutes after opening dura; 3:15, determinations, thirty-five minutes after 
opening dura; from 4:05 to 4:08, slight trauma to cord with a blunt instrument; 
cord not crushed; 4: 12, four minutes after trauma, determinations ; 4:47, thirty- 
nine minutes after trauma to cord, determinations; 5: 15, sixty-seven minutes after 
trauma to cord, determinations; 5: 30, cord crushed by clamp for distance of about 
2.5 cm.; animal struggled little; 5: 50, determinations, twenty minutes after crush- 
ing cord; 7: 15 pulse 188; blood pressure 80 systolic and 64 diastolic. 
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COMMENT 

The data presented here throw some light on the question as to 
whether or not shock can be produced by trauma to the central nervous 
system. The operation, the production of the trauma and the collection 
of the samples of blood for gas analyses resulted in the loss of a mod- 
erate amount of blood. The simple removal of the same amount of 
blood from an animal that did not have the operation and the trauma 
would not produce changes of the magnitude reported in this paper. The 
amount of blood lost is comparable to that lost in operations on the 
central nervous system. 


Taulf. 4, — Results of Trauma to the Thoracic Cord, on the Cardiac Output and 

Blood Pressure 
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Wiggers® studied shock that was produced by manipulation of the 
intestines, by trauma to the sciatic nerve and testicle and by hemorrhage ; 
he found that the changes in the circulatory mechanism were essentially 
the same. Blalock,^ in a study of the effects of hemorrhage, found that 
the changes in cardiac output preceded alterations in the mean blood 
pressure. Usually the maximum pressure fell and the minimum pres- 
sure rose before there was a marked reduction in the output of the 
heart. In the present study, there was a rise in both systolic and diastolic 
blood pressure, which in some instances occurred immediately after the 


(i. \\ iRRcrs, C. J. (footnote 5) ; Shock ; Abdominal, Initial and Progressive 
- uwds of C^irculalory Failure in Abdominal Shock, Am. J. Physiol. 45:485 1918- 
^ mercnuatton B^twee^n Circulatory Failure due to Shock and Other Causes, J. A. 

Cl V ^Icchanism and Treatment of E.xperimental Shock' I 

iMiock l-ollovving Hemorrhage, Arch. Stirg. 15:762 (Xov.) 1927. 
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trauma and lasted for a few seconds. The cardiac output could not be 
determined in such a short interval by the method used. After this 
brief initial period, in a few experiments and in all other instances, it 
u as found that the cardiac output and the maximum and minimum blood 
piessuie declined together. These changes were usually preceded b}’ 
a definite quickening of the pulse. This is in contrast to the obserr’ation 
in shock produced by hemorrhage. The first change in hemorrhage, with 
the exception of a lowering of the volume of blood, was a vasoconstric- 
tion which caused an increase in the minimum blood pressure. These 
facts are evidence that vasoconstriction does not occur after injury to 
the central nenmus system. It is also significant that the cardiac output 
falls tremendously after hemorrhage before the mean blood pressure 
falls, whereas no instance of a definite fall in cardiac output was found 
in these experiments with trauma without some fall in the blood pres- 
sure. In other words, after trauma to the central nenmus system, .there 
is not the critical level in the blood pressure which seems to exist in 
hemorrhage. This observation probably accounts for the fact that a fall 
in blood pressure is not as serious during operative procedures on the 
central nervous system as it is during or after other types of operations 
or after hemorrhage. 

As has been stated previously, the effects of the loss of small amounts 
of blood cannot be ruled out in these experiments, but the fact that 
the changes here reported are different from those produced by 
hemorrhage alone indicates that hemorrhage is not the causative factor. 
We believe that the results obtained are the results of the trauma to 
the central nervous system. The rise in the minimum arterial pressure 
and the fall in the maximum pressure in uncomplicated hemorrhage 
which results in a lessening of the pulse pressure denotes the onset of 
a grave condition. The pulse pressure usually maintains a high level 
during the early stages of trauma to the ner\'ous system, and this is 
probably a good prognostic sign. 

In hemorrhage the blood pressure is not of paramount value as an 
indication of incipient shock. The blood pressure serves as a more 
accurate index of the condition of the circulation after trauma to the 
central nervous system because alterations in the blood pressure parallel 
other circulatory changes. 

The increase in diastolic pressure after uncomplicated hemorrhage 
in moderate amounts is due to a contraction of the arteries in an effort 
to keep the arterial blood pressure at the normal level. Undoubtedly 
there is a different mechanism which operates after trauma to the central 
nervous system. It is likely that the injury causes a_ relaxation of the 
vessels of some large area, such as the splanchnic region, or perhaps of 
the entire body. The decline in pressure may appear quite early and 
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probably is not due to the accumirlation of toxic products that cause 
capillary dilatation and increased permeability. 

A decline in the blood pressure and cardiac output was found in 
most instances without any decrease in body temperature. This may 
be explained in part b}' the fact that dogs have sweat glands which allow 
for the dissipation of heat. 

Trauma to the nervous system in dogs, accompanied by a decline in 
the arterial blood pressure and the output of the heart, may or may not 
be associated with a decrease in the total consumption of oxygen. Hen- 
derson, Prince and Haggard ® stated that metabolism is lowered in 
animals in which experimental shock is produced. Aub,® working on 
cats, produced shock by trauma to the leg in some instances and by 
hemorrhage alone in others. He stated : “Experimental traumatic shock 
causes a marked fall in the rate of basal metabolism to 70 per cent of 
the original level. The degree of fall is dependent on the severity of 
the shock produced. The effect of hemorrhage is not constant. It may 
temporarily lower, or have no immediate effect on the metabolic rate.” 
The observations after hemorrhage were confirmed by Blalock.^ Can- 
non emphasized the importance of maintaining the delivery of oxygen 
to the tissues and stated that most of the harm which results from the 
low arterial pressure and diminished volume of blood is due to the poor 
supply of oxygen to the tissues. It is interesting to note in these e.xperi- 
ments that the total consumption of oxygen in several instances remained 
at the normal level, while the blood pressure, the output of the heart 
and the volume of blood were diminished. Even in instances such as 
those reported by Aub, in which the basal metabolism fell 30 per cent, the 
decline can be accovmted for partially by decrease in blood flow in the 
“less essential organs.” Gesell studied the blood flow through the 
salivary gland after hemorrhage and injury to the tissues and found 
str'king decreases in the flow. In one experiment, for example, he found 
that the removal of 10 per cent of the estimated volume of blood caused 
a decrease of 60 per cent in the flow of blood through the salivar}’ 
gland. It is likely that a similar condition exists in the extremities. 

The volume of the circulatory blood is certainly reduced in shock 
produced by all methods. Shock may be found with a normal arterial 

8. Henderson, Y. ; Prince, A. L., and Haggard, H. W. ; Observations oh 
Surgical Shock: A Preliminary Note, J. A. H. A. 69:966 (Sept. 22) 1917. 

9. Anb, J. c. ; Studies in Experimental Traumatic Shock: I. The Basal 
-Metabolism, .‘\.m. J. Physiol. 54:388, 1920. 

jQ,, ’ B. : Traumatic Shock, New York, D. Appleton & Company, 

, Studies on the Submaxillary Gland: IV. A Comparison oi 

Am 'rm and Tissue; Abuse in Relation to Secondarv Shock 

-Mn. J. Physiol. 47:468, 1918. ' 
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blood pressure, normal consumption of oxygen, normal puise rate and a 
norma! temperature. It almost certainly cannot be produced by any 
method which does not cause a lowering of the cardiac output and of 
the oxygen content of the mixed venous blood. It is believed that this 
work emphasizes the futility of trying to designate by the word shock 
or any other term the varying conditions which result after trauma and 
hemorrhage. A similar mistake would be the consideration of all fevers 
as of one type. 

SUMMARY 

The effects on the pulse rate, temperature, maximum and minimum 
arterial blood pressures, arterial and venous oxygen content, consump- 
tion of oxygen and cardiac output were studied after (1) the operative 
procedure that was necessary for the exposure of the dura, (2) the 
opening of the dura, and (3) trauma to the central nervous system in 
the (a) cerebrum, (b) cervical cord and (c) thoracic cord. 

1. In some instances the operation that was necessary for the 
exposure of the dura and the opening of the dura caused no decrease in 
the arterial blood pressure or in the cardiac output. 

2. Trauma to the central nervous system caused a diminution of the 
maximum and minimum arterial pressure and the cardiac output. 

3. The pulse rate usually increased before the blood pressure and 
cardiac output altered. 

4. The blood pressure and the cardiac output apparently changed 
simultaneously. 

5. The alterations in the consumption of oxygen were variable, but 
in the majority of instances, trauma caused no appreciable alteration 
from that of the control period. 

6. In the majority of instances, changes in body temperature were 
negligible. 

7. The differences in the effects of hemorrhage and trauma to the 
central nervous system have been stated. 



THROMBO-ANGIITIS OBLITERANS 

GENERAL DISTRIBUTION OF THE DISEASE * 

l^IAURICE E. BARRON, M-D. 

AND 

HARRY LINENTHAL, M.D. 

' BOSTON 

Von Winiwarter,^ in 1878, described a case in which the arteries 
of a lower extremity were occluded by a chronic proliferative process 
arising from the intima and showed an inflatumatory reaction of the 
walls of the vessels. He called this lesion “endarteritis obliterans.” 

Since then many writers have described this disease, but it was not 
until the studies of Buerger - in 1908 that the pathologic changes were 
minutely described and the disease established as a definite clinical and 
pathologic entity. From the time of the first description by von Wini- 
warter ^ to the present, there has been a tremendous amount of stud}' 
and investigation of this lesion. 

It is the object in this paper to direct attention to the more general 
distribution of the disease in contradistiction to what has previously 
been believed concerning it — that it is a disease involving the blood 
vessels of the extremities exclusively. It attacks the walls of the blood 
vessels, both veins and arteries, throughout the entire vascular sys- 
tem, the cranial, thoracic and abdominal vessels as well as the vessels 
of the extremities. The signs and symptoms are characteristic of the 
vessels involved, so that the lesion affecting the arteries of the brain may 
give rise to a hemiplegia, of varying degree of severity, or, should the 
coronary vessels be involved, the characteristic symptoms of coronar}' 
thrombosis or angina pectoris may ensue. 

This study is based on thirty-four cases. Twenty-seven were 
observed by us, including two of hemiplegia in which a definite diagnosis 
of thrombo-angiitis obliterans had been made and one case of coronary 
thrombosis in the presence of progressive thrombo-angiitis obliterans. 
Seven cases were collected from the literature. We have intentionally 

•Submitted for publication, March 29, 1929. 

* From the Surgical and Medical Departments, Beth Israel Hospital. 

•Read at a sjmposium on thrombo-angiitis obliterans at the annual meeting 
of the Clinical Congress of the American College of Surgeons, Boston, Oct. 12, 
192,^. 

1. ^ on Winiwarter, Felix: Ueber cine eigcntumliche Form von Endarteritis 
und Endophlcbitis mil Gangran dcs Fusses, Arch. f. klin. Chir. 23:202, 1878. 

— Buerger, Leo; Thrombo- Angiitis Obliterans: A Study of the Vascular 
Prc-Scnile Spontaneous Gangrene, Am. J. M. Sc. 136:567, 
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eliminated cases that showed gross arteriosclerotic changes in the vessels 
to which occlusion of the lumen could be attributed. The patients whose 
cases we report x\'ere under the age of 50 and had shown definite 
evidence of thrombo-angiitis obliterans for many years. We report these 
cases because they show a general distribution ol the disease. We feel 
that this is not a large series on which to base conclusions, but we hope 
that this paper may stimulate further interest and observation. 

REPORT OF CASES 

Case 1. J. S., a Jew, aged 48, born in Russia, was operated on for a doudena! 
ulcer in 1918 when a gastro-entcrostomy was done. His sj’mptoms, however, were 
not relieved, and six months later lie was operated on again. Shortly upon 
leaving the hospital after the second operation, he began to complain of severe 
pain in the right calf on walking and more or less constant pain and numbness 
in the toes of tlie right foot. In 1921, gangrene developed in the third toe of the 
right foot. He remained in a hospital in Boston for eleven weeks, when his toe 
was amputated. The pain in his right leg and foot, however, continued, and 
shortly afterward gangrene developed in the second toe. At this time, the patient 
entered the Beth Israel Hospital, where a diagnosis of thrombo-angiitis obliterans 
was made. An amputation below the knee was done. The stump seemed to heal 
well and the patient was sent home. Two months later, he came back to t!ie 
hospital complaining of bleeding hemorrhoids. These bled profusely and produced 
a severe secondary anemia, which required a transfusion. The hemorrhoids were 
removed under local anesthesia. At this time, he began to complain of some pain, 
not severe, in the left calf. Pulsation in the left dorsalis pedis artery was not felt. 

The patient got along well with an artificial right limb until June, 1928'; then 
he came back to the hospital because he was unable to raise the stump of his right 
leg and his speech was slow and thick. On admission to the hospital, he was 
found to be suffering from a hemiparesis of the right side, in^'olving the right leg 
and arm and also the right side of the face. The right knee jerk was e.xaggerated. 
The abdominal reflexes were abolished. The cremasteric refle.x on the right could 
not be obtained. The blood pressure was 116 systolic and 60 diastolic. The Was- 
sermann reaction of the blood was negative; that of the spinal fluid was negative. 
His heart was not enlarged. A systolic murmur was heard over the precordia. 
The aortic second sound was not accentuated. 

The paralysis of the right side cleared rapidly. In three weeks, the patient 
was out of bed and got along pretty well with the support of one crutch. About 
six weeks after admission, he was discharged from the hospital with a slight 
residual paralysis. 

During his stay in the hospital, the patient had considerable trouble with his 
left lower extremit}', for which he was given sodium citrate. It may be of interest 
to note a decrease in the pain in the left calf after daily intravenous injections 
of 20 cc. of a 20 per cent solution of sodium citrate. Another fact of interest is 
that this patient was not a cigaret smoker; ail he ever smoked was three sma 
cigars daily. 

Comment.—This patient had a number of vascular accidents. While 
it is true that a patient suffering from thrombo-angiitis obliterans may 
have duodena! ulcer, bleeding piles and cerebral thrombosis, the question 
arises whether all these vascular accidents might not be due to o 
underlying condition. 
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In the absence of arteriosclerosis, cardiorenal disease or hypertension, 
it may be reasonable to suppose that there is a relation between the 
thrombo-angiitis obliterans of the lower extremities, the presence of 
which was definitely proved, and the other vascular accidents, and that 
they are all of the same pathology. 

That the disease at the time of writing had not yet become quiescent 
is shown by the fact that the patient still had intermittent claudication 
in the left leg and a certain amount of edema and the usual cr'anosis 
of the left foot. 

C.\SE 2.— 1^1. G., a Jew, aged 45, born in Russia, had complained for about a 
year and a half of pain in both calves on walking, more marked in the right, and 
extremely severe in the right foot, particularly in the great toe. Examination at 
the time the pain was first noted showed no pulsation in the dorsalis pedis artery- 
on the right, but it was definitely felt in that on the left. There was a great 
deal of redness and tenderness of the right toe. The patient was at another 
hospital for twelve weeks, where a diagnosis of thrombo-angiitis obliterans was 
made. The pains in his foot were most excruciating, and did not respond to any 
kind of treatment that was tried, including inoculation with typhoid vaccine. .\n 
ulceration of the great toe then began to develop, and an amputation of the leg 
was considered; however, a ganglionectomy and ramisection were performed, the 
second, third and fourth right lumbar sympathetic ganglions being removed. The 
pain stopped immediately, and the ulceration of the toe healed completely. He 
was discharged from the hospital feeling perfectly well ; the pulsation in the dor- 
salis pedis artery on the right, however, could not be felt. 

.-V few months after ho left the hospital, a superficial phlebitis of the right 
leg developed, which subsided with moderate rest. He soon resumed his work 
as salesman. While in the West, one day early in August. 1928, he suddenly- 
felt n tingling in his left arm and left leg, which lasted a few minutes. About 
three tiuaricrs of an hour later, he completely lost the power of his left arm and 
left leg and fell. He was placed on a train and sent on to his home in Boston. 
He was seen within twenty-four hours after the onset of his trouble. At this 
time, he bad a complete paralysis of the left arm and left leg with a slight 
involvement of the left side of the face. 

Exainhialion . — The physical examination on his entrance to the Beth Israel 
Hospital on .^ug. 10, 1528, showed complete paralysis of the left arm and left 
leg. Puls.ations in the dorsalis pedis artery on the right were not felt, but were 
iclt in that on the left. All the reflexes on the left rvere exaggerated. A positive 
llofimanns sign was elicited on the left. There was clonus of the left ankle, 
but no Bahinski sign. .-Abdominal reflexes were active on both sides. There were 
no .sensory disturbances. Examination of the fundus showed considerable tor- 
tuosity of the veins, which were rather dark, and the arteries showed a white line 
around the border. The results of the physical examination were otherwise nega- 
tive. The heart was not enlarged; the sounds were of good quality- without 
murmurs. The blood pressure was 110 systolic and SO diastolic. There was no 
ev it cnee of .any renal di.scase. The Wassermann reaction of the blood was nega- 
tive. . n x-ray plctvirc of the lower extremities showed ‘'no deviation from the 
nonunl m the lione.s and articular surfaces,” and “evidence of calcium deposits 
vm the bkxid vessels around the ankle joints." 
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ramditv A "ell and recovered from the paralysis with extraordinary 

in fit ^ few days after h.s entrance to the hospital, he had obtained motion 
in the arm and the leg, and two weeks after entrance he was able to walk. 

On August 30, the patient began to complain of pain in the right leg. Exam- 
ination revealed a superficial phlebitis, characteristic of thrombo-angiitis obliterans 
the so-called m, gating phlebitis. About four weeks after his admission, the 
right”* •'>"d the grip of his left arm was almost equal to that of the 


Coiimeni. This man showed no clinical evidence of arteriosclerosis 
or cardiorenal disease; he had thrombo-angiitis obliterans with two 
attacks of superficial pitlebitis. A complete hemiplegia developed, which 
cleared up within so short a time that it could not well have been due 
to a cerebral hemorrhage. It is interesting to note that the ganglion- 
ectomy certainly relieved his symptoms, but apparently did not stop 
the progress of the disease, as is evidenced by the subsequent history 
of phlebitis. 

The condition at least suggests that the vascular lesion of the brain 
was similar in character to that of the vascular disease in the legs and 
that the hemiplegia was probably due to partial occlusion, with vascular 
spasm of the cerebral arteries, rather than to cerebral hemorrhage. 

The fact that the x-ray picture showed evidence of a deposit of 
calcium in the blood vessels about the ankles is no indication tliat the 
occlusion of the blood vessels Avas the result of arteriosclerosis.® It 
simply meant that he was approaching the age when arteriosclerotic 
changes begin to manifest themseh'es; it had nothing to do with the 
disease in question. 

Case 3. — J. M., a Jew, aged 46, married, born in Russia, was referred to the 
Beth Israel Hospital on Nov. 17, 1928, by Dr. S. A. Levine. Ten years before, 
the patient had had cramps in the calves when walking. This was diagnosed fay 
Buerger as thrombo-angiitis obliterans. The condition gradually became worse; 
gangrene of the first two foes of the left foot set in, and one and one-half years 
before his admission to the Beth Israel Hospital an amputation of both foes was 
performed. During the few montlis preceding his admission, the pain in the right 
leg and right foot became rnuch worse, and a marked change took place in the 
color of the dorsum of his foot. It was cherry red. Four weeks previous to 
admission, while in bed, he was suddenly taken with an agonizing pain in the 
chest of a constricting character, which lasted for thirty-six hours. After tliis, 
he had shortness of breath, which he had never experienced previously. On more 
careful questioning, it was found that for two months previous to tlie attack 
mentioned he had had similar minor pains in his chest, which were of short 
tion. His blood pressure, which varied from 130 to 140 systolic ordinarily, fell 
to 90 during the attack. Pain was entirely gone when he was last under observa- 
tion, but he complained of dyspnea, especially at night. When first seen by r. 
Levine, the patient looked sick and dyspneic. His heart was considerablj cn arge , 

3. Brown, G. E., and Henderson, M. S.: Diagnosis and Treatment of Arte- 
rial Vascular Diseases of the Extremities, J. Bone & Joint Surg. 9. ( c. 

1927. 
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and there was a definite sound of pericardial friction and some evidence of con- 
gestive failure. The patient when last seen complained of severe pain in the right 
foot, more particularly in the right great toe. 

His other past history and the family history were negative. His wife and 
three children were living and well. 

Ex-ainhiatioii.— The patient weighed 117 pounds (53.1 Kg.). The vital capacity 
of his lungs was 1,700 cc. (markedly diminished Srom normal). The urinalysis 
was negative. The hlood pressure was s^^stolic, 108 j diastolic, 70. The Wasser- 
mann reaction of the blood was negative. The pupils were equal and reacted 
normally. The patient looked sick and dyspneic. There was no glandular enlarge- 
ment. The throat was normal. The lungs showed a moderate number of moist 
rales at both bases ; breath sounds were diminished. The heart was considerably 
enlarged; the measurements were 13 cm. to the left and 5 cm. to the right. 
There was a definite fading sound of pericardial friction over the precordia. No 
endocardial murmurs were heard. There was a question of gallop rhythm. No 
peripheral edema was observable over the shins or sacrum. No pulsations could 
be felt in any of the main vessels throughout both lower extremities. The first 
two toes of the left foot had been amputated. The dorsum of the right foot was 
cherry red to purple, and the toes felt cold. The radial and ulnar pulses in the 
upper extremities could be felt. Electrocardiographic tracings showed certain 
minor changes in the T-wave in lead 1 which are frequently seen in cases of 
coronary thrombosis. Tliis patient had a ligation of the right popliteal vein. 
During the operation, the femoral artery as far as it could be felt, showed no 
evidence of pulsation, nor could pulsation be felt in the popliteal artery. 

Coiiiiiiciil . — This patient had had thrombo-angiitis obliterans for 
many years. About ten weeks previous to our study of his case early 
symptoms of angina pectoris developed. Four weeks previously, he 
definttdy had an attack of coronary thrombosis. The severe pain, the 
jircccding angina pectoris, the fall in blood pressure, the development 
of dyspnea, tlie finding of pericardial friction and the change in the 
electrocardiograms made this diagnosis certain. The right leg, however, 
when he was last seen, was becoming more painful. The case is 
interesting especiall}^ in that the same condition and the same sequence 
devcloi^ed in the coronar3'' arteries that probably were taking place in 
tlic arteries of the legs, first the intermittent spasm and finally a closure. 

C.\sr. •! (Ric-sman*). — M. A., a married man, aged 44, a Russian manufacturer, 
for several years had had a good deal of pain in the epigastrium, for which he 
had consulted physicians and received various diagnoses, such as duodenal 
ulcer and that of gallstones. One day Dr. Riesman was asked to see him and 
found him in an attack ch.aracfenVed by c.xcruciating pain in the epigastrium and 
profound shock, ending in eventual unconsciousness. The symptoms and physical 
signs were tiiose of coronary occlusion. The patient died during the attack. On 
going over his records. Dr, Riesman found that the man had come to him on one 
occasion several years before, complaining of sciatica. On examination, he found 
t le puKc of the dorsalis pedis artery absent and after close study was able to make 
•T of intcrniittciu claudication. 


4. Rjcsiimn, David; My oc.ardial Disease and Its Gastric Hasnueradcs J A 
A. 91:1521 (Nov. 17) 1928 (casc3). 
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Comniciif.~lt was justly assumed that the iutermktent attacks of 
abdominal pain that had led to a diagnosis of gallstones or ulcer had 
been due to a temporary or permanent occlusion of small branches of 
«ie coronary artery; the possibility of a true abdominal angina, an 
intermittent claudication of branches of the celiac axis, has also to be 
kept in mind. 

Case 5 (Czerna Polish Jew, aged 36, since the age of 20, had had recur- 

ring attacks of pain in the legs, which confined him to bed for from four to six 
weeks at a time. There were intervals of several years when he was free from 
pain. He also, at one time, had an “acute attack of heart trouble” for which he 
remained in bed for fojir weeks. At one time, paralysis developed in the right 
side of the face, and lasted for four weeks; at the onset oi this attack he also 
had some difficulty with his speech. At another time, he had an attack of uncon- 
sciousness, which was diagnosed as due to a cerebral embolus. The present attack 
started one year before, when he suddenlj' began to have severe pain in the left 
foot and left leg. About three months before his entrance to the hospital, he had 
an ulcer over the right internal malleolus. A few weeks previous to admittance, 
he also had an attack of pain in the left arm and hand, which lasted for three 
weeks. 

Exammation. — The muscles of the right thigh and the lower part of the right 
leg were atrophied. Over the right internal malleolus, he had an ulcer about 1 
cm. in diameter. There was no edema. The veins were markedly dilated and 
tortuous. Pulsation in the dorsalis pedis artery and the posterior tibials, on both 
sides, could not be felt, and there was no pulsation in the right femoral artery. 
Pulsation in the left radial artery could be felt about 5 cm. proximal to the styloid 
process ; beyond that the artery was felt as a fibrous cord. The heart was slightly 
enlarged. There were no murmurs. Blood pressure was 130 systolic and 90 
diastolic. The urine disclosed nothing abnormal and the Wassermann reaction of 
the blood was negative. He showed signs of left facial paral.vsis. His left knee 
jerk was more lively' than the right. There were no sensory disturbances. He 
remained in the hospital for eight months. After leaving the hospital, he had 
an attack of severe pain in both feet, and si.x days later, after the pain had some- 
what subsided, he became unconscious, had convulsive seizures and died. 

On postmortem e.xamination, it was found that his heart was slightly enlarged 
and weighed 400 Gm. The wall of the left ventricle was hypertrophied. There 
were some yellowish-white spots on the left auricle. On the aorta, near the origin 
of the coronaries, there were a few grayish-white, rough spots. The ascending 
branch of the left coronary, 3 cm. from the orifice, was occluded by fibrous tissue. 
A’ear the orifice of the intercostal vessels were some yellowish spots. The right 
e.xternal iliac and the right femoral were occluded by an organized thrombus. 
They felt like cords. The left femoral and popliteal arteries were also occluded. 
The" basilar and the beginning of the posterior cerebral arteries were occluded by- 
organized thrombi. The left radial artery about 1.5 cm. distal to the styloid 
process was occluded by a thrombus. There was an area of softening of the brain 
about the size of a pea near file corpus callosum and the upper part of the pons. 

Comiuciif.— This patient, aged 36, dated his symptoms back to the 
age of 20. During the progress of his illness, he had had many symp- 

5. Czerna, Steplian : Arteritis Obliterans with Similar Changes m the Vans, 
Arch, f. inn. kled. 12:213, IS26. 
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toms and physical signs pointing to A'ascidar lesions in the heart and 
brain as well as in the extremities. The postmortem examination yielded 
observations consistent with the physical signs presented during life. 
The lesions characteristic of thrombo-angiitis obliterans were widespread 
throughout the vascular tree. 

Case 6 (Perla”).— A man, aged 44. had begun to complain, at the age of 27, 
of pain in the left foot; this was followed by gangrene of a toe, which was 
amputated. Later the other toes of the left foot were amputated, and one year 
later a midtibial amputation w’as performed on the left leg. At the same time, 
he began to have trouble with his right leg, and one year later it was amputated 
at the upper third of the lower part. Fourteen years after the onset of his trouble, 
gangrene developed in the ring finger of the right hand, which was amputated. 
Seven months prior to Perla’s observation of the patient, the stump of the left 
leg began to be painful. It felt cold, was dark blue and soon became gangrenous ; 
it was amputated above the knee. On admission to the hospital at this time, the 
patient complained of pain in both stumps. A gangrenous patch was observed in 
the right stump. He suffered from a great deal of pain. Both hands also had 
a purplish hue and became deeply cyanotic when lowered. When the arms were 
raised, however, both hands rapidly became pale. The results of the physical 
e.vamination were otherwise negative. The urine was normal and the Wasser- 
mann reaction of the blood was negative. The blood pressure varied between 115 
systolic and 90 diastolic and 135 systolic and 92 diastolic. A few months later 
his right leg was reamputated at the middle of the thigh, and one j’ear later the 
index finger of his left hand was amputated. One year after this, the patient 
suddenly had a vomiting attack, became cyanotic and died. On postmortem 
examination, organized canalized thrombi were found involving the arteries of all 
the extremities, as well as the external iliac and the left coronary artery. The 
probable cause of death was thrombo-angiitis obliterans with extension of the 
process from the iliac arteries into the aorta as far as the renal arteries. The 
heart weighed 470 Gm. The main left coronary artery, beginning 1.5 cm. from 
Us orifice in the aorta, showed an organized canalized thrombus almost completelj' 
occluding the lumen for a distance of 1.5 cm. The process here resembled that 
m the vessels of the e.xtremities. The right coronary artery showed no abnor- 
malities. 


Comment . — The progress of the disease in this patient apparentl}' 
could not be controlled. Almost all the vessels were involved. At an 
early age, the patient developed thrombo-angiitis obliterans, which made 
itself manifest in the lower extremities. Postmortem examination 
revealed the characteristic lesion of the disease also in the coronary 
artery. 


Case 7 (Buerger’).— A man, aged 35, a Russian, gave a history typical of 
irom o-angiitis obliterans of the left lower extremity, for which amputation was 

nt,rf David; An Analysis of Forty-One Cases of Thrombo- Angiitis 

ObhiMans, Surg. Gynec. Obst. 41:21 (July) 1925 (case 3). 

Kvtl ^’’crger, Leo; Concerning Vasomotor and Trophic Disturbances of Upper 

M Sc"'V4P Reference to Thrombo-Angiitis Obliterans, Am. J. 

Ai. i>c. 149:210, 1915 (case 9). . • j 
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done in 1903, and a reampufation one month later. In 1905. an ulcer developed 
at the inner side of tlie right heel. Gangrene advanced rapidly and the right leg 
was amputated. Five years later, the disease involved the left upper e.xtremity 
Gangrene started in his. fingers, giving rise to excruciating pain. On the amputa- 
lon of his forearm, both the radial and the ulnar arteries were completely occluded 
and showed the typical lesions of thrombo-angiitis obliterans. Four years later, in 
in a condition of stupor, was again admitted to the wards 
of the Mount Sinai Hospital. His speech was incoherent and there were evi- 
dences either of some cerebral lesion, or of a vascular lesion in the brain. The 
condition of the right hand was of particular interest. Nowhere was there any 
evidence of ulcer or gangrene. The skin of the right hand was dry and atrophic. 
The fingers had a tapering appearance. The skin had lost its elasticity, the sub- 
cutaneous tissues had withered and neither the radial nor the ulnar arteries were 
palpable. The brachial artery, too, gave but the slightest impression of pulsation. 


Comment . — This young man had had several amputations of the 
lower and upper extremities because of thrombo-angiitis obliterans; 
signs of a vascular lesion of the brain suddenly developed. In the pres- 
ence of the known diagnosis, thrombo-angiitis obliterans, and the 
absence of arteriosclerosis, it niaj' be assumed that the cerebral vascular 
lesion was due to the progressive activity of this disease. 


Case 8 (Lewis’). — A man, aged 47, of German e.xtraction, admitted to the 
Johns Hopkins Hospital in December, 1926, had for the last seven years had 
pains in both calves. The pain had increased in severity and frequency, and prac- 
tically prevented him from walking. Several years after the onset of pain in his 
legs, the same kind of pain developed in his right forearm, so that he was unable 
to work. Two years previous to admission, he was operated on for varicose veins, 
but the pains in his legs were not relieved. The intermittent limping persisted. 
On examination, the radial pulse could not be palpated on the right side; the left 
radial pulse was felt faintly, but the arteries were not sclerosed. Both feet were 
purplish. The dorsalis pedis and posterior fibial arteries could not be felt. The 
blood pressure could not be obtained on the right arm ; on the left arm, it was 
136 systolic and 90 diastolic. One night, the patient suddenly became hemiplegic 
and died. 


On postmortem examination, the most interesting condition found was that in 
connection with the general arterial tree. At the level of the celiac axis, the aorta 
suddenly became reduced in diameter, so that it measured hardly^ more than 2 
cm. There was an old organized thrombus that totally occluded the abdominal 
aorta, beginning at the level of the celiac axis and extending all the way to the 
bifurcation. From about 5 to 8 cm. below the celiac axis there was a small, 
crescent shaped channel which was the only channel that passed through this 
portion of the aorta. When a probe was passed through the channel from above 
downward, the channel was found to end about S cm. above the bifurcation, where 
it communicated directly with a comparatively large branch, which left the aorta 
and spread out into the surrounding tissue. Below this branch, there was no 
lumen within the aorta. It was totally blocked by an old organized thrombijs. 
which presented, on section, a peculiar transparent appearance. A comp e e oc' 
age of the celiac axis had resulted from a comparatively fresh thrombus, whic 


8. Lewis, Dean; Spontaneous Gangrene of the Extremities, Arch. Surg. 
15:633 (Oct.) 1927. 
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extended from the celiac axis into the lumen of the aorta or, perhaps, in the oppo- 
site direction. The portion of the thrombus that was in the lumen of the aorta 
communicated with the fresh thrombus lying between the exit of the celiac axis 
and the organized thrombus that filled the abdominal portion of the aorta. The 
beginnings of the common iliac arteries was occluded by old organized thrombi, 
which had many channels. The thrombosis affected the internal and external 
iliac arteries on both sides. The left external iliac artery, just before it became 
the femoral, was only partially occluded by a thrombus. This was also true of 
the right external iliac artery. In the femoral artery on the left side, extensive 
thrombotic changes were seen. None of the branches of the femoral group 
appeared normal. 

In the right femoral region there was extensive thrombosis of the femoral 
artery and its branches. (All the main branches of the arch of the aorta showed 
sclerotic changes). A total occlusion of the second portion of the right sub- 
clavian artery was found; this extended into the axillary and brachial arteries. 
The right external carotid was closed by a thrombus ; its point of origin from 
the common carotid was represented by a puckered scar. About 2.5 cm. above the 
bifurcation of the common carotid, the internal carotid artery was plugged by an 
organized thrombus, through which .passed small, newly developed channels. In 
the skull, a similar thrombotic process filled the internal carotid at the point of 
anastomosis with tlie vessels from the opposite side. 

Comment. — The most interesting observation was that, with the 
lesion so widespread, there was so little evidence of circulatory impair- 
ment. Postmortem examination showed to what great extent this dis- 
ease can be distributed throughout the vascular system. 

Case 9 (Thomas'). — A Jewish physician, aged 44, in August, 1918, had a 
sudden attack of excruciating pain with a sense of constriction in the lower part of 
the chest. The patient was extremely cyanotic. His pain was so severe that it 
could be relieved only with 54 grain (0.048 Gm.) of morphine. He remained in 
bed for ten days with a slight fever. The pulse rate varied from 100 to 120. His 
physician diagnosed the condition as “angina pectoris.” The severity of his pain, 
however, the cyanosis, the elevation of temperature and the rapid pulse rate made 
the diagnosis of coronary thrombosis more probable. Three years later, he began 
to have severe pains in his hips and legs, so that he could not walk even short 
distances without stopping to rest. 

Tile physical examination revealed conditions essentially normal, except that 
no pulsations could be felt in the dorsalis pedis, the posterior tibial and the 
femora! arteries on either side. A diagnosis of tbrombo-angiitis obliterans was 
made. 

Comment . — ^This patient presented a rather unusual clinical picture 
m tliat there was an absence of pulsations in the main arterial channels 
tiiroughout both lower extremities, yet there was no evidence of gan- 
grene. Shortly prior to the attacks of intermittent claudication, he had 
this severe pain in the chest, which was probably an attack of coronary 
thrombosis. The story is interesting in that he probably had the same 

"^I'ou’as, H, M., Jr.; Persistent Leucocytosis in the Early Stages of 
J brombo- Angiitis Obliterans, Am. J. M. Sc. 165:86 (June) 1923. 
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pathologic process and the same sequence of symptoms in the coronary 
arteries as in the arteries of tlie extremities, that is, first spasm and later 
complete occlusion. 

(Telford and Stopford).“~A man, aged 40, born in England, at the 
age of 30 bad noticed pain in the right calf on walking. Shortly after, a similar 
pain occurred in the left calf. The pain so increased in severity that for a period 
of two years he was able to walk only short distances with the aid of crutches. 
He then noticed that his right leg was slightly swollen and that the toes were 
purplish. During this time, he had a sore on the front of the ankle, which took 
eighteen months to heal. Two years before the period in question, however, the 
left leg began to get worse. The foot was “always stone cold," and a small 
septic focus appeared on the inner side of the great toe. 

Except for a digestive trouble suggestive of duodenal ulcer, his previous con- 
dition was good. In his earlier da}'s he had been a most enthusiastic fishcrnian 
and had spent much time wading, a habit to which he attributed his troubles. 

Examination. — The right leg was much wasted from disuse, the muscle power 
was good and sensation was everywhere normal. The femoral pulse was normal, 
but the popliteal pulse was barely to be felt-, and there was no pulse below this 
level. The left foot was dull red ; there was edema about the dorsum of the foot 
and a small onychia of the great toe. There was no pulsation in the femoral 
artery or at any point below this. One night in January, 1924, this patient was 
seized with severe abdominal pain, and was found to be suffering from a perfora- 
tive lesion, presumably of the duodenum, as he had for some time shown symp- 
toms suggestive of duodenal ulcer. Laparotomy was done, and a large perforation 
of the anterior wall of the first stage of the duodenum ivas sutured; the operation 
was completed by posterior gastro-enterostomy. As far as his condition allowed, 
an exploration was made to ascertain the condition of the intra-abdominal vessels. 
No pulsation could be felt in the common, internal and e.xtcrnal iliac arteries of 
the left side; these vessels were plainly felt as immobile cords. 

He made an excellent recovery from tiie operation, but in April, 1924, ten and 
a half years after the onset of the disease, the whole of the left foot rapidly 
became gangrenous, tiie condition having spread from the old onychia of the 
great toe. supracondylar amputation was done through the left thigh on the 
following day; the femoral artery at the level of the section was open and 
normal. The wound healed without incident. The histologic observations were 
characteristic of thrombo-angiitis obliterans. 

Comment . — There was an opportunity to explore the abdominal 
vessels during life. The exploration revealed an absence of pulsation 
in the common internal and external iliac arteries of the left side, and 
these vessels were plainly felt as immobile cords. This man had a 
duodenal ulcer which perforated. Whether there was any relation 
between the duodenal ulcer and thrombo-angiitis obliterans is difficult 
to say, but it is of some significance that in case 1 of our series the 
patient also had a duodenal ulcer. 

Another interesting observation is that, although the common internal 
and external iliac arteries of the left side were totally occluded, the 

10. Telford, E. D., and Stopford, J. S. B.: Thrombo-Angiitis Obliterans, 
Brit. Id. J. 2:1035, (Dec. 6) 1924. 
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femoral artery at the point of amputation was open. This point bears 
out some observations that we made in our own material — that an 
organized thrombus may be found in one part of an artery causing 
occlusion while the vessel slightly above or below this thrombus is 
perfectly free from obstruction; some distance either above or below 
this thrombus, another occlusion maj^ be found. 

In an interesting and important study, Meleny and Miller injected 
an opaque solution into the vessels of extremities which had been ampu- 
tated for thrombo-angiitis obliterans and clearly demonstrated the 
patchy appearance of the vessels. They showed that the opaque mass 
may fill part of a vessel, leave the artery by a collateral branch and 
then, by a circuitous route, appear again in the same vessel below. 

FURTHER CASES FROM THE LITERATURE 

In addition to the cases cited at length, we may also refer to Brown 
and Henderson’s ^ two cases of thrombo-angiitis obliterans in young 
men, both of whom showed evidence of coronary thrombosis. 

Lemann had under observation two patients with thrombo-angiitis 
olditerans both of whom had coronary occlusion. 

Buerger, in his book on “Circulatory Disturbances of the Extremi- 
ties,” reported the autopsies in four cases of this disease occurring in 
young men. He stressed strongly the precocious arteriosclerotic changes 
in the blood vessels of these patients, particularly in the coronary 
arteries. One of the patients showed definite occlusion of the mesen- 
teric vessels resulting in gangrene of the intestines. W e have purposely 
not included these cases on account of the fact that there was such 
gross evidence of occlusion due to arteriosclerosis. However, it seems 
that in such young persons with a known diagnosis of thrombo-angiitis 
obliterans of the extremities there might be some relationship between 
the early atheromatous changes in the visceral vessels and the char- 
acteristic lesions of thrombo-angiitis obliterans of the vessels of the 
extremities. 

Oppel,'^ of Leningrad, called attention to the fact that patients with 
suprarenal arteriosis ’■* sometimes die of intestinal gangrene caused by 
thrombosis of the mesenteric arteries. He also reported the case of a 
patient who had thrombosis of the cervical arteries, which caused a 
hemiplegia. Some patients, he said, die of angina pectoris, and a post- 

n. Mcleney, F. L., and Miller, C. G. : A Contribution to the Study of 
1 liromlio-Angiitis Obliterans, Ann. Surg. 81:976, 1925. 

12. Lemann, I. V.: Personal communication to the authors. The case reports 
are to appear in the .\merican Journal of Medical Sciences. 

13. Oppel. V. A.; Spontaneous Gangrene of the Extremities and Suprarenal- 
cctomy, Lyon chir. 14:1 (Jan.-Fcb.) 1927. 

‘'suprarenal arteriosis” synonymously with spontaneous 
sangrcne and thrombo-angiitis obliterans. 
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mortem dissection shows that the angina was caused by thrombosis of 
the coronary arteries. Therefore Oppel concluded that this disease is 
not local but generalized, and tliat every artery of the human body may 
be affected by thrombosis. 

Constam “ also reported four cases of this disease occurring in the 
upper extremities in young men with no evident involvement of the 
lower extremities. Koyano in 125 cases found an associated involve- 
ment of the upper and the lower extremities in 30 per cent. Accord- 
ing to Allen and Brown, of forty patients with definite involvement 
of the lower extremities twenty-four, or 60 per cent, showed on care- 
ful examination either complete or partial closure of the ulnar or 
radial arteries. 

A patient under our observation at the time of writing, who had 
thrombo-angiitis obliterans, gave a history of intermittent claudication 
of twenty years’ duration and at the time showed nothing more than 
an ulcer over the terminal phalanx of the left great toe, yet no pulsa- 
tion in the main arterial channels could be felt throughout the entire 
left lower extremity. An opportunity was afforded to explore the left 
external iliac artery for some distance when the left femoral vein was 
ligated. There was absence of pulsation in the left external iliac artery 
as far as could be felt. In the right radial artery, the pulsation was 
much weaker than in the left, and the blood pressure in the left arm 
was 136 systolic and that in the right 110 systolic. This marked varia- 
tion in blood pressure and pulsation of both radial arteries, together 
with the absence of pulsation from the highest point at which the 
external iliac artery could be felt throughout tlie entire lower extremity, 
makes it hard to believe that the disease is limited to the extremities 
and stops abruptly at the particular point in the external iliac artery 
that could be felt. 

Comment . — From the review of these cases there can remain no 
doubt that thrombo-angiitis obliterans is a general disease that may 
attack any part of the vascular system. That it frequently involves the 
blood vessels of the brain, neck, thorax and abdomen, as well as of the 
extremities, is proved. 

The reason that the characteristic signs and symptoms of thrornbo- 
angiitis obliterans do not appear frequently in the upper extremities 
and only rarely in other parts of the body may be looked for by analogy 

35. Constam, G. R.: Primary Involvement of the Upper E.xtrcmitics in 
Thrombo-Angiitis Obliterans, Am. J. M. Sc. 174:530 (Oct.) 1927. ^ ^ 

16. Koyano, K; A Clinical Study of 120 Cases of Thrombo-Angiitis Omev- 
ans Among the Japanese, Acta scholae med. univ. imp. Kioto 4:489, 19-1-3^^. 

17. Allen, E. V., and Brown, G. E.: Thrombo-Angiitis Obliterans: Chmea 
Study of 200 Cases: Etiology’, Pathologj', Symptoms. Diagnosis, Ann. Jnt. .uea. 
1:535 (Feb.’l 1928. 
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in what takes place in extensive arteriosclerosis in the vascular tree; 
on postmortem examination in the latter case, one finds marked involve- 
ment of the vessels in the upper extremities and in the abdomen, but 
seldom observes arteriosclerotic gangrene in the upper extremities or 
lesions in the abdominal viscera. The greater demand made on the 
circulatory channels of the lower extremities because of static condi- 
tions may favor the more rapid development of the lesion. Moreover, 
the feet are more susceptible to slight injuries from deformities of the 
nails and from calluses, which are frequently the starting points of 
gangrene. 

We know, moreover, that it is possible to maintain a sufficient 
circulation to keep up the nutritional balance of a part in the presence 
of occlusion of the main arterial trunk through collateral or anastomosing 
branches. If this is true for arteriosclerosis, it is more so for thrombo- 
angiitis obliterans. For we know from the work of Meleney and 
Miller of Lewis,® and of Lewis and Reichert that collateral circula- 
tion and free anastomosis develop in inverse proportion to the extent 
and rapidity of the vascular occlusion. For that reason, because the 
process of occlusion is slower and more gradual in thrombo-angiitis 
obliterans, there is a tendency iir this disease to produce a more liberal 
collateral circulation. 

It might be of interest at this point to compare the symptom com- 
plex that occurs as a result of arteriosclerosis of the lower extremities 
with that from the same condition in the coronary vessels. The earliest 
symptoms in the lower extremities are usually intermittent claudication 
on walking a variable distance ; the patient complains of severe cramp- 
like pains in the calves; he must stop and rest before he can continue. 
Later, there is occlusion of the peripheral vessels and possibly gangrene. 
A parallel syndrome occurs in sclerosis of the coronary arteries ; the 
earliest symptom is a feeling of constriction through the chest or severe 
pam over the cardiac area. On exertion, the patient must stop, if 
walking, and rest before continuing. The later manifestation of cor- 
onary sclerosis is a distinct narrowing of the lumen of these vessels 
or complete occlusion. In thrombo-angiitis obliterans, the S3’mptom 
complex is, likewise, first partial occlusion and spasm of the vessel 
causing intermittent claudication, and later complete occlusion. The 
analv.sis of the cases cited and the postmortem observations in some of 
them indicate definitely that a pathologic process similar to that which 
takes place in the extremities also occurs in the coronary arteries and 
vessels of the brain. 

^^^lat we have previously stated in regard to the unusual develop- 
ment of the collateral circulation in the presence of thrombo-angiitis 


18. Lewis, D., and Reichert, F. L. ; The Collateral Circulation 
Antuitis Obliterans, J. A. M. A. 87:.%2 (July 31) 1926. 
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obliterans is also true of the blood supply to the myocardium, ijarticti- 
Jarly so m the light of the important work of Gross,^” who denionsfrateci 
that a liberal anastomosis existed between the branches of the coro- 
naries and that the coronary vessels were not terminal end arteries 
This work was substantiated later by Spalteholz.=<> Oberhelman and 
LeCount=^ drew similar conclusions from their studies. The recent 
work of Wearn -- further demonstrated that there is yet another channel 
by which the heart muscle may receive a sufficient supply of blood in 
the face of coronary obstruction ; that is, by way of the thebesian vessels. 

The question arises : Why do we not see more patients with coronary 
disease due to thrombo-angiitis obliterans and why has the observation 
not been made more frequently? 

In view of the definitely established fact that the lesions of thrombo- 
angiitis obliterans do occur in the coronaries, as was shown by the 
postmortem observations in some of the cases cited, the suggestion is 
near at hand that the occasional cases of angina pectoris and coronary 
thrombosis that occur early in life without any evidence of vascular 
disease elsewhere, may, in some instances, at least, be due to thrombo- 
angiitis obliterans of the coronaries and not to arteriosclerosis. 

The reason that it is not found more frequently on postmortem 
examination may be that the disease is characterized by a chronic course 
and that, as years go on, arteriosclerotic changes also take place in the 
vessels affected by thrombo-angiitis obliterans. The latter may be 
entirely overlooked in the presence of arteriosclerosis. 

PATHOLOGY 

From our studies of the gross pathologic changes of this disease, we 
have noted not infrequently that an organized thrombus may be found 
in one part of an artery causing occlusion and the vessel slightly above 
or below this thrombus be found perfectly free from any obstruction; 
some distance either above or below this thrombus another occlusion 
may be found. This would tend to show that the disease does not start 
from one special focus in a vessel, but rather arises at various levels, at 
different periods. This observation is based on the microscopic 
observations rvhich, for example, as in one of our cases, show a well 
organized thrombus in the posterior tibial artery and a subacute lesion 
in the lower end of this vessel. These observations tend to indicate that 
this disease is disseminated by the blood stream. 

19. Gross, L. ; The Blood Supply to the Heart, Its Anatomical and Clinical 
Aspects, ed. 1, New York, Paul B. Hoeber, 1921. 

20. Spalteholz, W. : Die Arterien der Herzwand, Leipzig, S. Hirzcl, 1924. 

21. Oberhelman, H. A., and LeCount, E. R.: Variations in Anastomosis of 
Coronary Arteries and Their Sequences, J. A. M. A, 82:1321 (.April 2 

22. Wearn, J. T. : The Role of the Thebesian Vessels in the Circulation of the 
Heart, J. E.xper. -Med. 47:293 (Feb. 1) 1928. 
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It is probable that the disease attacks the larger vessels first, then, in 
the late stages, obliterates the arterioles and capillaries. This is shown 
l)y the fact that gangrene does not occur, as a general rule, until late in 
the disease. We know from the studies of Meleney and Miller ” and 
the observations of Lewis ® that there is a vigorous attempt at the 
formation of a collateral circulation to compensate for the occlusion of 
the larger vessels. It would be necessary, therefore, for the smaller 
arterioles and capillaries to hypertrophy and dilate to take care of this 
circulation ; it is not unusual for this disease to exist for many years 
with no evidence of impairment of the circulation, although pulsation 
in the dorsalis pedis and posterior tibial arteries is absent. This points 
out that the circulation is taken on bj' the small arterioles, and that for 
some unknown reason the larger vessels suffer most, although some of 
the smaller vessels no doubt are also attacked late in the disease. 


The collateral circulation in this disease evidently plays the most 
important role, and the ability of the arteries to make and produce new 
and larger collaterals often is the deciding factor as to whether or not the 
patient will lose a member. The mechanism of the formation of col- 
lateral circulation is not altogether obvious or easily explained. It is 
a remarkable phenomenon that the main arterial channels become totally 
occluded without the part becoming gangrenous. Clinically, it is well 
recognized that with occlusion of the main vessels the collateral circula- 


tion has taken the place of the main arteries. Bolognesi performed 
experiments to determine the effect of ligating the e.xternal iliac artery 
in dogs. He found that the gluteal branches of the iliac artery, and 
especially those of the inferior or ischiatic gluteal artery, took part in 
the formation of the collateral circulation, becoming larger and richer 
m branches. These branches anastomosed fully with the femoral 
branches. Bernheim and Sachs,-* in studies on the collateral circulation 
of the lower extremities of patients examined post mortem, found that 
the circulation to the extremities, even though the femoral artery was 
occluded above the origin of the profunda femoris, could be taken care 
of iw way of the gluteal arteries in the presence of profound arterial 
disease. They observed in cases in which this condition existed that 


the gluteal vessels grew much larger and that they offered a direct line 
of blood flow to the tissues of the lower part of the leg and foot through 
the branches that run along with the sciatic nerve. In normal limbs 
these branches were almost invisible. That this can be accomplished 
is evidenced in a case reported by Dumas and Ravault,-"’ in which the 


-3. Dumas, A., and RavauU, P. ; Physiologic and Histologic Investigations 
oil the Circulatory Conditions in the Left Leg, the Femoral Artery of Which Had 
been Ligated in 1S70, Lyon chir. 24:387 (Jtily-Aug.) 1927. 

2.3. Bolognesi, quoted by Buerger (footnote 27). 

,,, l'‘-’™licim, B. M., and Sachs, L.; Notes on the Collateral Circulation in 
00 csscl Discase.sof the Lower Extremities, Ann. Surg. 86:417 (Sept.) 1927. 
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femoral artery had been ligated in the upper part of Scarpa’s triangle 
hfty-six years before. Tiie patient was a man who had been wounded 
111 tile left leg by a bursting shell in the Franco-Priissian war of 1870. 
He was examined prior to his .death, which occurred on Nov. 21, 1926. 
There was no evidence of vascular disturbance at that time. At 
autopsy, it was found that an adequate collateral circulation had been 
established, so that the femoral artery shortly below the ligature was of 
normal caliber and the popliteal, anterior and posterior tibial arteries 
were the same on one side as on the other. 

The veins in thrombo-angiitis obliterans present a condition similar 
to that of the arteries. Some authors = stated that about 30 per cent 
of their patients showed a superficial phlebitis ; occasionally one sees a 
deep phlebitis that is characterized by more or less edema, which some 
investigators use as a sort of indicator as to whether an amputation 
should be done above or below the knee. A superficial phlebitis 
developed in one of our patients while he was in the hospital 
(case 2). This was probably the condition that Buerger-^ referred to 
as migrating phlebitis. 

Pathologic Histology . — The pathologic changes are character- 
istic and certainly indicate that the initial process is inflammatory. One 
first notices in a vein a fresh clot made up of polymorphonuclear 
leukocytes, lymphocytes, mononuclear leukocytes, wandering cells and 
red corpuscles. As the lesion progresses, foreign body giant cells are 
seen. This phase is present in veins in which superficial ])hlebitis has 
occurred. Attention was directed to these foreign body giant cells first 
by Buerger.'® The inflammatory cells soon invade the intima, media 
and adventitia, so that in the process of healing the vein, artery and nerve 
are closely bound together by the newly formed inflammatory tissue. 
This tissue soon becomes well organized, and it is with difficulty that 
the vein, artery and nerve are separated. This process appears to be a 
phase of a defense reaction that occurs in inflammation and is really a 
reparative process. 

Since it has been proved that there are no changes in the blood 
to cause the formation of a clot or thrombus, it is fair to assume that 
the clot is due to trauma to the inner wall of the vessel. As this charac- 
teristic clot, made up of fibrin, polymorphonuclear leukocytes, wandering 
cells, mononuclear leukocytes and giant cells, begins to organize, strands 
of fibrous tissue arise from the periphery made up of young connective 
tissue cells, mostly fibroblasts. This process goes on until there is 

26. Allen, E. V., and Meyerding, H. W.: Surgical Procedure in Obliterative 

Vascular Disease (Thrombo-Angiitis Obliterans) ; A Report of 45 Cases, Surg. 
Gynec. Obst. 44:260, 1928. , , , i- 

27. Buerger, Leo: Circulatory Disturbances of the Extremities, Pli.ladclpb.a, 

W. B. Saunders Company, 1924, p. 214. 

28. Buerger (footnote 27, p. 320). 
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complete organization of the clot. In the process of the connective 
tissue change there are formed new small blood vessels lined by a single 
layer of endothelium and somewhat similar to the capillaries in healed 
or healing scar tissue. The pathologic picture is entirely that of an 
inflammatory process with the characteristic picture of healing. This 
process keeps repeating itself in various vessels at various levels and 
at different times, so that the condition is characterized by chronicit}^ 
and it is this chronic inflammatory process that slowly occludes the 
vessels. It has aptly been described, therefore, as a race between the 
formation of a collateral circulation and the occlusion in the main 
arterial channels. That this process is characterized b}" chronicity is 
proved by the fact that some patients with this disease have dated their 
symptoms back twenty years. We had one patient in our series who 
was positive that he had had symptoms of intermittent claudication for 
fully twenty years before the onset of the trophic disturbance. 


SUMMARY 


This study covered thirty-four cases of thrombo-angiitis obliterans ; 
twenty-seven cases came under our own observation and seven were 
collected from the literature. All the cases occurred in persons under 50 
years of age, who had had the disease for many years previous to the 
manifestations of definite nutritional disturbance. None of the patients, 
therefore, were of the “arteriosclerotic age” when the disease started. 
In the postmortem examinations which we collected, in which evidence 
of arteriosclerosis was found, the arteriosclerotic process was obviously 
not responsible for the condition, but had been superimposed on the 
long standing thrombo-angiitis obliterans. 

An analysis of our material shows that the disease is of a slow, 
insidious onset, and of many years’ duration. The vessels involved are 
slowly occluded and, owing to this slow occlusion, there is an opportunity 
for collateral circulation to be established. This explains the fact that 
the nutrition of the part supplied by the occluded vessel is maintained, 
and a patient may go on for many years without nutritional disturbance 
of the parts involved. We have also seen that the process in the arterial 
tree does not spread by extension from a single focus, but may occur 
at different levels in an artery and in various vessels at different 
periods. 


Above all, the analysis of our cases, and of those collected from 
the literature in which necropsies were performed, demonstrates that 
this disease is not confined to vessels of the e.xtremities, as is generally 
accepted, but is a generalized disease that may affect any part of the 
arterial tree, including the coronary arteries, the abdominal arteries and 
the arteries of the brain. 


4/S Commonwealth Avenue— 45 Bay State Road. 
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CONGENITAL DEFORMITIES 

Congenital Dislocation of the Hip. — SlacAusIand * reviewed the his- 
tor}' of the operative treatment of congenital dislocation of the hip. 
According to him, the patients wdio should receii'e operative treatment 
are; (1) children from 4 to S years of age, in whom one or two closed 
manipulations have failed; (2) children over 8 years of age, and (3) 
adults with marked deformity or arthritic symptoms. The choice of 
operation depends on the existing deformiW and to some extent on the 
age of the patient. Simple replacement of the head into the acetabulum, 
or some form of reconstruction operation noth or without the formation 
of a shelf, or arthrodesis are the procedures one has at one’s disposal. 
The author describes in detail his operative technic and the postoperative 
care of the patient. 

NUTRITIONAL DISTURBANCES 

Activated ErgostcroL — ^An editorial in The Journal of the American 
Medical Association - sa3'S that recent studies of Rosenheim and Y^eb- 

* Submitted for publication. Sept. 12, 1929. 

* This Report of Progress is based on a review of 238 articles selected from 
390 titles dealing with orthopedic surgery appearing in medical literature between 
Feb. IS, 1929, and June 1, 1929. Only those papers which seem to represent 
progress have been selected for note and comment, 

1. aiacAusIand, W. R.: Surg. Gynec. Obst. 47:697 (Nov.) 1928. 

2. Editorial: The Precursor of Vitamin D: Ergosterol, J. A. M. A. 91: 
HIO (Oct. 13) 1928. 
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ster in London make the position of ergosterol as a parent substance of 
vitamin D appear unique. They have presented evidence which 
strengthens the assumption that only a molecular structure such as that 
possessed by ergosterol enables an esterol to be photochemically con- 
verted into vitamin D, and confirms the evidence already available for 
the view that ergosterol is the specific parent substance of vitamin D. 
Fortunately, the substance is obtainable with comparative ease from 
natural sources, so that there need be no limitations to its availability 
for therapeutic use if this is finally established on a sound basis. 

Karelitz “ discussed the value of ergosterol, a substance formerly 
isolated from mushrooms, ergot and yeast, when activated by a mag- 
nesium spark of a mercurj^ vapor quartz lamp. He cited evidence to 
prove that it is 20,000 times as effective as cod liver oil in combating 
rickets. 

Hess, Bills and Honeywell,^ studying the variability of the anti- 
rachitic potency of cod liver oil, found that contrary to current opinion, 
this varies inversely with the amount of oil in the livers. From 
extremely “poor” livers, oil was extracted which was 200 times more 
potent than high grade cod liver oil and far more potent than any oil 
heretofore assayed. The oil from livers of individual cod may vary 
1,000 times in their antirachitic value. 

Renal Rickets . — Kellet ® reported a case of renal rickets in which 
the inorganic phosphorus in the blood was below normal (3.82 mg. per 
hundred cubic centimeters). The blood urea was 158 mg. and the 
calcium 10.4 mg. It has been suggested that the bone changes in renal 
rickets are due to an increased retention of phosphorus Ijecause of the 
failure of the kidney to excrete phosphorus. This case appears to 
refute this view. Kellet reported benefit in this case from ultraviolet 
therapy, whereas in most cases of renal rickets the patients are made 
worse by actinotherapy. 

DISTURBANCES OF GROWTH 

Displacement of the Upper Femoral Epiphysis . — In a review of 
twent}'-seven cases of displaced upper femoral epiplwsis, Badgle}' ® 
expressed the belief that at adolescence there is a change in the anatomic 
relationship of the head to the neck of the femur, and that there mav 
l)e a tliinning of the periosteum at the time of puberty, as pointed out 
by Key. These factors plus obesitr' and rapid growth, which are char- 

3, Karelitz, S. : Activated Ergosterol in Treatment of Rickets, Am T Dis 
Child. 36:1108 (Dec.) 1928. 

• Honeywell, Edna 2tl.: .■\ntirachitic Potenev 

in Relation to Volume of Oil in Liver of Cod. J. A. M. .A. 92:226 (Jan. 19) 1929. 

Kellet, C. E.: Proc. Roy. Soc. Med. 22:142 (Dec.) 1928. 

00 displacement of Upper Femoral Epiphvsis, T. A A 

(Fch. 2) 1929. ' ' ‘ ‘ 
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acteristic of these patients, are important. The endocrine dysfunction 
IS, he thinks, of little significance. The necessity of early treatment is 
emphasized. In the preslip stage he advised a plaster spica with the hip 
in abduction and internal rotation for six weeks and then the use of a 
walking caliper. The cases in which displacement has occurred recently 
require the Whitman manipulation, a plaster spica for five weeks, at 
the end of which time physiotherapy is started. At the end of eight 
weeks, a splint is given and the patient allowed to walk. In cases in 
which the epiphysis has been displaced as long as four months, Badgley 
would employ the curved osteotomy of I^^ilson. In young adults in 
whom healing has occurred the Whitman reconstruction operation is 
required, while in older patients fusion seems the best method of 
treatment. 

[Ed. Note. — Obestiy is not always a characteristic of this condi- 
tion, and we are not prepared to say that endocrine dysfunction is of 
little significance. As yet we know too little of this condition to make 
such statements.] 

Achondroplasia . — Warner ’’ described and gave illustrations of 
twins, aged years, one of whom was an achondroplastic dwarf 
and the other a normal child. He argued from this that achondroplasia 
is an inherited variation and is not due to any maternal infection or 
influence. 

VASCULAR DISEASES 

Thrombo-Angufis Obliterans . — ^Allen and Smithwick ® reported their 
results in twent3'-five patients with peripheral vascular disease, treated 
by foreign protein shock. Two of the cases were undoubtedly of vaso- 
motor origin; thirteen were of presenile gangrene, clinically thrombo- 
angiitis obliterans; six were of arteriosclerotic gangrene, including 
those with associated diabetes; and four were unclassified. Nineteen 
patients were admitted with ulceration, only six had pulsating vessels, 
and nineteen were completely disabled. The number of treatments 
varied from one to fifteen over periods varying from three weeks to 
fifteen months, without deleterious effect on the patient. Of the nine- 
teen patients entering with complete disability, five had major amputa- 
tions and are included in the group of seven patients considered as 
unrelieved. Twelve of the nineteen patients with complete disability 
have been able to return to their former work. Nonspecific foreign 
protein (typhoid vaccine given intravenously) gives a definite reaction 
much like that observed following periarterial sympathectomy with a 
definite relief from pain and a beneficial change in the appearance of 
the lesions. The reaction can be repeated at intervals of seven days 


7. Warner, Allan; Brit. M. J. 2:983 (Dec. 1) 1928. _ 

8. Allen, Arthur W., and Smithwick, R. H-: of Foreign Prof em m 

Treatment of Peripheral Vascular Diseases, J. A. Jf. A. 91:1161 (Oct. ~ ) 
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or more with subsequent healing of the ulcerations. The treatment 
should be combined with proper hygiene and minor surgical operations 
when necessary, as it enhances the safety of such procedures. 

The end-results in ninety periarterial sympathectomies were reported 
by Muller.® In arteriosclerotic patients twelve operations were per- 
formed, two of these being relieved from pain. In no cases of arterio- 
sclerosis was gangrene checked by sympathectomy. Seventeen opera- 
tions were performed for thrombo-angiitis obliterans. Two of these 
were followed by definite improvement. Pain was relieved, but no 
increase in the circulation was found. The operation was performed 
in three cases of Raynaud’s disease with relief from symptoms in two 
of the cases. The author expressed the belief that the operation is of 
particular value in chronic ulcers of the extremities which have not 
yielded to the usual therapeutic measures. 

Archibald found that pain from arterial disease of organic origin 
was not relieved by periarterial sympathectomy in more than half his 
cases. Ramisection was necessary in some to relieve pain. 

Philips reported a number of cases of neurocirculatory disease in 
which roentgen treatment was given. He stated that irradiation given 
over the spinal segments controlling the affected parts overcomes an 
overirritated status of the sjnnpathetic ganglions. Relief from pain 
may occur immediately or several weeks later, followed by improvement 
in the circulation. 

[Ed. Note. — These reports are significant in that they show the 
widespread interest in conservative measures as against amputations in 
vascular diseases of the extremities. The last report is of an untried 
field, as far as we are aware, and should be repeated by other roentgen 
therapists.] 

NEUROLOGIC CONDITIONS 

Traumatic Ulnar Neuritis . — Platt divided ulnar neuritis into the 
following clinical groups : 

1. Priniary neuritis resulting from contusions of the nerve or from 
supracondylar fracture or dislocations of the elbow. 

2. Secondary neuritis complicating fractures of the lower end of the 
humeru.s or dislocations of the elbow. 

3. Delayed neuritis, a sequel to external condyle fractures or caused 
by recurrent dislocation of the nen^e. 

In the milder forms of neuritis, resting the nerve in a relaxed posi- 
tion usually suffices ; but in the severe form, the operative treatment 

9. Muller, G. P.; Aun. Surg. 88:474- (Sept.) 1928. 

, Ann. Surg. 88:499 (Sept.) 1928. 

1. H. B.: M. J. & Rcc. 128:559 (Dec. 5) 1928. 

- ilatt, Harry; Surg. Gynec. Obst. 47:822 (Dec.) 1928. 
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is usually indicated. The technic of anterior transposition of the nerve 
is described in detail. Special emphasis is placed on preservation of 
the small branches of the nerve and its blood supply, and on careful 
fixation and protection of the nerve in its transplanted position. 

Sttrcjcry of the Sympathetic System. —Lerkhe « concluded from bis 
observations that the sympathetic nervous system acts like a vast 
sensory cistern with reflex associations everywhere. Ever)- section of 
a sympathetic chain is followed by active vasodilatation that is more or 
less lasting. Paresis of vessels never occurs. Section, also, is always 
followed by cicatricial neuroma. The author reports the results in 400 
cases of ganglionectomy, ramisection and arterial sympathectomy. Grati- 
fying results are reported in the neuralgias following severe injuries or 
amputations of limbs and in chronic ulcers. 

Von Lacknm found no reason to withdraw his statement of 1926 
that "there is no longer any doubt as to the efficacy of sympathetic rami- 
section in certain cases of spastic paralysis.” Fifty-four lumbar and 
ten cervical ramisections have been .performed. Good results can be 
obtained only in patients with the best mentality. Von Lackum felt 
that this procedure offers an effective means of relief in njany cases 
of spastic paralysis in children. 


TUBERCULOSIS 


Roentgen Diagnosis. — Ghormley and Bradley, who believe that the 
study of a single roentgenogram of a tuberculous spine is of interest 
from a diagnostic standpoint, but from a prognostic standpoint is of 
much less value than a series of roentgenograms on the same patient, 
gave the result of their study of seventy such pictures taken at the New 
England Peabod}’ Home for Crippled Children. These pictures were 
taken at four month intervals over a period of from two to five years 
or more. The patients have for the most part been treated by con- 
servative methods — recumbency during the early stages of the disease, 
combined with heliotherapy, fresh air and the usual modern requisites 
in good general cave of tuberculous patients. These estimates would 
therefore probabl)^ vary somewhat in a series of cases in which opera- 
tion had been performed. 

From this study the writers concluded that : 

1. Calcification in a lesion does not necessarily mean satisfactorj' 
healing. 


13. Lerkhe, R.: Ann. Surg. 88:449 (Sept.) 1928. . 

14. Von Lackum, H. LeRoy: Sympathetic Ramisection m Spastic Parahsi., 

J. A. il. A. 92:139 (Jan. 12) 1929. gg 

15. Ghormley, Ralph K., and Bradley, John L: J. Bone & Joint Surg. 1 . 

(Oct.) 1928. 
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2. Clearing 'or reestablishment of bony detail is a much better indi- 
cation of healing. 

3. Bony fusion or bony block is a favorable sign. 

4. Decrease in the size of the abscess is a favorable sign, while 
' increase in the size of the abscess is decidedly an unfavorable sign. 

5. Paravertebral abscesses accompanying dorsal Pott’s disease are 
dangerous in that they cause a much wider destruction than the 
original lesion. A mechanical pulsating force must play a part in their 
production. 

6. It is suggested that early eradication of such abscesses might be 
attempted, but the danger of establishing a permanent sinus is serious. 

Treatment . — Clavelin and Sicard’® advocated the use of intravenous 
administration of calcium chloride followed immediately by ultraviolet 
irradiation. This was suggested to them by the work of Weill and 
Guillamin on calcium fixation. They have worked out a definite dosag; 
and plan of treatment, and feel that they have had favorable results 
in twenty-eight cases. 

POLIOMYELITIS 


Use of Convalescent Scrum . — According to Aycock. Luther and 
Kramer,” the rationale of giving convalescent serum in poliomyelitis 
is based on three facts : 

1. One attack of poliomyelitis apparently confers immunity from 
the disease. 


2. The blood serum of human beings and of monkeys who have 
had the disease neutralizes the virus. 

3. Convalescent serum when tested experimentally exerts a pro- 
tective action against the virus. 

The blood, after fever and muscle tenderness have subsided, is 
collected into a .special bottle (from 400 to 500 cc. from adults and from 
200 to 300 cc. from children). It is then incubated for one hour at 
37 C., and the serum is drawn off into an aspirating bottle. The 
serum is given both intraspinally and intravenously. Twenty cubic 
centimeters of the spinal fluid is withdrawn, and the same amount of 
.•■erum is introduced into the spinal canal; following this, 60 cc. of the 
scrum is given intravenously. The intraspinal dose is repeated the 
allowing day, and if the fever persists, the intravenous dose may 
again be given. Reactions are frequent but usually not severe. 

Tendon 7 ransflantations . — Xaughton Dunn.” in his presidential 
address to the orthopedic section of the Royal Society of Medicine, 


Id. Chvehi) .-iml Sicard. Andre: Presse med. 36:227 (Feb. 22) 192S. 

vnle'ccm' Kramer, S. D.; Technic of Con- 
" Therapy in Pohomyeh'tis J. A. M. A, 92:385 (Feb. 2) 1929. 

K. Dunn, Xaughton: Proc. Roy. Soc. Med. 22:243 (Dec.) 1928 
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London, on the surgery of the muscles and tendons in relation to 
nifantiie paralysis, emphasized the fact that division of tendons and 
muscles is seldom necessary for the correction of deformity. In 
Dunn’s opinion, no tendon should be divided or lengthened unless the 
surgeon is satisfied, as a result of his experience, that ( 1 ) correction ' 
of the deformity u-ill improve function; (2) elongation or division of 
tendons is necessary to correct that deformity, and (3) the power of 
the shortened muscle or tendon cannot be utilized by tendon trans- 
plantation at the time of the operation. Dunn quoted flexion deformity 
of the hip to illustrate this axiom. The operative correction for 
flexion deformity of the hip joint that is commonly advised weakens the 
tensor fascia feinoris and the gluteus niedius ; and vet no splintage 
can mask the limp resulting from paral 3 'sis of the gluteus niedius, and 
s operation of transplanting the tensor fascia feinoris is the 
usual operation recommended to replace its function. Dunn there- 
fore strongly urged the gradual correction of flexion contracture 
of the hip, thereby preserving muscles that might be badly needed 
for transplantation. Dunn stated that the successful transference 
of muscle power to a new insertion, given a good surgical 
technic, is mainly dependent on the recognition of the group action of 
muscles. In the foot, for example, there are for practical purposes 
only two groups of muscles: (1) the anterior tibial, in action in 
dorsiflexion of the foot ; (2) the peroneal and posterior tibial muscles, 
associated in action with the tendo achillis in plantar flexion. Any 
of the anterior tibial muscles can successfully replace one another, but 
no tendon from the peroneal or posterior tibial group will effectively 
replace the loss of active dorsiflexion. In the upper limb where the 
action of individual muscles is more specialized, reeducation of an 
individual tendon to act apart from its group is more practicable. In the 
technic of transplantation, Dunn expressed the belief that the impor- 
tant facor is the degree of tension under which the tendon is sutured. 
The method of attachment— whether to bone periosteum or tendon— 
and the presentation of the tendon sheath, he considers of minor 
importance. For weakness of the tibialis anticus, Dunn performs the 
operation he calls “tendon fusion.” All the anterior tibial tendons 
above the ankle are sutured together, the tension on individual tendons 
varying according to the previous tendency to inversion or eversion of 
the foot. While recognizing tendon transplantation as helpful, Dunn 
expressed the belief that it does not by itself produce spectacular 
success and that joint fusions are frequently needed in addition. 

[Ed. Note.— Naughton Dunn’s observations on lengthening muscles 
in infantile paralysis are well taken.] 
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PYOGENIC INFECTIONS 

Osteomyelitis. — Pheniister,” writing on the unusual forms of osteo- 
myelitis, listed sclerosing osteomyelitis, localized diaphyseal osteo- 
myelitis, nonsuppurative or fibrous osteom3'elitis, chronic hemorrhagic 
osteomyelitis and osteitis fibrosa cystica. In sclerosing osteomyelitis, 
there is a wide diffusion of the infection without necrosis. Pain of 
varying intensit}^ is the onl^^ symptom, and the patient is usualh'” relieved 
by opening the sclerosed bone. Localized osteomyelitis in the shaft 
may be acute or chronic; pus is found only very early, and later the 
necrotic tissue is replaced by fibrous tissue. xA.reas of nonsuppurative 
osteomyelitis develop rather silentty and are often mistaken for neo- 
plasms. In chronic hemorrhagic osteomyelitis, the diseased tissue is 
stained brown from the blood pigments. It runs a chronic mild course, 
and the walls of the diseased area show the signs of an inflammator}' 
process. Osteitis fibrosa cystica may be single or multiple and usually 
appears during the growing period. The walls of such cysts are 
definitely inflammatory. It is often difficult to differentiate such tissue 
from benign giant cell tumor. 

ARTHRITIS 


The Synovial Fluid in Arthritis. — Forkner, Shands and Poston ““ 
studied the bacteriology and cytology of the synovial fluid in sixty-three 
cases of chronic arthritis. Of these fifty-two were infectious, nine 
h3^iertrophic and two both infectious and hypertrophic arthritis. Organ- 
isms were recovered in fourteen cases, eleven of these being Strepto- 
coccus viridans, two the gonococcus and one Staphylococcus aureus. 
Bactcriologic examination of the regional lymiph nodes gave positive 
cultures in 48 per cent. The cells in the synovial fluids of thirt3f-three 
patients were studied by the supravital technic. The polymorphonuclear 
neutrophils were increased in all cases, rvhen organisms were recovered 
from the fluid. In synovial fluids in rvhich no organisms were obtained, 
the monocytes and lymphocytes gave higher counts. 

Deformity of Knee in Arthritis . — Swaim pointed out that the 
commonest deformity of the knee in arthritis is flexion and subla.xation 
with outward rotation. This deformity' presents a grave problem in 
the plan of reconstruction of the chronic arthritic patient as, no matter 
ivliat procedures one may use — conservative stretching, manipulation 
or operation — only rarelv is the knee a complete functional success. 
Mc.xion deformities can be prevented early' in the disease and so simplv 
that it can be done by any one. Swaim believed that if more care 


Plicmi^cr. D. V,.: Xortlnvcst Med. 27:460 (Oct.") 1928. 

20. Forlaier. C. K.; Shands. A. I?., .and Poston, ^t. A.; Svnovfal Fluid in 
cliromc Arthritis. .\rch. Int. .^rcd. 42:675 (Xov.) 1928. 

21. Swaim, Lirins; T.: T. Bono S: Joint Surg. 10:742 (Oct.) 1928. 
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were exercised in the beginning of the active arthritis to foresee and 
prevent this one deformity, most patients with chronic arthritis would 
be on their feet much earlier than at the present time is possible. 
These deformities can be prevented by the use of properly applied 
plaster casts which should be bivalved and used at night and supple- 
mented during the day with active exercise or a cuff with a heavy 
elastic band applied to the upper end of the tibia attached to a Balkan 
frame which takes away the mechanical force that causes the deformity. 


MISCELLANEOUS 


Fnndcnncnla} Conceptions in the Understanding of Pathologic 
Change in the Bone . — Leriche and Policard ■" discussed the four funda- 
mental principles which in their opinion must henceforth govern all 
investigations of pathologic change in the bone. 


1 . Bone tissue must be considered as a storehouse of mineral matters 
(subject to the fluctuations of the circulation). A large part of patho- 
logic change in the bone must be regarded as resulting from anomalies 
or derangements of the mineral reserve function. In order to under- 
stand this it is essential to know by what physiologic process the mineral 
reserves that constitute bone are built up or torn down. The authors 
believe that I’ariation in the blood supply plays a large part in causing 
withdrawal of calcium. By experiment, they have been able to demon- 
strate that increase of the circulator}' activity in the region of a bone 
is followed by rarefaction of that bone, e. g., by ramisection or peri- 
arterial S}'mpathectom}' there is produced an intense vasodilatation with 
decalcification of the bone. Since active vasodilatation produces an 
excessive withdrawal of mineral matter from the bone, they conclu e. 
(1) that active vasodilatation is the physiologic mechanism emploje 
by the organism where it needs calcium; (2) that the organism w len 
it needs mineral salts extracts them from the reserve supply h) u ar e.s 
of vasodilating nerve impulses and (3) that all diseases 
or local which provoke active vasodilatation must cause decalci ca m 
of the bones in that region. They point to the phenomena o 
cation that are observed in pregnancy, in phosphate 
after traumatisms as confirming these hypotheses. Th^}’ ^ ^ 
such lesions as Kienbock’s disease, Kohler’s disease 
scaphoiditis as of vasomotor origin, characterized by a 
faction, spontaneously curable but with dysharnionic-osteo^en 


esses of repair. 

2. The laws of osteogenic reconstruction m 
anatomically the evolution of diseases of bone. 


the adult govern 


22. Leriche, R., and Policard, A.: 


med. 36:1282 (Oct. 10) i928. 
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According to the authors, the fundamental principle is that at the 
beginning of every process of ossification there is produced an active 
h3'’peremia, acting simultaneously on the bone and on the adjacent soft 
tissues. This provokes a rarefaction of the former and an edema of 
the latter. The rarefaction sets free mineral salts, but as the ability 
of the blood to transport calcium is fixed at a constant, these salts 
become deposited in the adjacent soft tissues which have been prepared 
by the edema for participation in the reparative process. The same 
process applies to pathologic ossification whether resulting from infec- 
tion or not. 

3. Bone not onl}' is a storehouse for minerals, but is also a hemato- 
poietic organ. 

According to the authors, the bone marrow has nothing to do with 
the phenomena of ossification or with the life process of bone. The 
reactions of bone and of the bone marrow are entirely independent. 

4. The mechanism of growth in length of bone is purely of cartilagi- 
nous character. 

The authors stated the belief that growth in length is bound up 
with a balance between two phenomena of inverse character which 
follow each other without ever stopping: the growth of cartilage and 
its destruction by the bone. If the cartilage cells cease to multiply, 
growth stops. If the cartilage fails to obtain nourishment, ossification 
does not take place and again growth stops. The cartilage is nourished 
by imbibition; its diseases are only trophic disturbances. Because of 
the absence of blood vessels, the cartilage is onl}' affected by means of 
its exchanges even in iirfection and inflammation. Finall}’, the life 
and the death of the cartilage are regulated by endocrine influences. 
All diseases of growth of bone and the dystrophies of the epiphyseal 
cartilage ought to be studied in the light of these considerations. 

[Ed. Note. — Lcriche and PolHcard have for a long time been pro- 
found students and active experimental investigators of the physiology 
of bone. The views expressed in the foregoing paragraphs represent 
a erystalHzation of ideas which have been previously expressed at 
greater length and more detail in book form. Thej’- support the 
J^iy.sioclinical theory of ossification as contrasted with the osteoblastic 
cellular theory. While many of their ideas are purely speculative and 
their conclusions open to question, ever}- one who is familiar with their 
nork will admit its scholarly quality and its background of studious 
nnestigation and careful observation. All physicians who are interested 
in bone surgery should read their interesting and thought provoking 
hook. The Physiology of Bone.'®] 

23. l.criclic, R,. and Policard. A.: The Normal and Pathological Physiolo'^y 

t -I Translated by Sherwood Moore and J. .Mbert Kev St 

)-otn.s C. \ , Moshy Company. 1928, pp. 256. ' ’ ’ 
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Myofascitis. — Albee-* defined myofascitis as a local manifestation 
of a general toxic condition, evidenced by a low-grade inflammation 
or toxic involvement of the muscles and fasciae, the symptoms pre- 
dominating at the fascial insertions of muscle to bone. He has found 
it a prevalent condition and considers it a frequent cause of backache 
often misdiagnosed as sacro-iliac strain, lumbago, sciatica and muscular 
rheumatism. In his experience the evidence has indicated the colon as 
the source of the toxic absorption in 90 per cent of the patients, and the 
teeth, tonsils, sinuses, and gallbladder in the remaining 10 per cent. 
He has obtained striking relief of symptoms by removal of the toxic 
absorption from the colon, often in patients who had been entirely 
unrelieved by mechanical and supportive treatment of the spine. 

[Ed. Note. — M 3 'ofascitis as described by Albee ma}’’ exist, but its 
presence is difficult to prove. Unfortunately, there is scarcel}^ ever 
any chance of investigating the pathologic changes at necropsy. In 
cases such as these, it is almost impossible to rule out a mild toxic 
or infectious arthritis of the spine in a stage too earl}" to show prolifera- 
tive bone changes by roentgen examination. Aleasures susceptible of 
relieving the one ought also to benefit the other. Whether we call it 
myofascitis or arthritis, we can at least agree on the necessity of remov- 
ing foci of infection and eliminating intestinal, absorption in many 
cases of painful back.] 

Volkmann’s Ischemia . — Robert Jones’ clinical experience agrees 
with the experimental observations of Brooks and Jepson that venous 
obstruction is the chief causative factor in the production of Volk- 
mann’s ischemia. The pressure causing the obstruction may come 
from without (splints or bandages of a too flexed elbow) or from 
within (unreduced displacement of bones and subfascial hematoma). 
It is Jones’ opinion that ischemic contracture might occur in spite of 
every precaution, but nevertheless the best treatment is prevention. The 
prophylactic measures which he advises and which have been successful 
pj*gvgnting the development of any instance of ischemia in his own 
practice are the following: 

1. Reduction of dislocations and displaced bones as soon as possible. 
He does not advocate leaving unreduced a supracondylar fracture for 
several daj's in order to avoid ischemia. His method of reduction has 
been as follows ; “I first extend the arm, supinating and pulling it at 
the same time. While the thumb is placed on the upper fragment the 
extended and stretched elbow should be fle.xed. This usually and with- 
out difficulty gives a complete reduction. 

24. Albee, Fred H.: Jtlyofascitis from Orthopedic Standpoint, I. A. 31. A. 
91:1364 (Nov. 3) 1928. 

25. Jones, Robert: Brit. M. J. 2:639 (Oct. 13) 1928. 



WILSON ET AL.— PROGRESS IN ORTHOPEDIC SURGERY 763 


2. Using no force in flexing the elbow. KLo force should be neces- 
sary; if the arm does not flex easily, it is suggestive of blocking due' 
to displaced fragments. 

3. Avoidance of circular compression. 

4. Avoidance of all splints. 

The wrist is slung in a collar and cuff sling under the chin. Whether 
or not there is swelling, it is a mistake to bandage the arm to the 
forearm or the elbow to the side. 

5. For the first few days, critical observation of all fractures about 
the elbow. 

For treatment of the fully developed condition, the author has for 
years used nothing but his own previouslj'^ described method of gradual 
stretching, and he has often obtained good results by this method in 
patients who had been subjected to operation previously without suc- 
cess. In his experience, operative treatment has not been helpful ; 
and he warns against bone resections, tenoplasties, myotomies and 
tenotomies. 


[Ed. Note. — Robert Jones first wrote on Volkmann’s ischemic 
paralysis in 1908. Now, twenty years later, he has given his present 
views on the subject in a brief paper. No abstract can do justice 
to this paper, in which every conclusion and suggestion are based on a 
lifetime of experience.] 

Bailey stated that be has transplanted the internal epicondyle of 
the humerus by suturing it into a subperiosteal bed one third of the 
way down the shaft of the ulna for the relief of Volkmann’s ischemia. 
Three weeks after the operation, the fingers could be completely 
extended. At the end of seven months, the patient had recovered almost 
perfect function in the limb. The operation was performed four 
months after the onset of the ischemia, which followed a supracondylar 
fracture. Massage and splintage had been tried in the interval, without 
any appreciable improvement. 

Spontaneous Dislocations of Hip Joint During Early Life . — Hart "' 
analyzed twenty-eight cases of spontaneous dislocation of the hip in 
children. He found that sixteen followed a metastatic septic arthritis, 
four were due to poliomyelitis, four to spastic paralysis and four 
icsulted from tuberculosis and chronic arthritis. He considered that 
the essential factor in all cases is a muscular imbalance. Prevention 
>s the best form of treatment, and to this end it is necessary' to keep 
the hip from assuming the adducted, flexed and inwardly rotated posi- 
tion. Constant traction, if properl}- applied, is an efTective therapeutic 
measure. 


2o. Itailcy, Hamilton: Brit. J. Surp. 16:335 (Oct.) 1928. 

•trch .Surp 17 "g'' Disloc.-itions of Hip Joint During Early Life, 
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'Riders’ Lcf//— Writing of “riders’ leg," Winn =» stated that he has 
encountered forty-two cases of this injury at the Cavalry school dur- 
ing the past two years. It is of great economic importance, being one 
of the chief causes of inability to ride among officers. “Riders' leg” 
is rare among enlisted men who use the McClennan type of saddle 
with long stirrups. The officers use a flat saddle with short stirrups. 
The cause is a severe strain of the adductor muscle group. The 
muscles involved are the pectineus, adductor brevis, adductor longus 
and adductor magnus. The author has never been able to demonstrate 
gross periosteal evulsion. The injur}' in ait cases observed followed 
sudden exertion of the muscles due to an unexpected movement of 
the horse. The symptoms are sudden severe pain in the thigh, gradu- 
ally becoming so severe that further riding is impossible. Pain recurs 
with attempted adduction or on walking with a long stride. Acute 
tenderness is found over the upper portion of the adductor longus. 
In some cases, ecchymosis is noticed in the pubic region. In most 
instances, recovery takes place in from a few days to two weeks. The 
injury, however, predisposes to further strains of the adductors. In 
recurrent cases, several months are sometimes required for recovery. 
Treatment consists in rest and the application of heat in mild cases. A 
diagonal cross hatched strapping with adhesive plaster from close up 
in the crotch to the midthigh gives immediate relief in mild cases. In 
old recurrent cases, the author uses an elastic thigh stocking. 

SURGICAL PROCEDURES ON THE BONES, JOINTS AND TENDONS 

Operative Lengthening of the Femur. — Abbott and Crego described 
a method of lengthening the femur in patients with unilateral shorten- 
ing of the leg which they have used successfully in eight patients. The 
same principle was employed as in their method of lengthening the 
tibia and fibula previously described. After performing a Z shaped 
osteotomy of the shaft of the femur and inserting transfixion pins in 
the upper and lower ends of the bone, an apparatus is applied which 
permits gradual distraction of the fragments while maintaining accurate 
alinement. By employing this apparatus, the authors were able to 
obtain an average increase in length of inches in four weeks. The 
lengthening finally obtained varied from 1 to inches. There were 
no infections and no nonunions. The authors do not recommend this 
as a routine procedure, but advocate it in carefully selected cases. 

[Ed. Note. — Abbott and Crego’s careful work and ingenious appa- 
ratus have made lengthening of the lower extremity a dependable 
procedure. About sixty patients have been operated on by them, wit i 

28. Winn, D. F. : Alii. Surgeon 63:507 (Oct.) I92S. 

29. Abbott, L. C. and Crego, C. H.; South. M. J. 21:823 (Oct.) 1928. 
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uniform success. There have been no disasters. At present, lengthening 
of the tibia and fibula is more of a standardized procedure and involves 
fewer difficulties than lengthening of the femur, but the latter method 
is still being developed.] 

Results of Stabilhiug Operation for Paralytic f.— Dickson 

made a further report on the results obtained by the operative method 
previously described by him for stabilizing hips rendered unstable by 
paralysis of the gluteus maximus and minimus muscles. The operation 
consists in transplanting the origin of the tensor fasciae feraoris from 
its position just external to the anterior superior spine to a new posi- 
tion on the crest of the ilium in the vicinity of the posterior superior 
spine, thus bringing the muscle posterior to the axis of the hip joint 
where it acts as an extensor instead of a flexor of the hip. 

Dickson has operated on forty-six patients. Of these, thirty-two 
have been under observation a sufficiently long time to permit an 
estimation of the final result. In ten of these, the limp has been elimi- 
nated or greatly improved ; in fourteen there has occurred a definite 
improvement in stability of the hip, but with a definite limp still remain- 
ing; in eight, the results have been failures in that no more improve- 
ment has been obtained than could have been expected by overcoming 
the hip-joint flexion deformity which was present. All the failures 
were in cases in which a weak or paral)'zed tensor fasciae femoris 
muscle was used. 

Operative Fusion for Tuberculosis of the Spine. — Henderson®^ dis- 
cussed the role of fusion operations of the spine in Pott’s disease, 
basing his remarks on a study of 301 patients on whom this operation 
in one of its various forms had been performed at the Mayo Clinic 
between 1912 and 1925. Albee’s bone graft technic was employed in 
269 patients and Hibbs’ osteoplastic method in 32. In a few instances 
after the Albee method, secondary operations were required because 
of fracture of the graft. Only 16 of the patients operated on were 
under 10 years of age, and 227 of the patients were between 20 and 
40 years of age. 

It was found that the length of time necessary to complete the 
convalescence was nearer two years than one and sometimes more, 
and that the patients who were able to rest and observe the general anti- 
tuberculous regimen improved much faster than those who did not. 
The author concluded that the operation has an important role in help- 
ing to obtain a cure and that it ought to be employed in adult patients 
who are in good general condition, and if there is no evidence of 

30. Dickson, Frank D.-. J. Bone & Joint Surg. 10:712 (Oct.) 1928. 

A Fusion for Tuberculosis of Spine, J A 

M. A. 92-.4d (Jan. 5) 1929. . j- -n.. 
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impending wide dissemination of the disease and no draining sinuses to 
contaminate the operative field. He expressed the conviction that it is 
useless to subject to this operation patients who in addition to Pott’s 
disease have advanced tuberculosis of tbe lungs or of the genito-iiriiiary 
tract. ^ 

Extra-Articular Fusion of the Tuberculous Hip in Children. 

Stating his conviction that patients with tuberculosis of the hip never 
recover a useful degree of motion, Kidner advocated fusion of the 
hip by tbe extra-articular method. He considered this to he indicated 
even in the case of children. He has performed this operation in six- 
teen children and has followed them through to the end-result stage. 
In all cases, the progress of the disease has been arrested and S 3 'niptoins 
relieved. He considers the juxta-articular methods of Kappis and 
Hibbs and the free graft method which he has devised preferable to 
the para-articular methods of Albee, Calve and others. From this 
study he concluded that the earlier in the disease the operation is per- 
formed, the less will be the shortening and the shorter the period of 
invalidism. 

[Ed. Note. — We have advocated arthrodesis for tuberculosis of the 
hip in adults for a number of years, but have been reluctant until 
recently to take the same stand in respect to children and to abandon all 
hope of recover}' without ankylosis. Subsequent experience has, how- 
ever, finally convinced us that to delay operation is to expose the child 
to serious risks and that ankylosis in good position is not only the best 
guarantee of cure, but also the best means of preserving inaximum 
function.] 

Recurrent Dislocation of the Shoulders. — Oudard described a new 
operative procedure for the relief of recurring dislocation of the shoul- 
der which in his hands has yielded satisfactory results. Its aim was 
to prevent the head from leaving the glenoid by the restraining influence 
of a bone block. Briefly, the operation consisted in exposing the front 
of the shoulder by turning back the anterior border of the deltoid, 
splitting the caracoid process in its long axis and detaching the outer 
half with its muscular insertions, and dividing the subscapularis muscle 
and the anterior portion of the capsule. The edges of the capsule and 
the subscapularis muscle were then overlapped and sutured in order 
to reef the relaxed structures. Finally, the detached portion of the 
coracoid was brought up into position and its base fixed by wire to 
the tip of the remaining portion. This resulted in the coracoid process 
being prolonged a distance of about 3 cm., sufficient for it to act as a 
bone block preventing the humeral head from displacing anteriorly. 

32. Kidner, F. C. ; End-Results of E.stra-Articular Fi.vation of Tuberculous 
Hip in Children, J. A. IM. A. 91:1865 (Dec. IS) 1928. 

33. Oudard; Presse med. 36:201 (Feb. 15) 1928. 
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[Ed. Note. — It has been reliabl}' stated that more than 150 different 
operative procedures have been devised for overcoming recurrent dis- 
location of the shoulder. Analysis of these different' operations shows 
that with a few exceptions they fall into three groups: first, those 
dealing with the capsule and employing some method of strengthening 
it such as reefing, overlapping, etc.; second, those dealing with the 
humeral head and employing some adventitious tissue to hold it in place, 
fixation with fascia or tendon or transplantation of muscle, and, third, 
those which deal with the glenoid, aiming to prevent displacement by 
the introduction of a bone block. All of these methods have proved 
effective, and the criterion for selection should be simplicity as well as 
reliability. Fixation of the humeral head by the use of fascia or tendon 
seems to have a considerable advantage in this respect.] 

Tendon Transplantation Technic . — In operations for the trans- 
plantation of tendons, Royle recommended using the transplanted 
tendon as a living suture. He did this by splitting off strips from 
the transplanted tendon, threading them on fascial suture needles and 
weaving them in and out of the paralyzed tendon to which the transplant 
is to be secured. 

FRACTURES 

Fractures of Metatarsals and Phalanges . — Magnuson found from 
his own experience that fractures of the metacarpals and phalanges 
were capable of producing disability far in excess of their apparent 
importance because of their effect on the function of the hand. Unless 
the fracture is properly reduced and the fragments maintained in correct 
alinement, the injury results almost uniformly in stiffness of the fingers 
and constitutes a serious handicap. 

In fractures of the metacarpal bones, it is the pull of the interossei 
that has to be resisted with its tendency to cause a dorsal bowing or 
angulation of the fragments. In fractures of the middle phalanges of 
the fingers, the lumbricales muscles exert an extensor action on the 
distal fragments while the interossei tend to flex the proximal fragment 
causing the forward bowing deformity which presses against the flexor 
tendon of the finger. 

[Ed. Note. — Fractures of the phalanges and metacarpals are serious 
injuries and in our experience, yield a large degree of disability. The 
Jesuits are bad when the fractures are not properly reduced and are 
far from good even when anatomic reposition is obtained. Splinting 
should be reduced to a minimal period and motion started as early as 
possible if the results are to be improved.] 

34. Royle. N. D.: J. Coll. Surgeons, Australasia 1:115 (July) 1928. 
91-T3.t9^'(Ko'*°3)^)998^’’ ^Metacarpals and Phalanges, J. A. M. A. 
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Compression Fractures of the Spinc.~ln a general survey of frac- 
tures of the spine, Osgood «« found that compression fractures repre- 
sent more than 50 per cent and that of these from 70 to 80 per cent 
involved the eleventh and twelfth dorsal or the first and second lumbar 
vertebrae. Most of them resulted from hyperflexion injuries. In 
untreated patients, one encounters the three stages of disability 
described by Kummell: first, the stage of initial injur}'; second, a 
period of comparative well being, and third, development of kyphos 
and pain. As far as diagnosis is concerned, the important thing is to 
suspect such an injury. Discussing the treatment in the different types 
of fracture, Osgood stated that fractures of the sacrum or coccyx 
usually respond to rest; that fractures of a single vertebra do well if 
the patient is treated in the recumbent position for from six to eight 
weeks with the aid of plaster jackets or h 3 'perexlension frames; that 
long standing cases, in which treatment has not been given, with per- 
sistent pain and deformity should be given the benefit of a fusion 
operation, which, however, should be preceded by a course of postural 
and corrective treatment. 

Fractures of the Neck of the Fcninr in Childhood. — From a review 
of the literature, Colonna concluded that fracture of the neck of 
the femur is an unusual injury in childhood. He reported six instances 
of this injury in children, the ages ranging from 5 to 16 3 'ears. The 
fractures were caused by severe violence. The symptoms were less 
severe than in adults, and there was only moderate disability. One 
of the patients was treated for a contusion of the knee for several 
weeks. Five of the fractures involved the cervicotrochanteric region, 
three being incomplete and two complete, and one was situated in the 
narrow portion of the neclc. Five of the six patients were treated by 
a spica with the hip in abduction and one was treated with the hip in 
abduction in a Bryant frame. Three of the patients recovered with 
perfect function; in one, the limb was inch shorter but no limp or 
limitation of motion was present. One, with an incomplete cervico- 
trochanteric fracture, showed m inches shortening and marked limi- 
tation of motion, but was able to get about without any apparatus, and 
the last had 34 inch shortening with slight limitation in abduction. 

DISLOCATIONS 

Apparatus for Reduction of Fracture Dislocations of the Ccndcal 
Spine. King^® described a method of reduction for fracture dis- 

locations of the cervical spine which have proved useful in his hands. 

36. Osgood, R. B.: New England J. Med. 199:861 (Nov. 1) 192S. 

37. CoJonna, P. C.: Ann. Surg. 88:902 (Nov.) 1928. 

3S. King. J. E. 1: Am. J. Surg. 5:507 (Nov.) 1928. 
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A plaster cast was applied encircling the body, and in it was incorporated 
an apparatus consisting of two steel shoulder pieces mounted on which 
were two steel uprights terminating in a cross bar. A halter was 
fitted to the patient’s head, and this in turn was connected with the 
cross bar. By means of a ratchet gear traction was exerted in the 
line of deformity until reduction was accomplished. This apparatus 
was worn for a period of six or eight weeks when a Thomas collar 
was applied. 

Infra- Articular Dislocation of the Patella. — Jones described an 
unusual injury to the patella in a boy, aged 11, following a fall. The 
patella was rotated 90 degrees so that the upper edge was directed 
backward and became wedged in the intercondylar notch of the femur. 
Manipulation under anesthesia failed to reduce the dislocation. At 
operation the knee joint was opened, and the bone forcibly levered 
back into position; it was then necessary only to suture the incision in 
the joint capsule made by the operator. The quadriceps extensor 
insertion had been stripped off the upper and anterior surfaces of the 
bone, but was not ruptured. Seven weeks after the accident, the knee 
joint was normal. Jones stated that fourteen similar cases have been 
described. 

AMPUTATIONS 

An Operation for Making the Forearm Prehensile after the Loss 
of 'a Hand. — ^Henry succeeded in providing a patient whose left fore- 
arm had been amputated at the wrist with a prehensile extremity by 
splitting off a rod of bone from the outer side of the radius and envelop- 
ing this, together with the muscles in contact with it (flexor carpi 
ulnaris, flexor longus pollicis, radial wrist extensors, dorsal tendons of 
the thumb and the brachioradialis) and the radial arter}-, with skin. 
Active pronation of the forearm brought this newly formed digit into 
opposition with a fixed digit, supplied by means of a prosthesis. The 
patient was subsequently able to write with the left forearm. Henri" 
expressed the belief that he could have dispensed with the prosthesis 
if he had partially fractured the ulna and bent it so as to give the 
newly formed digit a living opponent. 

OSSIFICATION OF EXPERIMENTAL FRACTURES 

Ossification After Fractures. — ^Ravdin and Morrison, in a series 
of dogs, fractured the radius by open operation and studied the rate 
of ossification under various experimental conditions. The animals 

f- Percy J.; Brit. J. Surg. 16:338 (Oct.) 1928. 

4 , p K,: Brit. J. Surg. 16:188 (Oct.) 1928. 

Snrrr ^lorrison, M. E.: Ossification After Fracture. Arch, 

i’lirg. 17:813 (Nov.) 1928. 
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were divided into four groups: those in the first group were given 
20 cc. of cod liver oil daily ; those in the second group were given 
parath3'roid extract Collip to raise the serum calcium level ; those in 
the third group were subjected to thyroparathyroidectomy to lower 
the scrum calcium level of the blood, and the animals in the fourth 
group were used as controls. 

From their study of the results, they were inclined to minimize the 
effect on normal hone of a deficient inorganic phosphorus and calcium 
serum content. Union occurred in every instance with the exception of 
two hypocalcemic animals which did not live long enough for ossification 
to occur. 

EFFECT ON THEIR FUNCTION ,OF STRETCHING NERVE TRUNKS 

Tests on Sciatic Nerves. — Bj' appl3'ing various amounts of tension 
to the sciatic nerve of a cat. Forbes demonstrated that the power of 
conduction of an impulse is much impaired. Even the slight amount 
of tension necessar3' to dissect out the nerve is sufficient to affect its 
power of conduction considerabh'. Tension applied to a frog's nerve, 
however, has much less effect than in the mammal. The mammalian 
nerve undergoes a recovery period after stretching ; presumably a nerve 
with intact blood suppl3' would recover much more rapidly. 


42. Forbes, k.-. New England J. Med, 199:555 (Sept. 20) 1928 
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CORRELATIONS OF INTERNAL AND EXTERNAL 
PANCREATIC SECRETION 

I. GEKERAL CONSIDERATIONS AND REVIEW OF THE LITERATURE * 

G. DF- TAKATS, M.D.t 

CHICAGO 

Tlie relationship of the various stnictnraJ elements of the pancreas 
has intrigued many investigators. Lagiiesse ' evolved a remarkable 
theory of “balancement,” maintaining that acini are continuously 
transforming into islands and that these two structures hold each other 
in a balance according to functional needs. A large series of experi- 
ments was conducted after the discovery of tiie islands to see what 
would happen to the islands when the external secretion was obstructed. 
The literature up to 1909 is summarized in Moldenhauer’s inaugural 
dissertation;'^ the more recent studies have been discussed critically in 
Herxheimer’s monograph." One group of investigators firmly believes 
in a limiting membrane and a complete independence of the islands from 
the rest of the pancreas. A large number of investigators claim pos- 
sible transitions of acini into insular epithelium. Another small but 
authoritative group of investigators concedes the proliferation and 
transformation of duct epithelium into islands when the duct no longer 
excretes.'* 

A study of the development of the islands led to the uniform result 
that the islands originate in small buds of the duct epithelium and can 
be recognized as early as in the embryo ** of 80 mm. Here again, how- 

* Submitted for publication, April 29, 1929. 

* From the Departments of Surgery and Physiology, X*orthwestern University 
Medical School. 

I Elizabeth Ward Fellow in Surgery. 

1. Laguesse, F. ; Prciives e.vperimenfales du baianceinent dans ies iiots endo- 
crinologies dll pigeon, Compt. rend. Soc. de biol. 67:94, 1909; Preuves experimen- 
tales du balancement dans Ics iiots endocrinologies du pancreas, J. de physiol, et de 
path. gen. 13:1, 1911. 

2. Moldcnhatier, Johannes; Ueber das Verhalten dcs Pancreas, insbesondere 
ler Langcriianschen Zcllinsctn nach Gangunterbindungen, Inaug Diss., University 
of Bern, Wiesbaden, R. Bcehtold & Company, 1909. 

3. Hcr.xheimer, G. : Pankreas, in Hirsch, M.; Handhuch dcr inneren Secre- 
tion, Leipzig, Curt Kabitzsch, 1927, vol. 1. 

4 Otani, Sndao : Studies on the Islands of Langerhans in Ifuuian Pancreas. 

Path. 3:1 and 123, 1927. 

5. M cichselbauni, S., and Ryrie: Ueber das Verhalten der Langerhans 
useu les nicnschlichen Pankreas iin fotaleii und postfotalen Leb^n, Arch f 
uukr. .'\nat. 74:223, 1909. ^ i- 
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ever, some authors deny any relationship between glandular parench^ana 
and islands « whereas another group claims direct transitions from acini 
to islet tissue/ 

The comparatively large amount of islet tissue in the fetal pancreas 
has been emphasized by two recent ex'haustive studies of the embryology 
of the islands/ The maximal number occurs between the twenty-sixdi 
and the thirty-second week. The number of islands then slovvly 
diminishes up to birth, rapidly during the first postfetal year, and then 
again more slowly to the fourth year, after which their number remains 
fairly constant. 

The observations on the pancreas of congenitally syphilitic children 
are interesting. The great increase in interstitial connective tissue pro- 
hibits the development of the glandular element, and a large number of 
small ducts and islands are visible. The appearance of the pancreas of 
a syphilitic new-born infant corresponds to a stage seen normally around 
from the seventeenth to the eighteenth week.“ 

The observations in pathologic processes of the pancreas, ivhen a 
gradual obstruction of the external secretion has taken place, would 
indicate that not infrequently hypertrophy and hyperplasia of the 
islands occurred. In Koch’s case a marked increase of islands was 
found in spite of the fact that the entire gland had turned into an 
infiltrating scirrhus. That changes in sugar tolerance are frequently 
absent in carcinoma of the pancreas and chronic pancreatitis is generally 
admitted.^' 

In experimental ligation of the duct in the fetal pancreas in pan- 
creatic cirrhosis and in carcinoma of the head of the pancreas there is 
one common feature : namely, the gland does not function as a gland of 
external secretion. The question arises whether or not the reversion 
of the gland to a stage of inner secretion alone might cause a pre- 
ponderance of this part of the glandular function. Mansfeld pointed 


6. Nakamura, Nobii : Untersucliungen ueber das Pankreas bei Foten, Neugc- 
horenen, Kmiern iwd m PiibertHtsalter, Virchows Arch. f. path. Anat. 253:286, 
1924. 

7. Seyfartb, F. : Neug Beitrage zur Kenntnis der Laiigcrhansschen Inseln im 
mensclilichen Pankreas, Jena, Gustav Fischer, 1920. 

8. Nakamura (footnote 6). Soyfarth (footnote 7). 

9. Herxheimer (footnote 3). Seyfartb (footnote 7). 

10. ICocIi, F : Ein Adenom aus Inselzellen im Pankreas eincs Nichtdiabctikers, 

Virchows Arch. f. path. Anat. 216:25, 1914. 

11. Gross, O., and Guleke, N,: Die Erkrankungen des Pankreas, Berlin, Julius 

Springer, 1924. . , 

12. Mansfeld. G., and Szirtes, L.: Ueber die Beziehungen 

und inneren Secretion der Driisen, .^rch. f. exper. Path, u. Pbarmakol. 130.1 and 
28, 1928. 
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out that possibly analogous conditions occur in the testis when the vas 
is ligated and in the parotid when Stenson’s duct is tied. The thyroid 
gland possesses a duct at one time during development. The thyroid in 
the tunicates and in the amphioxus secretes a sticky material. In the 
higher vertebrates the internal secretion develops seemingly at the 
expense of the external secretion. 

There is one condition that might possibly stimulate inner secretion 
of the pancreas, namely, the increased functional demand for such a 



.secretion. Ihe islands do become larger in partially pancreatectomized 
animals, “ and the pancreas of the diabetic person shows adequate proof 
of compensatory attempts.^ 

This study ivas undertaken for the purpose of examining the effect 
of isolation of the tail of the pancreas on its insular activit}'. While 
the external secretion could flow undisturbed into the duodenum, the 
tail uould be converted into a ductless gland. Such a procedure was 

13. ,Mlcn, F. M.; Glycosuria and Diabetes, Boston, W. M. Leonard, 1913. 
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suggested by Mansfeld,’"' who claimed an increase in sugar tolerance 
following such a procedure in the dog, lasting as long as three )'ears. 
Alpern and Leites confirmed his results in a sliort preliininar\- report. 
Nather, Priesel and Wagner, who first confirmed Mansfeld’s results, 
reported in a second paper that the increased tolerance is only temporary. 
Wohlgemuth found a decreased sugar tolerance following ligations of 
the duct and believed it to be the result of a chronic sympatheticotonia 
with increased response to epinephrine. 

This work was undertaken to study the histologic changes in 'the 
pancreas following the separation of the tail from the rest of the gland. 
In a second paper, the changes in sugar tolerance will be discussed, 
while other papers will deal with associated effects produced by partial 
pancreatic obstruction. 

14. Mansfeld, G. : Versuche zu eincr chirurgischen Behandlang des Diabeles, 
Klin. Wchnsclir. 3:2378. 1924; Versuche zu einer operativcn Behandtung des 
Diabetes, ibid. G:I0S, 1927; footnote 12. 

15. Alpern, D., and Leites, S. : Ueber den Einfiuss der Unterbindung des 
ductus pankreaticus auf den Blutzucker, Klin. Wchnsclir. 4:ISS1, 1925. 

16. Nather, K. ; Priesel, R., and Wagner, R. : Die Beeinflussung der Blut- 
zuckerspiegels durch Unterbindung der Ausfiihriingsgange der Baiiclispeichel- 
driise beim Hund, Klin. Wchnsclir. S:932, 1926; ibid. 6:2089, 1927. 

17. Wohlgemuth, Julius, and Mochizuki, N. : Ueber das Verhaiten des Blut- 
zuckers beim Kaninclien unter vorschiedenen Bedingungen und ueber seine Ver- 
telung iffl Blut, Biochem. Ztschr. 150:123, 1929. Wohlgemuth, J., and^Seo, I.. 
Ueber experimentelie Erzeugung von clironischer Sympaticotonie beim Kaninchen, 
Biochem. Ztschr. 164:271, 1925. 
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PANCREATIC SECRETION 

II. THE HISTOLOGIC CHANGES IN THE ISOL.A.TED TAIL OF THE 

PANCREAS * 


G. DE TAKATS, M.D.t 

CHICAGO 


The purpose in this study was to examine the three main structural 
elements of the pancreas — acini, ducts and islands — after a part of this 
gland had been excluded from external secretion. It must be empha- 
sized that this procedure is not identical with ligation of the duct, which 
method has been used to a great extent experimentally.^ The exclusion 
of pancreatic juice from the intestines results in serious nutritional dis- 
turbances and may influence the inner secretion of the pancreas. Liga- 
tion of the tail of the pancreas, as suggested by Mansfeld,- leaves a 
sufficient part of the gland to secrete ferments and turns only ductless 
that part of the gland which is known to contain comparative!}’’ more 
islet tissue. * 

Recent studies by Ukai,® Herxheimer and Carpenter ^ and Jorns ® 
uniformly state that a sclerosis of the pancreas takes place following 
ligation of the duct. The islands, however, resist this process, and may 
even increase in size. They even survive transplantation ^ for a long 
time. Special stains have been employed by some workers to identify 
the remaining structures as islet tissue." A systematic examination of 


* Submitted for publication, April 29, 1929. 

t Elizabeth Ward Fellow in Surgery. 
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t])e separated tail at \'ariotis intervals to study the degenerative and 
regenerative processes of the pancreas was undertaken to serve as a 
oasis for further studies. 

SIETHOD OF EXPEKZMEKTATION 

Healthy dogs ^veighing from 10 to IS Kg. were used. The operation was per- 
ormed with the animals under ether anesthesia after a preliminary injection of 
morphine, V 4 grain (16 mg.), and atropine, ifo grain (1 mg,). Through a small 
midhne incision the inde.\- finger of the left hand palpated the pylorus and 
delivered the mobile duodenum into the wound. This brought the pancreas into 
the field. At the point where the tail of the pancreas borders the fi.ved part of the 
gland, a massive ligature ivas thrown around the gland. In later experiments the 
gland was cut between the two ligatures, or simply cut and the individual bleeders 
tied. In the last six cases the gland was cut with the electric cautery.’ 
This made the use of a ligature unnecessary. The absence of foreign material, 
thereby lessening the tissue reaction around the ligatures, was thought to be of 
some importance. 

Sections were taken for histologic study at various intervals from the isolated 
and undisturbed portion of the gland. Ten of tlie twenty-five dogs used in this 
series lived a year or longer, whereas eighteen could be observed for at least six 
montlis. They were on the standard diet, and lost weight during the first few 
weeks, but maintained their weight later and seemed in good condition. Occasional 
blood counts revealed no kennel anemia. The removed specimens were fi.xed in a 
diluted solution of formaldehyde, U. S. P. (10:1) and stained with hematoxylin 
and eosin. Later, the neutral formol-Zcnker fixation was used, and Bensley's 
special stains were employed. 

SUJrJfARV OF IIXSTOLOGIC OBSERVATIONS 

Two days following separation of the tail, the dominating impres- 
sion was that of edema. The tail was soft and friable and was markedly 
swollen. The small ducts were dilated, and the acini were markedly 
distended yvith stagnant secretion. Their epithelium was flattened. The 
nuclei did not stain well, were irregular and had a hazy contour. The 
islands seemed swollen, but generally were intact (three specimens). 

Two weeks following separation of the tail, the tail looked anemic 
and grayish white. Its consistency was hard and nodular, similar to that 
found in chronic pancreatitis of man. Under the microscope, the indi- 
vidual lobules were compressed and separated from each other by a 
moderate increase of connective tissue. This concentric, intralobular 
fibrosis caused the remaining parenchyma to stand out clearly. The acini 
still maintained their form, but the individual cells had partly undergone 
degeneration. The protoplasm consisted of numerous vacuoles; the 
nucleus was fragmented and pyknotic. The zymogen granules stained 
poorly. The small ducts were dilated ; their epithelium showed infolding 

8 Prof W T Bovie and his staff of the department of biophysics have given 
their utmost cooperation. Dr. Bovm's newest model of high frequency apparatus 
was used (Surg. Gynec. Obst. 47:/Sl, 1928). 
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at certain places. There was marked mitotic activit3^ The islands 
seemed well preserved and showed no evidence of degeneration. In the 
sclerotic gland with compressed acini, they stood out clearly. There was 
no evidence of any activity on their part (three specimens) (fig. 2). 

Four weeks following separation of the tail, the tail was even more 
sclerotic. It had turned into a whitish, narrow cord. Its consistency 
was hard and granular. There was more connective tissue than in the 
previous specimen, and not only interlobular but intralobular strands of 
fibrous tissue were seen. An increase in fatty tissue could also be 
observed. The acini were hardly recognizable, except as irregular masses 



1. Two weeks following ligation of the tail. There is a moderate amount 
of perilobular sclerosis. The edema is most marked in the connective septums, 
but the islands are also swollen ; low po'ver. 


of detritus into which connective tissue proliferated. The ducts were 
not dilated markedly; their wail was thick. Mitotic activity and occa- 
sional buds and infolding of the epithelium could be observed frequentl}'. 
The islands did not seem increased in size or number. They stained well, 
)Ut showed a certain diffuse hjfaline-like structure in their center. There 
was no mitotic activity (two specimens) (fig. 2). 

Six weeks following the separation, the tail rvas completely cirrhotic, 
nder the microscope, a dense connective tissue had taken the place of 
the obnles. Acinar structures could not be recognized. There was a 
marwc proliferation of the minute ducts, which spread lengthwise and 
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crosswise over ti^e fieid. Their cpitheHmi was in a stage of mitotic 

cou d be found. The islands were still preserved, but were not rnr- 
ticularly large or numerous except in one specimeti, in which they stood 

out .n large numbers. They did not show mitotic activitv (three slcb 
mens) (%s. 3 and 4). . sj>eci 

After twelve weeks, the microscopic appearance of the ligated tail 
was that of a wh,tish-gray firm cord. Histologically, the lobules had 
been compressed to small irregular structures. The connective tissue 
had proliferated into these lobules. The larger ducts were dilated but 



Fig. 2. — Four weeks following ligation There is a marked increase of con- 
nective' tissue, not only around but in the lobules. The acini are shrunken, and 
their ceil nuclei are pyknotic. The islands are well preserved and fairly numerous; 
loiv power. 


a few minute ducts were tdsible. The islands were numerous, and were 
not only well preserved, but larger in diameter. They showed mitotic 
activity. On one slide, in which the tail had been separated by the high 
frequency current, there was much less fibrosis, and the acinar structure 
was well preserved. The islands were numerous on the slide, and the 
number of capillaries around the islands was striking. This whole slide 
was characterized a lack of fibrosis, but a large number of dilated 
capillaries was seen. The epithelium of the ducts was columnar with 
frequent mitoses and infolding. There was a mass of desquainniated 
epithelium in the lumen (figs. 5 and 6). 
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Fiff. 6.— Same section as in figure S, under high magnification, sJiowing a well 
preserved island of considerable size. Below it is connected with anot er 
island which is probably the same island but hardly connected at the level of the 
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After sixteen weeks, the diffuse sclerosis with small remnants of 
acini dominated the field. The vessels had thick walls but were patent. 
The small ducts were numerous, and a large number of minute ducts was 
visible. Large masses of accumulated cells stood out in the connective 
tissue. Some of them were miliary abscesses. Others showed con- 
glomerations of histiocytes and macrophages. There were epithelial cells 
with large light protoplasm which had the usual appearance of islet 
tissue. They were identified as such with special stains. These islets 
had a diameter of from three to thirty times the normal. In many 



big:. 7. — Sixteen weeks following ligation of the tail; there is complete absence 
of acini, and thickened but patent vessels. An intact ganglion is shown, and a 
large island appears in the left upper quadrant of the picture. There is no fibrosis 
within the island. 

instances, they were grouped around a small duct with thickened walls 
{%• 7). 

After twenty-four weeks, no acinar elements could be detected in 
the sclerotic mass. Islet tissue was well preserved with ty'pical capillary 
arrangement. Ihe connective tissue was arranged in a wavy, circular 
configuration around the islands. In some places the solid epithelial 
masse.s seemed to be broken up by fibroblasts, aud individual cells were 
t-isible. These nuclei seemed shrunken, and pyknotic (figs. S and 9). 
.\ transplant of a portion ligated twelve months previously had been 
made into the omentum. In the omental fat a large number of ducts 




Fig. 8 — Twenty-four weeks following ligation; there a’-e a number of small 
newly regeneiated ducts, similar to the regeneration of bile ducts in cirrhosis of 
the liver. There are remnants of lobules seen in the periphery of the picture 
There are small areas of round cell infiltrations, plasma cells and histiocytes as a 
result of minute focal necroses. 
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with thick walls and high and frequently infolding epithelium were 
seen. Large structures of dendritic design, with light protoplasm and 
sharply staining nuclei were the only other cellular elements in the 
slides. These solid strands sometimes rvere drawn out to narrow cords. 
In other places, they formed round or oval structures with a lumen in 
the middle, as if they originated in ducts. Occasionally a small duct was 
found in the middle of these islands, with infolding epithelium. The 
transplant was well vascularized, a number of thick vessels surrounding 
the cellular elements in the omental fat. The sympathetic ganglions 


Sitinmary of Histologic Observations FoUoiving Isolation of the Tail of the. 
Pancreas, with Four Additional Transplants into the Omentum 


Postoncratire Number of 


Islets 

Ganglions 

Connective 

Period, Days Specimens 

; Acini 

Duets 

Tissue 

2 3 

Distended 

Dilated 

Edematous 

Edematous 

General 

n 3 

Preserved 

Epithelium 

active 

WeU pre- 
scrvcfl 

Vrell pre- 
served 

Perilobular 

fibrosis 

23 2 

Poorly 

staining 

Walls tliieX; 

infolding 

epithelium 

Well pre- 
served 

Wen pre- 
served 

Perilobular 
and intralob- 
ular fibrosis 

43 3 

Detritus 

Desquam- 

ating 

epithelium 

Numerous 
mitoses; 
well preserved 

Well pre- 
served 

Dense 

fibrosis 

81 3 

No acinar 
structure 

Dilated; 
feu minute 
ducts 

Numerous; 

largo 

diameters 

Well pre- 
served 

Very little 
fibrosis in 
the cauter- 
ized specimen 

112 2 

No acini 
plasma cells; 
lilstiocytes 

Numerous 
minute 
duets; buds 

Large; 

mitoses 

Well pre- 
served 

Very dense 
fibrosis 

ICS 2 

No acini 

Ducts less 
numerous 

Partly In- 
vaded by 
fibrosis 

Well pre- 
served 

Intense 

sclerosis 

^0 2 

Xo acini; 

Jnt 

Occasional 

ducts 

Well pre- 
served 

Well pre- 
served 

Intense 

sclerosis 

300 1 

Pat 

Occasional 

ducts 

Well pre- 
served ; 
vascular 

Well pre- 
served 

Intense 

sclerosis 

SGOdays; 4 

100 days In omentum 

Fat 

Small ducts 

Numerous 

Well pre- 
servea 

Intense 

sclerosis 


were also \Yell preserved. The number of ducts was markedly decreased 
in contrast with slides from transplants of less duration. When they 
were seen, their epithelium was active, showed a number of mitoses and 
was cuboid or cylindric (figs. 10 and 11). 

Five such transplants remained in the omentum for six months or 
more. They all showed the same picture. The longest time was 450 
days, the shortest, 150. Briefly, they were all characterized by a com- 
plete absence of zymogenic cells and b}-- a dense fibrous tissue, in which 
only two elements survived — small ducts and solid masses of large 
cells which stained like islets. The capillar}'' arrangement around such 
masses was also similar, if not identical, to that around the normal islets. 
1 he diameter of these solid cell complexes was from ten to thirt}' times 
that of the islets in the dog. Other cell complexes of mesoblastic origin, 
as de.scribed in previous slides, were also encountered (see table). 



Fig. 10. Ligated tail of the pancreas grafted into omentum. The tail was 
separated one j-ear before; it had been grafted in the omentum for three months. 
There is evidence of a good blood supply; a firm sclerotic mass was embedded in 
omental fat. 



Fig. 11 . — Same section as in figure 10, under iiigii niugr.n.c. 
solid cell comple.ves surrounded by connective tissue, which may be identi le wit i 
special stains as islands. Other groups of cclis arc seen, which consist o «s lo 
cj'te.s and plasma cells, indicating the reaction of the omentum to the gra t. i o 
acini or ducts are seen. 
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OTHER OBSERVATIONS RELATING TO THE OPERATIVE PROCEPURE 

The separation of the tail was first accomplished by throwing a wide 
tape around the body of the pancreas; also heavy linen ligatures and 
strips from the anterior rectus sheaths were used. When the abdomen 
was reopened at frequent intervals for obtaining histologic specimens, it 
was found that these ligatures would cause a marked inflammatory reac- 
tion with the outpouring of an exudate which in later laparotomies had 
organized into dense adhesions. In operations, when a ligature had been 
thrown around both head and tail for other purposes,® the right lobe of 
the liver was invariabl}' sealed down to the duodenum and could be 
separated only with some difficult}'. There was no evidence of fat 
necrosis, for which careful search was made. Fat neci'osis, however, 
was encountered when extensive charring of the pancreas was produced 
with the electric cautery. 

It was also found that in spite of the marked fibrosis and foreign 
body reaction that occurred around such ligatures a reestablishment of 
continuity between the body and tail was not impossible, as in two dogs 
the acinar structures were well preserved and the ducts undilated three 
months after the operation.'" After this experience, the pancreas was 
doubly ligated and cut between two ligatures. The edema and exudation 
were just as marked as before, but I never encountered necrosis of the 
pancreas. As a matter of fact, it has been shown " that the pancreas 
may be simply severed and after ligation of the bleeding points be per- 
mitted to drain into the abdominal cavity without the appearance of 
necrosis in the pancreas. 

Tlie next modification was the use of Dr. Bovie’s electric cautery. 
There was no need of ligatures either of the body or of the tail, and 
bleeders did not have to be tied. There was, however, a thin layer of 
desiccated tissue on either side of the cautery incision. At relaparotomy 
six weeks later, I found that the body and tail had been drawn together, 
and the original cautery incision could not be recognized without diffi- 
culty. Tin's led me to interpose omentum between the two separated 
surfaces. This piece of omentum, which was wrapped around the sepa- 
rated tail, was examined histologically in six instances with regard to fat 
necrosis. In no case was it foimd. 

1 he separation of the tail with the cautery, followed bv wrapping it 
with omentum, was the technic finally adopted. In order to find out if 
the well vascularized omentum around the tail would hasten the absorp- 
tion of cellular elements, free transplants of such tails that had been 
'•ejiarated six months previou.sly were made into the omentum and left 

9. Dc 'l.akats. G., and Xatlianson, 1, T.: The Effect of Ligation of the Tail 
of Hie Paiicre.ax on Blood Diastase. Arch. Surg., this issue, p. 788. 

HI the vee--tahlishuicnt of continuity is not undesirable, as it seems to lessen 
le I eerie of sclerosis;. This c]uest)on will be discussed in a later communication. 

Crniid.a!!, L, : Pcr.sonal comniunicafion to the author. 
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for three mondis. A section of such a transplant showed enormous 
islands with mitoses, all signs of sufficient circulation without any evi- 
dence that these structures were being absorbed. Ukai = saw islet tissue 
transplanted into the spleen after 450 days. 


COMMENT 

Fiotn the histologic studies it would appear that the separation of 
the tail of the pancreas from the rest of the gland results in a gradual 
disappearance of the acinar structures, replaced by fibrosis. There is no 
sudden necrosis ‘en masse” as would occur if the circulation was 
obstructed. It is possible, however, that circumscribed necrotic areas 
may result from acute or chronic pancreatic retention, as emphasized by 
Balo and Ballon.’- The obstruction to the excretion of pancreatic juice 
must result in a greater intraductal pressure than the secretory pressure 
can overcome. The studies of Eensley have particularly emphasized 
that duct epithelium soon starts to proliferate, becomes columnar and 
shows infolding. I have found this in my slides. The islands do not show 
any change at first aside from an initial edema, but from the sixth week 
on there is evidence of proliferation in the islet cells, and more new 
islands are seen. Whether these islands originate in the persisting 
islands, from scattered islet cells in acini, from acinar cells or from the 
proliferating duct cells, is not niy purpose to study. All I can state is 
that I am confronted with large ceil complexes, which show the vascular 
arrangements and staining properties of islet tissue. Such cell groups do 
not seem to degenerate, even if transplanted into omentum. The 
intensity of seJerosis is probably variable in different species; it is much 
less marked in the guinea-pig or in the rabbit.” A histologic study can- 
not give any information as to whether these cell complexes are func- 
tionally identical with islet tissue or whether their nervous control and 
ph)'^siologic response to stimuli are the same. Further work is necessary 
to study this question. 

SUMMARY 

1. The splenic portion of the pancreas was isolated from the rest 
of the gland in twenty-five dogs. The division with an electric cautery 
followed by wrapping omentum around the tail seemed the most satis- 
factory procedure. 

2. Specimens were taken from the isolated tail at intervals of from 
two days to one year. After a short period of edema, a gradual destruc- 
tion of the acinar elements takes place. There is an increasing amount 

12. Balo. J.. and Ballon, H. C.; Effects of Retention of Pancreatic Secretion. 
Surg. Gynec. Obst. 48:1 (Jan.) 1929. 

13. Bensley, R. R. : Studies on the Pancreas of the Guinea Pig, Am. J. Anat. 
12:297, 1911. 

14. Bensle.v, R. R.: Personal communication to the author. 
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of connective tissue, first around and then within the lobules, and this 
finally results in pancreatic cirrhosis. The ducts are first dilated, then 
show proliferation and infolding of their epithelium ; occasionally buds 
of epithelium form, resembling an earh' stage of embryonic development. 
A number of minute ducts also appear. The islands show edema for 
the first two weeks. Later there appear large solid cell complexes show- 
ing the vascular arrangement and staining properties of islet tissue. 
Fibroblasts may invade and break up the islets as the cirrhosis progresses. 

3. Such an isolated tail does not tend to degenerate and undergo 
absorption for at least three months, if a free transplant of it is made 
into the omentum. 



CORRELATIONS OF INTERNAL AND EXTERNAL 
PANCREATIC SECRETION 

m. THE EFFECT OF LIGATION OF THE TAIL OF THE PANCREAS 
ON DIASTASE IN THE BLOOD* 

G. DE TAKATS, M.D.t 

AND 

I. T. NATHANSON, B.S, 

CHICAGO 

In previous communications/ I have described the histologic effects 
pi odnced by separating the tail of the pancreas from the rest of the body. 
It has been known since the work of Wohlgemuth,- confirmed by 
Noguchi ^ and by Gould and Carlson,’ that the diastase in the blood rises 
for a short time following ligation of the duct. Our histologic studies 
have shown the presence of marked edema of the separated tail for the 
first two weeks, later followed by' a gradual atrophy of the glands of 
e-xternai secretion. In this series of experiments we have attempted to 
correlate our morphologic observations with values for diastase in the 
blood. 

The purpose of this study was to establish with a simple test whether 
ligation of the tail would cause an increased absorption of pancreatic 
diastase. It was undertaken to establish the duration of the pancreatitis 
following ligation of the tail. As clinical experience has repeatedly 
shown, acute pancreatitis will cause a marked rise in diastase in the 
blood. In ninety'-seven cases of acute necrosis of the pancreas collected 
by Schmieden and Sebening,“ seventy-eight cases (80 per cent) showed 
abnormally high figures. At the fifty'-first German Surgical Congress,® 

* Submitted for publication, April 29, 1929. 

* From the Departments of Surgery and Pliysiology, Nortlnvestern University 
Medical School. 

t Elizabeth Ward Fellow in Surgery. 

1. De Talcats, G.; Correlations of Internal and External Pancreatic Secretion; 

I. General Considerations and Review of the Literature, Arch. Surg., this issue, 
p. 771; Correlations of External and Internal Secretion: If. The Histologic 
Changes in the Isolated Tail of the Pancreas, ibid., p. 775. 

2. Wohlgemuth, J.: Das Vcrbalfen der Diastase im Bint, Biochem. Ztschr. 
21:381, 1909. 

3. Noguchi, Y.; Ueber die Fermentdiagnose bei Pancreasvcrktzung. Arch. 

f. klin. Chir. 98:545 (May 21) 1912. , 

4. Gould, C. K, and Carlson, A. J. ; Further Studies on the Relation of the 
Pancreas to the Serum and Lymph Diastase, Am. J. Physiol. 29:165, 1911. 

5. Schmieden, V., and Sebening, W. : Chirurgie des Pancreas, Arch f. Win. 

Chir. 148:319 (Oct. 27) 1927. , . , r i.r 

6. Discussion on paper of Schmieden, V., and Sebening. M . : Arch. . m. 

Chir. 148:67 (Oct. 27) 1927. 
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Guleke, Unger and Heuss and von Redwitz emphasized the value o£ 
determinations for diastase in the blood or the urine. While it is 
recognized that determinations for lipase in the blood are a more sen.'i- 
tive index of pancreatic absorption," the simplicity and ease with which 
diastase can be determined in the blood made this test preferable. 
It can be carried out in about forty minutes and is therefore useful in 
emergencies. 

METHODS OF EXPERIMENTATION 

Xormal licaUliy dogs were used in the first control series. After the injection 
of morpliine, lA grain (0.02 Gm.), and atropine, %(i grain (0.001 Gm.), ether 
anesthesia was induced. The abdomen was opened with a short midline incision 
starting just below the xyphoid process. The duodenum was pulled forward two 
or three times. In other words, all the factors that are present outside of pan- 
creatic ligation and that might have influenced our values were introduced. The 
duodenum was then replaced in the abdominal cavity. In a scries of five dogs 
the values for diastase were taken every second day before, and a week after, 
the operation. 

Determinations for diastase were made according to the original method of 
Wohlgemuth, as described by Unger and Heuss.® For the lest the following 
materials were necessary : 

2 cc. of blood serum (or urine) 2 pipets 

1 per cent solution of sodium chloride 10 test tubes 

1 per cent soluble starch 
Infticth-normal iodine solution 

About 10 cc. of blood is taken from the vein in a centrifuge tube, allowed to 
clot and separation of the serum permitted. One cubic centimeter of serum is 
pipetted into the first and second tubes. One cubic centimeter of 1 per cent 
solution of sodium chloride is pipetted into every tube. After the proper mi.xing 
of the serum and sodium chloride in tube 2, 1 cc. is again pipetted into tube 3. 
Merc again after the proper mi.\ing I cc. is pipetted over to tube 4, and so on up 
to the tenth tube, when the last cubic centimeter pipetted out of the tenth tube 
is discarded. To every tube 2 cc. of the soluble starch solution is then added, 
well mixed, and the whole system of tubes incubated in a thermostat at 38 C. 
for thirty mimitcs. .'\t the end of that time, the fermentation is abruptly stopped 
by immersion of the tubes in cold water for a few minutes. Three drops of 
fiftieth-normal iodine solution arc added to each tube. The undigested amylo- 
dextrin gives a blue reaction, the erythrodextrin, red and the achrodextrin, yellow. 
The end-point is read at the tube which shows the first trace of purple without 
being a solid blue. The quantity of ferment is calculated by raising the amount 
of st.irch (2 cc.) to the power which is indicated by the number of that test tube 
« itch is the last not to turn blue. For instance, if the end-point is at the fourth 
tube, D_2'=ld~ . indicating at the same time the temperature and duration 
of incuhation. The NVohlgcnnith unit, then, is the anioimt of diastase which will 
< igcst 1 cc. of 0.1 per cent of starch solution in thirty minutes at a temperature of 

/■ Grassberger, A.: Diastase und Lipase Werte im Blut bci operativ gcsclzten 
1 ;mkreasYcrlet?imgtn. Mill. a. d. Grciugch. d. Med. u. Chir. 41:1, 1928. 

-/ ’ n ' k = Friiluliagnosc dcr akuten Pankreasnekrose 

Antralbl. t, Chir. 53:1500, 1920. 
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38 C. The diastasic values in the blood of the dog, D = vary between 160 and 
320. Our normal figures taken in more than fifty individual determinations van- 
between 32 and 64, with an occasional reading of 96 following an incubation period 
of thirty minutes. 

Following the exploratory laparotomy, determinations for diastase were made 
on the second, fourth, sixth, eighth and tenth days. We found that food, at least 
the food which the dogs are fed in the laboratory, does not influence values for 
diastase. Blood did not have to be taken then on the fasting animal. 

In a second series of e.xperiments, the tail of the pancreas was ligated as 
described in a previous communication,’ and determinations for diastase were 
made every second day for two weeks. 

In a third series of experiments, not only the tail but the head of the pancreas 
was ligated with a double silk ligature. Thus, only about the size of a quarter 



Chart 1. — Diastasic values in the blood following an e-xploratory laparotomy 
with the animal under ether anesthesia, with the preliminary medication of mor- 
phine and atropine. The duodenum was pulled forward and the pancreas lightly 
grasped. The maximum rise is 128, average rise, 96. Numbers 1, 2, 3, 4 and 5 
indicate the five dogs used in this control series. 
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Chart 2.— Diastasic values in the blood following ligation of the fail of the 
pancreas. There is a small initial rise, comparable to that of the first chart in 
dogs used as controls, but more protracted, and a sharp secondary rise between 
the sixth and eighth days. The peak in this series is reached on the tenth da.v. 
after which there is a sharp drop. 

remained around the main duct for the purposes of external secrcUon, while the 
rest of the gland was barred from secreting into the duodenum. Thus a maxi- 
mum amount of ferment absorption could be expected without the cbmmation 
entirely of the secretion into the duodenum. 

UESULTS 

Following an exploratory laparotomy with the animals under ether 
anesthesia, with preliminary medication of morphine and atropine, there 


9. De Takats (footnote 1, second reference). 
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was no appreciable rise in diastase in the blood. The maximum rise on 
the second day was D —^=128, the average rise, 96 (chart 1). The 
ligation or isolation of the tail of the pancreas resulted in a small but 
definite initial rise, followed by- a second marked rise beginning between 
the sixth and eighth days. The dia.stase in the blood rose to 1,024 and 
1,536 (chart 2). In a third series, in which both the head and the tail 
were ligated, sharp immediate rises were observed up to 3,072. About 
the tenth day, the values came down to normal and remained so 
(chart 3). 

Chart 4 shows the average values of the three series of experiments 
on a total of fifteen dogs. 







Chart 3. — Diastasic values in the blood following ligation of both head and 
tail of the pancreas. There is a sharp early rise, and a sudden drop on the tenth 
to twelfth days, after which the diastase does not rise. 


COMMENT 

Values for diastase in the blood of the normal dog seemed fairly 
constant and varied from 32 to 64 with the technic described. Food or 
an exploratory laparotomy did not influence these values to any extent. 
The ligation of the tail of the pancreas resulted in a small initial rise 
followed by a large secondary rise in the diastase in the blood. Such a 
secondary rise was described after ligation of the pancreatic duct by 
Gould and Carlson, They expressed the belief that the second rise 
occtined when the xymogenic cells recuperated from the edema which 
follow cd the operation. In our histologic studies, edema w'as the domi- 
nating picture observed immediately following ligation. As it subsides 
aiouud the tenth day followfing operation, the coincidence of such his- 
^ ogic observations with the rise in diastase in the blood is striking. 

1 C aniomxt of gland tied off at the operation seems to influence the 
( lastasic \ nines. In the third series, in wln'ch both the head and the tail 
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were ligated, the diastase rose to enormous values soon after operation. 
No secondar)’ rise was noted, however, as if by that time there was no 
further excietion of diastase. At all events, this determination seems to 
be a sensitive index of acute pancreatic obstruction. That it gives only 
increased values in acute conditions has often been emphasized clinically. 
This is easily understood if we consider that the acini, the excreting 
ducts of which are obstructed, undergo degeneration as reported in our 
histologic study. The fact that the high diastasic values following 
glandular ligation return to normal within two weeks might be inter- 
preted in a way that acinar elements in the ligated portion have ceased 
to excrete. This question is now under investigation with another 
method of approach. The formation of a pancreatic fistula from the 



ligation of the tail is more protracted than in the control animals. The secondary 
rise in dogs with ligation of the tail shows its peak when the enormous rise 
following ligation of the head and tail has almost subsided (tenth day). A shows 
the average curve for the dogs used as controls ; E, that for dogs on which 
ligation of the tail was done, and C, that for dogs on which ligation of both the 
head and the tail was done. 


isolated tail is not probable, if the obstruction can be maintained for 
two weeks. 

The original test of Wohlgemuth is simple and rapid and can he 
carried out without any special apparatus. We were especially interested 
in using such a test because of the possibility of a wider clinical use. 
We are aware that this method has been modified repeatedly and other 
methods described. Some insist on the use of biilTer solutions in order 
to establish an optimal /’ll for diastasic activity, A recent artic e o^ 
Elman and McCaughan measured the lowering of the viscosity a. 


10. Elman, R.. and JIcCaughan, J. 
Blood Amylase with the Viscosimeter, 


M.: The Quantitative Determination of 
Arch. Int. Med. 40:58 (July) 1927. 
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effected by the starch-splitting ferment. While the importance of the 
buffers is clear in determinations of diastase in feces and urine, the 
buffer system of the blood is a reasonable safeguard that large variations 
in pH will not occur. While the optimal pa may not be thus obtained, 
the figures are comparable. The use of buffer solutions complicates the 
method without being of marked advantage. A few comparative deter- 
minations with the buffer method of Stafford and Addis “ convinced 
us that buffering in the blood is not of any advantage. Our curves 
showing the amount of diastase following ligation of the tail or the head 
and tail show that a definite and constant rise is estimable. 

We have no experience with the interesting method of Elman and 
McCaughan, as our work was completed at the publication of their 
method. These authors made the statement that diastase in plasma 
deteriorates rapidly, whereas diastase in serum retains its potency. We 
have used diastase in serum all through our work and have kept serums 
in tlie icebo.x for two days without deterioration. Checks on the pn of 
serum ha\’e shown no change in the serums which would warrant 
buffering. 

Another advantage of determining diastase in the blood instead of in 
the urine is the factor of concentration and the rate of excretion of urine, 
as has been emphasized by Stafford and Addis. Determinations of 
diastase with feces introduce additional difficulties, as recently discussed 
l)y Wolfer and Christian.'- The clinical application of a simple deter- 
mination of diastase in the blood in suspected pancreatic injuries and in 
acute necrosis of the pancreas is well w'orth considering. No increase 
can be cxj^ected in chronic pancreatitis and obstruction. 

SUMM.\RY 

1. Isolation or ligation of the tail of the pancreas leads to an early 
increase in diastase in the blood, followed by a secondary rise about the 
seventh day. From our previous histologic studies, we believe that the 
secondary rise may be due to the disappearance of the initial edema. 

2. The rise in diastase seems to be proportionate to the amount of 
tissue ligated. The ligation of both the head and the tail of the pancreas 
gave much higher rises in diastase than ligation of the tail alone. 

3. Ihe return of the diastasic values to normal at the end of two 
weeks would indicate that external secretion is not to be expected or 
femed from the ligated portion after two weeks. 

n. SlafTord, D. D„ and Addis. T. : Diastase Determinations in Urine and 

ood ns a ytclhod for the Measurement of the Functional Capacitv of the Kidnev 

Quart. J. Med. 17:151, 1924. 

1_. \\olfcr, J. and Christian, L. W. : Pancreatic Function Tests Arch 
Sure, 17:859 (Dcc.'i 192S. 



EXPERIMExNTAL SARCOMA OF BONE* 


.CHARLES L. CONNOR, iM.D. 

SAN FRANCISCO 

It is known that an experimental tumor on transplantation invariably 
reproduces the same kind of tumor as to cell type. For instance, the 
Rous sarcoma alwa3's produces a fibrosarcoma whether it is injected into 
muscle, bone, connective tissue or an internal organ, such as the liver. 
When, therefore, an opportunity came to work with an endothelioma, I 
seized the chance to observe its behavior when injected into the bone- 
marrow of chickens. The purpose of such a procedure was several fold. 
First, it was desired to see to what extent it might produce a tumor 
resembling the much disputed tumor described by Ewing as an endothe- 
lioma of bone. Second, it seemed important to watch the development 
of tumor of the bone-marrow from its inception, a thing impossible to 
do in man, since in the latter it usually has advanced considerably before 
it is discovered. Third, the reaction of the bone itself to the presence of 
cells of known origin might throw some light on the t.vpe of cell that is 
capable of forming bone.' 

This tumor was found by J. A. Murra}^, director of the Imperial 
Cancer Research Fund, London, in a Rhode Island Red chicken. It was 
furnished me through the courtesy of Dr. W. E. Gye. The material 
received had been dried in London three weeks before it was used. It 
was said by Murray that filtrates of the tumor, as well as suspensions of 
the cells, would reproduce the tumor on injection into an homologous 
strain of chickens. The new tumors therefore presumably arise from 
cells of the new hosts, and not from the transplants. 

Murray, in a communication through Dr. Gye, said that b}'^ serial 
sections he had observed the tumor arising from the lining cells of blood 
vessels. My first experiment was an attempt to prove this. Suspensions 
of the tumor cells were injected into the thigh muscles of chicks, and 
the animals were killed at various intervals in order to watch the develop- 
ment of the resulting tumors. Into half the chicks, a small amount of 
ground carbon was injected with the tumor cells in order that the sites of 
the inoculated material might be localized. The tumors grew, as a rule, 
rapidly. Within thirty-six hours, microscopic nodules were present 
between the muscles. AVhen carbon also was present, growth was even 

* Submitted for publication, Jlardi 22, 1929. 

* From the Department of Pathologj', Unwcrsit)' of California .Afctlical School. 

* Part 'of this work was done in the Department of Patholog}', Harvard 
Medical School. The x-ray pictures were made at the Peter Bent Bnehani 
Hospital, Boston, under the direction of Dr. :^r. S. Sosman. 
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more rapid. Carbon alone, injected into several control chicks, or into 
the opposite thighs of the chicks receiving tumor cells, caused a prolifera- 
tion of the same kind of cells as those which formed the tumor. This 
proliferation never became malignant, but remained as a typical foreign 
body reaction. Both the tumor cells and the cells responding to the 
injection of carbon alone were phagocytic. Many of them became filled 
with the carbon (fig. 3). 

Because of the rapidity of growth and the intimate intermingling of 
tumor cells, blood vessels and connective tissue, it was not possible to say. 



Fig. 1. — An early stage of the tumor, starting in the muscles of the thigh. 
Ihe cells appear to be growing from the sarcolemma, and are forming sinuses; 
X SO, 

heyond the shadow of a doubt, from which cells the tumors arose. In 
muscle, the first cells to appear seemed to come from resting cells 
between tlie muscle or the connective tissue fibers, or perhaps from the 
luesothelium forming the surface cells of the sarcolemma. These cells were 
uudiffcrentiated and contained considerable lightly staining cytoplasm 
uud round or oval nuclei with prominent nucleoli. They resembled the 
^hcular cells of man more closely than the endothelial type of cells. 

jc former have a reticulated chromatin, the threads of which commonl}’^ 
join at a concentrically placed nucleolus ; in the latter, the chromatin is 



archives or surgery 

in finely scattered grannies, among which nucleoli can often not be 
distinguished. The cells of the tumor in the chicken thus resembled 
tlie cells lining lymph sinuses, and were comparable to the Dorothy Reed 
cells of the Hodgkin’s t 3 -pe of lymphosarcoma. They formed spaces and 
ined them (fig. 1), and some of the spaces contained blood. Mostly 
hoM^ever, the tumor grew in lobulated masses, and had a capillary stroma! 
except where thin bands of fibrous tissue divided up the tissue. 

In bone-marrow, the tumor cells appeared to arise from the indiffer- 
ent cells lining the marrow sinuses, and appeared first as spindle cells 
without fibrillae. Here, again, it was impossible to say from wbich type 



Fig. 2. — A proliferation of cells in the bone-marrow four days after the injec- 
tion. Carbon is present. There was no evidence of tumor in the x-ray picture; 

X 80. 


of cells the tumor cells arose. There seemed to be a general reticular 
h 3 'perplasia, and the cell which became a tumor cell could not be distin- 
guished from a similar (or identical) cell which formed the blood cells. 
Carbon pigment stimulated the proliferation of the same kind of cell 
here also. 

In transplantations of the tumor cells into the bone-marrow, young 
chicks from 3 to 10 weeks old were used. It was comparatively easy to 
inject the ground-up tumor suspended in salt solution into the marrow 
cavity of the tibia through the proximal articular surface. The animals 
were killed from time to time, some as early as tiventr'-four hours 
the inoculation. X-ray pictures were made from the first day. until it 
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was found that tumors could not be demonstrated before about the 
fourteenth day. Sixt3"-five chickens were used, and practically all 
developed tumors. The results, in those which were allowed to run the 
full course, were about the same. Therefore, to be brief, only a few 
cases will be given in detail. 

At twenty-four hours, no tumor could be observed microscopically. 
Tumor cells which had been injected could be identified in some cases, 
and these were undergoing autolysis. On the second and third days 
following the injection, a reaction on the part of the marrow could be 
observed as a proliferation of undifferentiated cells. These cells appeared 



I'ig. 3 . — A higher magnification of the cells four days after the inoculation with 
the tiinior. Their phagocytic character is shown ; X “180. 

no different from those whicli presumabh" were forming white 
Wood cells, and at this time a definite diagnosis of tumor could not be 
made. In those cases in which carbon had been injected, the cells were 
phagocytosing the pigment. Definite tumor could be diagnosed on the 
fourth day in four chicks In- microscopic e.xamination (fig. 4 ). The 
cells at this stage were of spindle shape, but staining with phospho- 
tiingstic acid heinatoxwlin failed to demonstrate fibroglia. 

.■\t later stages, the tumor grew up and down the medullar}' cavity, 
thottgh in most cases the tumor reached the outside before entirely 
11 placing the honc-marrow. Tumor could not he demonstrated by pal- 
pation nr by the x-rays in any chick before the fourteenth day. Of ten 




Fig. 4. — The picture shows tlie size of the tumor of tlie bone-marrow at four 
days. No carbon was injected. No tumor was sliown by the x-rays; X 80- 


but tumor could not be diagnosed from postmortem x-ray pictures. All 
the chicks that were allow'ed to die of tumor succumbed before the 
twenty-second day following the injection. The clinical course of one 
chicken is given as an example of the usual progress of the tumor. 

Chicken 36 . — A suspension of cells from a large tumor of the thigli was 
injected into the left tibia of chick 36 when it was about 2 months old. X-ray 
pictures were made dails’, beginning on the sixth day, until the death of the 
chicken, on the eighteenth day. The tumor became visible on the sixteenth day 
(fig. 5/4) ; a slight roughening of the periosteum was shown, with a suggestion 
of fine, radiating lines. On the seventeenth day (fig. 55), both sides of the shaft 
showed rarefaction and had a mottled, ragged appearance, and radiating lines 







CONNOR—SARCOMA OF BONE 


799 


anti an elevated periosteum were present on one side. Fig. 5 C shows the tumor 
on the eighteenth day, when a definite fusiform thickening of about a third of the 
shaft could be detected. 

At autopsy, huge metastases were found in the liver and metastases also in the 
lungs and the spleen. The tibia contained tumor throughout the marrow cavity, 
and this had broken through in the region of the nutrient artery to form a sub- 
periosteal mass which completelj’ encircled the cortex. Between the periosteum and 
the cortex there was a new formation of bone. In the medullary portion, the 
tumor was soft and gray and contained numerous small areas of necrosis (figs. 6 
and 7 show a more advanced tumor of similar appearance). Histologically, the 
tumor consisted of the type cells, previously described, in a capillarj’’ stroma. These 
cells seemed to be differentiating into the cells that were forming bone beneath the 
periosteum. 



big. 5 (chick 36). — A, the first definite evidence of tumor shown by the x-rays, 
on the sixteenth day; B, the tumor on the seventeenth day, showing rapid growth; 
6, the Unnor on the eighteenth day, on which the chicken died. The x-ray picture 
IS of the detached leg, 

.'V single experiment was undertaken with the Rous fibrosarcoma for 
purpose.s of comparison rvith tlic endothelial tumor. A cell suspension 
tcceived from Dr. J. H. Mueller of the Department of Bacteriologj^ 
Hatvard Medical School, was injected into two barred Plymouth Rock 
chickens. T he site of injection was, as in the case of the endothelial 
tumor, tlie tibia. One animal was killed on the si.xteenth day. A 
< efinite tumor was present, which was passing out into the subperiosteal 
space aionnd the mitrient artery (fig, S). The second chicken was 
o ed on the twenty-first day. .A fusiform tumor was found similar to 
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that formed by the endothelioma. The cells of the tumor were appar- 
ently forming the bone that was present in considerable amount betwen 
the periosteum and the cortex. 

The endothelial tumor was not an exact reproduction of the endo- 
thelial myeloma of Ewing. It had characters both of Ewing’s tumor 



Fig. 6. — A tumor that caused death in twenty-one days with generalized 
metastases. The medulla is filled with tumor, the cortex is eroded and masses of 
tumor and new bone are present between the periosteum and the cortex; X I- 


and of osteogenic sarcoma. The type cell, as has been said, was differ- 
ent, though the cells of chickens do, in general, differ from the cells of 
man in several respects. The tumor grossly resembled Ewing’s tumor 
in that it fairly well filled the marrow cavity, it occupied more than a 
third, sometimes near!}' all, of the shaft, and it had osteolvtic rather 
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one place in this scc^.on^xU, "I'on confined beneath the periosteum. At 

formed, X -1 Ficnre 11 ’ 1 periosteum has broken down, no bone is 

S ell shows the x-raj picture of this bone 
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than sclerosing properties while confined to the medulla and the cortex. 
It was pointed out previously ^ that any tumor of bone (metastatic or 
primary) may cause the formation of radiating spicules as seen by the 
x-rays. This, however, is mtidi more common in osteogenic sarcoma 
than in other tumors, and is one of the least conspicuous features in 
Ewing’s tumor. The method of growth of this experimental tumor 
beneath the periosteum exactly duplicated a subperiosteal osteogenic 
sarcoma as seen in man. Such tumors were previously called periosteal 
sarcomas, until Codnian = pointed out that all of them are both meclullarv 
and subperiosteal, and claimed that all arose in the medulla. The 



Fig. 8.— Rous sarcoma. This shows one way by whicli the tumor passes out o 
the uTeduIlary cavity; the cells infiltrate along the nutrient artery and form a 
subperiosteal tumor; X SO. 


tumors in the chickens illustrated admirably two ways by which a medul- 
lary tumor reaches the subperiosteal region: one by way of the nutrient 
foramen, and another by growing between bone spicules and along le 


haversian systems (figs. 8 and 9). 

So far as the second purpose is concerned, that is, the follouing 
a tumor of bone from its inception to its termination, there may lie 


Tc^r, C. L.: Endothelial Myeloma. Ewing, Arch. Surg. 12:789 (April) 

Codman, E. A. : The Nomenclature Used by the Registry of Bone Sarcoma, 
Am. J. Roentgenol. I3:I0S, 192a. 
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differences of opinion as to how far one may go in comparing a tumor 
in the chicken to one in man. Generally, in man, a tumor has been 
present for a considerable period before attention is called to it by some 
untoward occurrence, but usually there is no means of ascertaining how 
long. The factor of pain, of course, was not evident in the tumors in 
the chickens, if present. Most of the chicks showed no signs of distress 
until metastases were far advanced. Two only limped, and each of these 
had developed small nodules on the articular cartilage at the site of 
injection. Pain, as a rule, is the symptom that draws attention to a tumor 
of bone in man, although cases are not infrequent in which a spontaneous 



I'li: y. Aiiotlicr way in wliich a subperiosteal tumor is formed' the cells of 
an tiKiothflioma infiltrate through bone trabeculae and pass along beneath the 
peruKtemn; X 80. 

liactuie is the first sign. One cannot compare the two growths, there- 
loie, in this respect. One may only record that, in the chickens, fully 
tvo thiuls of the course of the ttimors had been run before thev were 
detectable, in sjiitc of the fact that first signs were eagerly awaited 

1 beic lias licen (liscussion regarding the nature and causes of the new 
toiniatiun of bone in both primary and metastatic tumors of bone. It 
is f.airly well agreed tliat the formation of new bone around a metastatic 
i.ircinonia or a giant cell tumor is a reparative, reactive or defensive 
pioccss. similar to the fibrosis occurring around tumors in soft tissues. 
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ut It IS conceded that osteogenic tumors form tumor bone, and many 
oldei pa hologists professed to distinguish between bone formed by 
umor cells and that formed by normal osteoblasts. Many osteogenic 
tumois form abortive or malformed bone, but many also form bone that 
IS indistinguishable from that seen in a normal callus. Eising,^ on philo- 
sophical evidence, believed that the bone formed in all tumors is reactive 
and not formed by tumor cells. It seems reasonable, however that 
osteoblasts in an osteogenic tumor might form an osseous tissue iust 
as fibroblasts in a fibrosarcoma may, and do, form collagen. 



Fig. 10. — Formation of bone, apparently bj' tumor cells, between the periosteum 
and the cortex ; X 80. 


Granting, then, that tumor cells may form bone, from what cell or 
cells may osteoblasts be derived ? In most cases, these undoubtedly arise 
from spindle cells (fibroblasts?) of the periosteum and endosteum. The 
latter, however, is in man a rather indefinite membrane, and in young 
animals osteoblasts may apparently be derived from the marrow.^ 

3. Eising, E. H.; Bone Formation in Osteogenic Sarcoma: Teleologic Con- 
siderations, Arch. Surg. 12:867 (April) 1926. 

4. Keibel and Mall: Human Embryology, Philadelphia, J. B. Lippincott 
Company, 1910, vol. 1, p. 303. 
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Moschcowitz,'’ discussing heterotopic formation of bone, declared that 
the osteoblast comes from an endothelial cell lining blood vessels, and 
further stated that a common cell (fibroblast?) forms the endothelial 
cell, the _^osteoblast and the bone-marrow cell. Maximow® derived the 
histiocyte, the fibroblast and the reticular cell from a common mesen- 
chymal cell, and the osteoblast from the fibroblast. Fibrils, similar to 
those of a fibroblast, ma)'- be formed by the monoc3'te in tissue cultures.' 

In the present experiments, two types of tumors, a fibrosarcoma 
(Rous) and an endothelioma (or reticuloma), produced bone under one 
condition onty, namely, when the cells were confined between the perios- 
teum and the cortex. There are probabty three reasons for this: ( 1 ) 
both types of cells are capable under certain conditions of forming osteo- 
blasts; (2) the conditions are probably a suitable ph3'sicochemical milieu, 
such as is found in the region of bone, and ( 3 ) a mechanical restraint 
similar to that caused {33^ tumor growing between a tautty drawn peri- 
osteum and the corte.x of bone. Once the periosteum has been broken 
through, the tumors grow much more rapidty, and no intercellular sub- 
stance of any kind is produced by the endothelioma. 

SUMMARY 

A spontaneous transmissible endothelioma of the chicken was intro- 
duced into the marrow cavit3' of the tibia of the chicken for the purpose 
of duplicating, if possible, a tumor similar to that described by Ewing 
as an endothelial myeloma, and in order to watch the development and 
manner of growth of such a tumor. The resultant tumor resembled, in 
some respects, both endothelioma and osteogenic sarcoma as seen in man. 
Like endothelioma, it occupied a large part of the shaft and was osteo- 
lytic until it had penetrated via the nutrient foramen or through the 
cortical spicules to the subperiosteal space. While confined between the 
periosteum and the cortex, the tumor cells formed radiating spicules of 
bone. In a similar experiment with the Rous fibrosarcoma, it. 
too, formed bone beneath the periosteum. 

Fully two thirds of the course of the tumor had been run before 
the tumor became palpable or visible 133- the x-ra3's, although it was 

5. Moschcorvitz, E.; The Relation of Angiogenesis to Ossification, Bull. 
Johns Hopkins Hasp. 27:71, 1916. 

6. Maximorv, A. A.: Relation of Blood Cells to Connective Tissue and 

Endothelium, Physiol. Rer’. 4:a33, 1924. 

7. Fischer A.: Sur la transformation in vitro des gros leucocytes mono- 
nucleaires en fibroblasts, Compt. rend. Soc. de biol. 92:109, 192o. Ca^cl. A . ant 
Ebeling A. H - Pure Cultures of Large Mononuclear Leucocides, J. Exper. -Men. 
36-365 ’ 1922 Maximow, A. A.: Development of Xongranular Leucocytes 
(Lymp’hootes and ^fonocj-tes) into PolybIas_ts fMacrophages) and Fibroblasts in 
Vitro, Proc. Soc. E.xper. Biol. & Med. 24:570, 1927. 
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present in all the bones examined on the fourth day. By the twenty- 
second day, the chickens had died with widespread metastases. Two 
died of metastases before a tumor could be demonstrated by palpation 
or by the x-rays, although tumors were present in both cases.^ 

It is shown that both endothelial (or reticular) cells and fibroblasts 
are capable of differentiating into osteoblasts under certain physical 
and chemical conditions. 



pllmoxary atelectasis axd respiratory 

FAILURE 

ISRAEL RAPPAPORT 

NEW YORK 

In an earlier publication, I ^ described the abrupt onset of respiratory 
embarrassment in cases of caseous pneumonic phthisis complicated bv 
sudderi atelectasis. Obseiration of a large number of severe and 
e.\'tensi\-e cases of acute phthisis has convinced me that this complication 
is not the exception, but rather the rule, in such severe processes of 
the lungs. To illustrate the extent to which such conditions may 
progress, a case is here presented which is only^ one of many such 
obsen^ations. This particular case was chosen because it shows 
atelectasis of an entire lung which cleared up ultimate^, in spite of 
catastrophic progress of the process itself. Furthermore, since this 
patient died of a miliary' dissemination shortly afterward, an oppor- 
tunity was afforded to check up on the pathologic changes. 

The patient, J. G., aged 25, a bank clerk, became ill suddenly about 
six weeks previous to his admission, in the first days of January, 1925. 
His first roentgen examination is not reproduced here, as it was not 
much different from the plate given here with the date of March 4, 
1925. The patient was too ill for any active therapy to be attempted. 
On April 9, 1925, he developed sy'mptoms of acute respiratory distress. 
The plate of that date (fig. 2) reveals as the reason for the attack 
a massive atelectasis of the entire left side of the lung. Figure 3. taken 
on May 15, 1925, shows reinflation of the formerly' collapsed lung, 
except for some extension of the process into the lower lobe, as com- 
pared with the first plate. The patient died two months later. Autopsy 
revealed vast honeycombing throughout the left lung, with cavities of 
different sizes and shapes. The intervening pulmonaiy* tissue was 
studded with tubercles. The pleura of the left side was densely 
adherent. The right lung showed lobular involvement in the upper 
lobe and miliary' dissemination throughout the rest of the lung. 

Here, then, was a case in which spread of an acute exudative process 
from the upper to the lower lobe rvas accompanied by a temporary- 
collapse of the entire lung. Atelectasis and retraction of severely 
affected lungs in the course of phthisis has been described m the 
literature repeatedly; recently Packard = reported such cases. More or 
less atelectatic collapse of severe tuberculous lesions has been observed 
to be a regular feature of phthisis. That atelectasis is also a regular 

* Submitted for publication. April 29. 1929. 

1. Rappaport, I. : Am. Rev. Tuberc. 18:447, 1928 . 

2. Packard, E. H.: Am. Rev. Tubcrc, 18:7, 192S. 



RAPPAPORT— PULMONARY ATELECTASIS 


809 


feature of other severe pulmonary diseases has become increasingly 
evident within the last decade. Churchill and Holmes reported atelecta- 
sis in pulmonary suppuration of pyogenic etiology. The Philadelphia 
workers on atelectasis conclusively demonstrated its presence in all post- 
operative complications of the lungs. Cor)dlos and Birnbaum ^ recently 
presented experimental evidences to prove that atelectasis is the under- 
lying pathologic change of all pneumonic processes. 

In short, there is ample clinical and pathologic evidence to the fact 
that pulmonary processes of whatever etiology are accompanied by 
atelectasis of greater or lesser areas of the lungs. The clinical symptoms 



Fig. 1.. Lungs of the patient, J. G, taken on March 4, 1925 


of atelectasis are identical, regardless of the underlying pulmonary 
disease. The symptoms of critical pneumonia, massive collapse or 
any other critical condition of the lungs are exactly the same; they are 
those I have described under the name of “anoxemic cardiac syndrome.” 
The\ ate the symptoms of acute respiratory embarrassment, which vary 
in intensity according to the proportion of breathing surface failing 


Churchill, E. D., and Holmes, G. W. : Lobar Atelectasis in Chronic Pul- 
monary Suppuration, Arch. Surg. 14:1093 (May) 1927. 

B'rnbaum, G. L : Lobar Pneumonia Considered as 
Surg. ®"°"choscopic Investigation, Arch. 
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in function, and according to the compensatory capacity of the breath- 
ing surface remaining in function. In the aforementioned paper on the 
respiratory failure syndrome, I have described its acute form and 
emphasized that it shows a wide range of variations according to the 
degree of respiratory dysfunction present. As a basis for the dis- 
cussion in that paper, I adopted the present day pathologic concept that 
respiratory embarrassment leads to failure by way of cardiac exhaustion 
and that the clinical phenomena are therefore cardiac in origin. How- 
ever, even at the time that the paper was published I believed in a 
different conception of respirator}' failure, but I was not r-et ready to 
bring out the subject in the light of my own conceptions. 

The recent studies, experimental as well as clinical, with the revival 
of the discussion of pulmonary atelectasis in the literature, afford me 
the opportunity to attempt the presentation of my own conceptions. 
My studies of respirator}' failure date back to the last twelve years of 
clinical observation of a great number of respiratory failures in such 
wartime mass affections of the lungs as epidemics of influenza, 
pneumonia and gassing. These clinical observations have convinced me 
that respiratory failure is never associated with cardiac failure, and that 
chronic respiratory failure leads only to a relative circulatory insuf- 
ficiency, but not to cardiac failure. My clinical observations have 
brought me to the conclusion that pulmonary atelectasis is the pathologic 
substrate of the clinical entity of respiratory failure. Pulmonary 
atelectasis and respiratory failure are the two sides of the selfsame 
clinicopathologic process. Respiratory failure, of whatever etiology — 
suffocation, infection or obstruction — always appears with atelectasis as 
the pathologic, and the “respiratory failure syndrome” as the clinical, 
accompaniment of the disease. 

An attempt will be made to present this conception and the 
physiologic, pathologic, experimental and clinical data supporting it. 

In these days of functional medicine it is not customary to propose 
changes of theoretical conceptions without offering some new and per- 
sonally produced experimental evidences. I have no such evidence, as 
mine is purely clinical. Disease is nature’s great biologic experiment 
that unrolls itself before the eyes of the clinician. The respiratory con- 
ditions here discussed are of a purely functional nature and run their 
course like true experiments. The old problem of pulmonary collapse 
has now been revived, owing to the fact that x-rays have demonstrated 
it to be the center of events in almost every form of pathologic process 
of the lungs. Besides the problem of collapse of the lungs, respiratory 
patholog}' is riddled with unsolved problems, such as asthma, 
emphysema, edema of the lungs, etc. It is in the nature of respiratory 
function alveolar respiration and pulmonary circulation — that these 
processes are so deeply hidden from observation, and even from the 
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possibility of satisfactory experimental investigation, and their integra- 
ton must apparently remain forever largely a matter of intuition. 

lysiology and pathology offer one nothing but working theories. Why 
should the clinician not be permitted to offer his conclusions and work- 
ing theories, based on his clinical experiences ? 

This venture in expounding my own evolved conceptions about 
these respiratory problems offers the only excuse, that it merely pro- 
poses to replace old assumptions by new ones. The only difference, as 
it appears to me, is that while the old assumptions raise new questions 
and run counter to one’s clinical experiences, these new assumptions 
answer many questions and are congruent with the established clinical 
facts. 

To present a problem of such dimensions in as brief a form as I 
intend to give here, I shall have to restrict m3^self to the mere outline 
of the ideas and the facts supporting them. Let them speak for 
themselves. 

Every pulmonary disease, regardless of its etiology, presents the 
caleidoscopy of decompensation and failure in some parts of the lungs 
with compensation of the other parts. My first task must be, therefore, 
to define the pathologic and clinical phenomena of decompensation and 
failure as well as those of compensation in pulmonary function. For 
this purpose I must go back to the basic conceptions of the physiologic 
and pathologic processes of respiratory function, after which I shall 
deal with the clinical features. 

PHYSIOLOGIC CONSIDERATIONS 

According to the up-to-date conceptions of respiratory function, 
breathing depends on the following mechanism. Inspiration is carried 
out by the activity of the external respiratory muscles under voluntary 
nervous control ; expiration depends on the activity of the intrinsic 
muscles of the bronchi under vegetative nervous control. There is a 
prodigiouslj'^ overprovided huge area of breathing surface, which under- 
goes little movement, but which is served by the supple systems of air 
and blood channels, so constructed that they can adapt themselves 
to a wide range of changes in respiratory requirements. Both the 
bronchi and the pulmonar}' arteries are endowed with the same elastic 
and smooth muscle structures, enabling them to undergo tremendous 
changes of capacity. According to the proportion of breathing surface 
in function and the intensity of this function, the wide range of varia- 
tions in the capacity of the air and the blood passages is brought into 
play. These changes are precisely coordinated; they are always 
simultaneous and proportionate. With each inspiration both bronchi 
and arteries equally increase their capacity to receive the simultaneous 
increase of air and flow of blood brought to the lungs. The funda- 
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mental mechanism underlying normal respiratory function is this 
respirocirculatory correlation. Blood arrives in the lungs with a pres- 
sure so low that its circulation through the lesser circuit is maintained 
almost exclusively by the force of the pulmonary function of the 
respiratory excursions. Thus, air and blood in the lungs are promoted 
by the selfsame mechanism, the respiratory movements. It is a basic 
principle of pulmonary function that in any unit of the lungs there 
can be no circulation without ventilation, and that there can be no 
ventilation without circulation. With few limitations one can carry 
this principle still further and say that hyperventilation of a pulmonary 
unit means also its hypercirculation, while hypocirculation means also 
its hypoventilation. It is this precise correlation between ventilation 
and circulation that underlies the mechanism set in action with all 
variations in respiratory requirements. In exercise, increase of respira- 
tory volume is parallel with increase in circulatory volume, while in 
sleep the opposite occurs. One must assume that this correlation is as 
precise in each unit of the lungs as it is in the whole of it. This 
correlation inherent in pulmonary function regulates the relation 
between pulmonary air and the blood depot from the first to the last 
breath. With the first breath of the infant, and closure of the botallian 
duct, a definitely correlated air and blood depot is established in the 
lungs, which is to be maintained to the last breath. The lungs, as the 
heart, never rest, and are never empty of blood or air. They are kept 
in constant expansion, under Donders’ pressure, by the permanent 
presence of the air and the blood depot, which must ever be balanced 
to one another if function is to be maintained intact. Hence, there 
results the arrangement of residual air and blood volumes in the 
lungs, the air and blood depot, which are being constantly refreshed 
by the arrangement of tidal volumes of air and blood. The constant 
exchange of the pulmonary air and the blood depot is carried out by 
the same mechanism, the respiratory excursions, that coordinates the 
respirocirculatory correlation. 

PATHOLOGIC CONSIDERATIONS 

From the standpoint of functional pathology the most outstanding 
feature of respiratory function is the phenomenon of simultaneous com- 
pensation and decompensation present in the different parts of the same 
lung, or in the two lungs. Unlike the heart — ^an organ, all parts of 
which must stand or fail together — the lungs are a conglomeration of 
or^n units, with a remarkable degree of functional independence. The 
units of the lungs behave independently and exactty like the whole of the 
lungs ; they can fail separately, and can compensate one for the other. 
This situation permits a generalized discussion of respiratoiy failure, 
speaking from a purely functional standpoint. Whether decompensa- 
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tion or failure is local, restricted to a greater or lesser area of the lun-s 
or whether it is general, affecting the whole of the lungs, the pathologic 
sequence of events is the same. It will always depend on the interrelation 
of the failing and compensating areas of the lungs, of a restricted or 
general character. 

As I have said, the foundation of normal respirator}' function is 
the precise respirocirculatory correlation. This correlation is most 
precise when pulmonary function is kept at a mean standard. Diversions 
from the mean in respiration are fraught with upset in the correlation. 
Such an upset is equivalent to disturbed respiratory function, wliicli 
may lead to respiratory decompensation or even failure. Accordingly, 
both extremes of hypofunction and hyperfunction are likely to lead 
to respiratory decompensation by way of upsetting the correlation 
between air and blood depot. Owing to this peculiar situation, one has 
the unusual opportunity in respiratory function, a phenomenon without 
its likeness in any other organic function, to be able to bring about 
respiratory decompensation at one’s will. One can observe transitions 
from normal function to respiratory decompensation in normal persons 
by voluntary apnea and exhaustion from excessive exercise. 

In voluntary apnea — Valsalva experiment — one sees phenomena 
threatening collapse of the lungs, if the experiment is carried too far. 
A depletion of the air depot and a marked increase of pulmonary blood 
depot, excessive pulmonary plethora, result. In lack of ventilation, trans- 
mission of blood through tlie lesser circuit drops far below the 
simultaneous reduction of blood supply. Even the reduced amounts 
of blood brought to the lungs under these circumstances are sufficient 
to bring about an excessive pulmonary plethora as compared with the 
reduced air depot, or state of pulmonary expansion. Hypofunction of 
any part of the lungs under a certain level produces such a local 
plethora, causing an engorgement. Patients with adequate circulation 
when immobilized in bed, so that expansion of pulmonary areas is 
markedly reduced, always develop such congestions. Any form of 
defective breathing, smothering or obstructed breathing is productive of 
such plethora. Hyporespiration, carried to the point of complete stand- 
still for more than a few minutes, brings about such proportions of 
pulmonary plethora that alveolar capillaries become engorged. This 
also immobilizes the alveoli and interferes with their function, with the 
result that blood flow is still further reduced. Extreme engorgement 
of the alveolar capillaries follows, which changes the permeability of 
the tissues, permitting the transudation of blood serum into the tissues 
and air spaces. Atelectasis of the involved area of the lungs is thus 
produced. This is exactly what happens in complete occlusion of a 
bronchus, or the complete occlusion of the trachea. 
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Tlie same result is produced in a somewhat different manner in 
hyperfunction that may be so excessive as to lead to pulmonary failure. 
The se(^uence of events is best illustrated in exhaustion from exercisCy 
which is, paradoxically as that may sound, a physiologic form of 
respiratory decompensation. In excessive exercise the trained person 
has the ability of maintaining a precise correlation of excessively 
increased air and blood depot; not so, however, the untrained person. 
Such persons soon reach the limit of their ventilatory capacity, the 
greatest air and blood depot they can manage, beyond which they lose 
their power of correlation. In such persons, air and blood depot 
increased beyond a certain point become unmanageable, and the 
pulmonary emphysema and plethora, of a compensatory nature, become 
stagnant, because exchange must slow down. The reason for this slack- 
ing down of the turnover is, the slowing down prolongation of expira- 
tion, or expiratory d3'spnea. It is a significant fact, that it is always 
expiration — depending on the activity of the intrinsic bronchial muscles 
under the control of the vegetative nervous system — that fails in respira- 
tory function exceeding a certain level. The excessive pulmonary 
plethora and obstructive, stagnant emphysema thus produced are the 
phenomena of so-called respiratory decompensation. Carried beyond 
this point, hyperrespiration leads only to the further increase of 
pulmonary plethora, and finally to such capillary engorgement that 
pulmonary rigidity results. Capillary engorgement causes interference 
with alveolar function, and is the pathologic substrate of the clinical 
l)henomenon one calls dyspnea. Pulmonary rigidity closes a vicious 
circle by which the lungs are completely immobilized; the circulation 
of the blood is severely handicapped, and the serum will leak into the 
tissues and air passages. Thus is pulmonary atelectasis produced by 
hyperfunction carried beyond a certain point. 

Of course, normally the excessive dyspnea will stop men from 
carrying pulmonary plethora to the point of failure. However, instances 
of such fatalities in athletics that are carried to excess are described in 
the literature frequently. In excessive exercise, already at the point 
of considerable pulmonary plethora, people begin to cough and expec- 
torate. Es)>ccia!!y in dogs is the hacking and the emission of copious 
secretions from the lungs conspicuous. As a matter of fact, ever\" 
pulmonary disease produces pulmonary plethora, hence the most out- 
standing feature of cough and expectoration in all of them. 

Ihc aforementioned mechanism by which respirator}’ failure arises 
m a quasi physiologic manner is also the mechanism by which it is 
pioduced in all pulmonary diseases, regardless of their particular 
pathogenesis. Hence, pulmonary atelectasis is of so variable a patho- 
genesis. Any disease of the lungs, whether its cause is mechanical, 
m cclious or nervous, etc., leads to functional disturbance of greater 
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or smaller parts of the lungs and produces decompensation in some areas 
and compensation in other areas. The greater die failing area and the 
more severe it is, the greater must be the area of compensation or the 
more intense its hyperfunction. A struggle for predominance develops, 
on the outcome of which the final issue depends. The tendency will be 
on the part of the compensating area to help eliminate the failing part 
from function altogether. This is achieved by the “shunting” away 
of its blood supply and hastening its atelectasis and collapse bj' e-vpand- 
ing at its expense. There are two good reasons for this tendency. 
First, if the blood supplj' of such an area of excessive plethora is main- 
tained, and if the transudation of such large amounts of serum into 
the air spaces is kept up, the whole lung is threatened with overfilling. 
Such a condition was described by C. Jackson,® who called it, “the 
di'owning of the patient in his own secretions.” Second, the compensa- 
tory areas of the lungs, by their hyperexpansioii and hypercirculation, 
will encroach on the space and draw on the blood supply of the 
immobilized parts of the lungs. 

This situation leads to the most interesting clinical and roentgen 
phenomenon of paradox excursions of the failing or decompensating 
areas of the lungs, as compared with those in hyperfuuction. In massive 
collapse of one lung, as well as in obstructive emphysema — bronchia! 
obstruction — in one lung, one sees the involved side expand in expira- 
tion, and retract in inspiration. The reason for this is that in inspira- 
tion the hyperfunctioning side expands at tlie expense of the involved 
side and “shunts” away its blood supply. In expiration, the involved 
side increases in volume and receives blood which is squeezed out again 
in the next inspiration. This explains the transmission of considerable 
vmlumes of blood through atelectatic lungs, and is responsible for the 
anoxemia produced under such circumstances. 

The struggle for supremacy is conspicuous and clearcut only when 
decompensation and failure are on one side and compensation on the 
other side. When both failure and compensation are scattered over the 
whole of both lungs, the phenomena are more complex but essentially 
the same. The result is also the same. 

In the clinical discussion one will see that this is really the under- 
lying clinicopathologic phenomenon of all pulmonary diseases. Here 
one may conclude that failure in function of a lung area results m the 
production of excessive pulmonary plethora which finally floods tie 
air passages and produces atelectasis. In short, the functional pathologic 
substrate of respiratory' failure is pulmonary atelectasis. It amounts to 
stoppage of the circulation within the affected area, ivitli the resu 
that local edema is produced. 


5. Jackson, C. : Laryngoscope 21:1183, 1911. 
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That this must be true for the whole of the lungs as it is for its 
parts follows from the well established principle that the whole of the 
lungs behave exactly as the parts do. The manner in which a local 
respiratory failure isolated to a part of the lungs can involve the whole 
of the lungs and produce general respiratory failure is obvious from 
the foregoing descriptions. Failure of one part must be compensated 
by hyperfunction in another part. If the failing area is comparatively 
small or failure is mild, compensation soon gains the upper hand and 
all is well. But, if the area failing is large, or if failure is intense, 
compensatory hyperfunction is likely to become so excessive that its 
advantages are exceeded by its grave dangers. If the area of com- 
pensation is limited, or if its hyperfunction is extremely intense, it will 
either “shunt” away too large blood volumes or bring about excessive 
hypercirculation, and will be fraught with an excess of pulmonary 
plethora. Excessive pulmonary plethora will, of course, lead to decom- 
pensation of the hyperfunctioning areas themselves. 

One sees this happen frequently in all pulmonary diseases that reach 
critical stages. It is a common observation in massive collapse, obstruc- 
tive emphysema or pneumonia, that the hyperfunctioning side is fre- 
quently more resilient in expiration than in inspiration. The reason 
for these phenomena is that under these circumstances excessive 
pulmonary plethora is produced in the hyperfunctioning side, which is 
actually a handicap to its efficient compensation. The fatal consequences 
of this situation are conspicuous in critical cases of pneumonia. Here 


the exaggerated compensatory effort gets the functioning areas of the 
lungs into serious trouble. Excessive plethora is produced of such 
proportions that the air passages of the uninvolved lungs are flooded. 
When the rattling in the good lung is first heard in critical stages of 
pneumonia it is the surest sign of approaching catastrophe, for it is the 
sign of oncoming general atelectasis and pulmonary edema. Thus 
pulmonary edema — diffuse pulmonary atelectasis — becomes the patho- 
logic substrate of general respiratory failure. Lack of space does not 
permit me to go into a detailed discussion of the great pathologic puzzle 
of pulmonary edema. However, I want to call attention to the follow- 


ing two outstanding facts of experimental pathology. Producing a wide 
opening of the chest, or thoracotom}', is the surest way to bring about 
pulmonar)' edema in an animal ; yet wide opening of the chest is also 
the surest way of saving an animal and of stopping pulmonary edema 
produced by injections of epinephrine. This paradoxic puzzle of 
experimental pathology on which endless experimentation has been done 
and on which the most copious literature has been written is explained 
m the light of my conceptions in a most obvious manner. 

To open the chest of an animal widely means the crudest inter- 
ference with Its respiratory mechanism; the respirocirculatory correla- 
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tion is upset; the lungs will collapse; transmission of the blood depot is 
severely handicapped, the final outcome of which is excessive pletliora 
and pulmonary edema. In the animal in which pulmonary edema has 
been produced by injections of epinephrine, or for that matter any 
pulmonary edema, tremendous pulmonary plethora is already present, 
and IS being combated by compensatory emphysema of a degree which 
the animal is still capable of raising. In pulmonary edema the struggle 
between emphysema and atelectasis is extremely acute, because it is 
widely diffused over both lungs, and emphysematous expansion is 
greatl)'^ handicajoped. If under these circumstances the chest is opened 
widely^, that is, if thoracotomy^ is performed, emphy^sema gains room for 
its expansion, and can combat atelectasis successfully. 

In pneumonia, asthma, emphy'sema and other conditions of the 
respiratory tract, pulmonary edema is the cause of death because there 
is no room for emphysema to effect the necessary compensation. In all 
these conditions, pulmonary edema is caused directly by respiratory 
failure. I believe I have presented sufficient evidence to show that 
pulmonary edema is the pathologic substrate of respiratory failure. 

PATHOLOGIC ANATOMIC CONSIDERATIONS 

The pathologic anatomic phase of the question of pulmonary 
atelectasis is at present in considerable confusion. This is due mainly 
to the fact that the interpretation of the term “atelectasis” is generally 
too rigid. There is fairly general agreement as to the application of 
the term to conditions in which actual shrinkage, or collapse, of lung 
volume is coupled with simple edema. This rigid interpretation of the 
term has somewhat relaxed with the recent progress in the recognition 
of atelectatic conditions. The term has recently been extended to 
include processes showing infectious or collateral edemas. Until lately, 
Coryllos and Birnbaum ■* have advocated the application of the term 
to frank pneumonic processes. 

Now the term “atelectasis” means lack of distention. There could 
be no more correct term for the condition. As has been shown in all 
pulmonary diseases, regardless of the etiology, immobility of the area of 
the lungs involved is the sole and paramount factor in the production 
of the changes. If one does not hold too rigidly to the restricted inter- 
pretation of atelectasis, the term will include every form of pathologic 
process of the lungs from collapse with simple edema, through all 
degrees of shrinkage of the pulmonary volume with transudation or 
exudation to infectious, collateral edemas and to pneumonia in winch, 
though the volume of the lungs is augmented, airlessness and immobiliza- 
tion are complete. All of these conditions are based essentially on the 
same pathologic phenomenon, showing only different degrees of intensity. 
The outstanding features of all are; relative immobility to complete 
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fixation, lack of air to complete airlessness, emigration of blood ele- 
ments into the air passages to their complete overfilling with these 
elements. All these conditions are forms of atelectasis of different 
quantitative degrees. The forms of atelectasis as found at autopsy 
show a wide range of variations as to the volume of the atelectatic lung 
and as to the morphologic elements which make up its histologic struc- 
ture. The particular features of the different diseases, and even of the 
different cases, depend on the rapidity of the process. The more rapid 
the process becomes, the more complete the collapse and the less the 
edema. The slower the process is, the less the collapse, the more the 
edema and the greater the likelihood of the lung being invaded, even if 
the condition is not infectious in origin. 

As a basis of discussion of pulmonary atelectasis, from the stand- 
point of its particular features, one should emphasize that the term 
“pulmonar}' collapse” should be restricted to the reversal of a fetal 
state of the lungs, namely, collapse of air spaces as well as vessels. 
Such collapse of the lungs is produced during life either by 
pneumothorax or by occlusion of a pulmonary artery. Any other form 
of pulmonary collapse is never a real collapse; it is “atelectasis.” The 
degrees of atelectasis show great variations even in the same pulmonary 
processes of exactly the same etiology, and the anatomic features vary 
accordingly. 

There is not the least dispute over the anatomic structure of the 
type of atelectasis which is generall}' understood by this term. All 
those describing its morphology, uniformly emphasize the lack of air 
and the marked dilatation of the pulmonary vessels, especially that 
of the capillaries which are filled with blood. The bronchioles are filled 
with serofibrinous exudate and frothy seromucous fluid. The pulmonary 
tissues arc markedly edematous. The atelectatic lung shows different 
degrees of shrinkage, but is never collapsed to more than half of its 
original volume, frequently considerably less. The atelectatic lung is 
full of blood in its vascular bed and full of serum in its air passages. 
This explains its volume and weight. In short, the pathologic process 
in atelectasis is that of edema localized to greater or lesser areas of the 
lungs. In general edema of the lungs, collapse is usually even less than 
in partial edema, because compensatory areas are always present which 
hold a great deal of air in stagnant emphysema. However, the concep- 
tion of complete airlessness in atelectasis is wrong. A part of the air 
depot is squeezed out of the atelectatic lung, but a great deal of the 
air lemains and is dissolved in the fluid contents of the air passages; 
hence, the frothy foamy consistencr-^ of the contents of these air passages. 
T lie atelectatic lung even retains some degree of motility, as is evident 
fiom the roentgen observation of its paradox excursion during expira- 
tion. lhat the atelectatic Imig still transmits considerable volumes of 
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Wood js evident from the cyanosis present clinically. The amount of 
Wood transmitted through an atelectatic area is also the index of the 
extent and intensity of the atelectasis. From the investigations of 
Andrus one knows that immediately after atelectasis the blocked lung 
still transmits about 30 per cent of the blood. From the investigations 
of Binger, Erich and Christie ‘ one learns that the circulation through 
pneumonic lungs is completel}'^ blocked, and that here atelectasis is 
therefoie complete and immobilization and consolidation perfect. 

Another form of atelectasis is that produced by infections. This, 
too, shows a wide range of variations from simple infectious edema to 
frank pneumonia. Here the question hinges -on the age-old dispute of 
the differentiation between transudate and exudate. It is evident that 
the difficulty lies in the fact that there are no leaps in nature, transition 
is too smooth for sharp demarcations. Some pathologists make arbitrary 
delineations, and insist on sharp discrimination on the basis of mor- 
phologic features. Some authorities of international reputation say 
that they are at a loss when it comes to the drawing of a line of 
demarcation between simple and infectious edema of the lungs. In 
simple edema one finds e.xudation of fibrin, leukocytes and erythrocytes 
with desquamated epithelial cells. In infections, exudation frequently 
stops just at this point and does not go on to hepatization. The 
distention of the alveoli and compression of the blood vessels in inflam- 
matory conditions contrast with the collapse of the alveoli and dilata- 
tion of the blood vessels in edema, but there are exceptions even to this. 
As Loeschke ® pointed out, in inflammatory conditions, too, one fre- 
quently finds the alveoli collapsed. The alveoli are distended fay the 
coagulation of the exudate. In atelectasis, coagulation of 

the transudate does not usually take place, but even this may 
occur in atelectasis from bronchial obstruction, in which the air 
passages are so blocked that their contents cannot be discharged. In 
complete permanent occlusion of a bronchus, collapse does not take place 
until the coagulated transudate has been absorbed. Even in pneumonic 
processes, the first stage, before red hepatization, is just an excessive 
engorgement with edema. Even in frank lobar pneumonia the margins 
areas are in a condition of simple collateral edema and atelectasis. 

The relationship betu'een atelectasis and inflammatory processes of 
the lungs has been defined in a most elucidating manner by Loeschke. 
This German pathologist, w'ho has a great reputation, has describe 


6. Andrus, AV. deW. : Cardiorespiratory Pliysiologj' Following Collapse of 

One Lung by Bronchial Ligation, Arch. Surg. 10:506 

7. Binger, C. A. L.; Erich, W., and Christie, R. V.: Kim. Wchnschr. 7.33, 

1928. 

8. Loeschke, H.: iMonatschr. f. Kinderh. «:135, 1928. 
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inflammatory processes as hypertelectatic, dystelectatic and atelectatic 
conditions, to which differences he attaches pathogenetic significance. 
According to Loeschke, croupous pneumonia is hypertelectatic, the 
exudate is here primary in the alveoli, which are therefore found in 
distention. In bronchopneumonia, on the other hand, which begins in 
the terminal bronchioli, the air passages are blocked first; the alveoli 
are therefore partially or totally collapsed and one finds dystelectasis 
or atelectasis. The inference I draw from this is that in pneumonia 
the process is so severe that the entire area of the lungs becomes 
involved almost at once, and exudation is so excessive that it reaches 
all alveoli before they can collapse. In bronchopneumonia, a central 
area is first involved, and obstruction of air passages causes collapse of 
alveoli before the exudate can reach them. 

The pathologic dispute over the line of demarcation between edema 
and inflammation is hottest in the question of the chronic localized 
edemas found at autops}'^ in patients who did not show any clinical 
signs of pulmonary disease. Prominent pathologists frequently diagnose 
such edemas as pneumonia. As a matter of fact, their frequently 
long duration predisposes to some infectious invasion, and the dif- 
ferentiation is then hopeless. 

From this discussion one may safely conclude that the pathologic 
anatomic substrate of respiratory failure is atelectasis of the affected 
area of the lung. The pathologic anatomic substrate of all pulmonary 
diseases, regardless of etiolog}'’, is pulmonar}'^ atelectasis of variable 
degree and intensity. 

CLINICAL CONSIDERATIONS 

In a discussion of pulmonary atelectasis from the clinical standpoint, 
I should begin by pointing out that atelectasis is to some extent a 
physiologic condition. It is frequently observed over different areas 
of the lungs at examination of healthy persons. Even marked degrees 
of atelectases may be observed, without clinical significance, in bed- 
lidden patients with competent circulation, if they are kept on their 
back for longer periods. Considerable degrees of atelectasis can be 
demonstrated in persons with markedly poor breathing by the t3TOpany 
and lales which clear up after vigorous respiration. 

Clinically, atelectasis shows a wide range of variations in degree, 
.iccoiding to the pulmonarv diseases but there is no disease of the lungs 
in which some degree of it could not be demonstrated. The most 
geneialized forms of atelectasis are seen in acute suffocations, hanging, 
di owning and gassing, ilassive total collapse is also a generalized form 
of atelectasis, which one should define as aborted pulmonary edema, 
the process being so abrupt that there is no time for frank edema to 
de\clop. Another generalized form of pulmonary atelectasis is present 
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in pulmonary anaphylaxis, in which the lungs are distended instead of 
collapsed because the process is so general, and in which the struggle 
between atelectasis and obstructive emphysema is so widely diffused 
that the fatal issue takes place even before the lungs could collapse. 
Another generalized form of pulmonary atelectasis is present in infec- 
tious congestions, the “fluxions” or the “fluxions poitrine” of the Frencli 
clinicians. Milder types of generalized atelectasis are invariably present 
in miliary disseminations of infections, carcinoses and silicoses, in exten- 
sive pleiual adhesions, emphysemas, diffuse bronchial processes 
(bronchiolitis) and other conditions. 

Partial pulmonary atelectasis accompanies all local diseases of the 
lungs. I have observed it with great regularit}'^ in severe tuberculous 
lesions. It has been reported in pyogenic infections of the lungs. Recent 
investigations proved it to be the underlying factor of postoperative 
pulmonary complications. It is generally known as the outcome of all 
bronchial obstructions from foreign body aspiration or tumors, etc. 
Isolated patches of atelectasis are invariably seen about acute pulmonarj' 
lesions of whatever etiology. As such lesions never come to autopsy, 
the dispute is hot over their interpretation. Some call them perifocal 
inflammations, others think they are collateral edemas. Clinically, one 
frequently sees these areas disappear almost as abruptly as they came; 
when persistent, however, they may be infected and subsequently 
become a part of the lesion. As a rule the more severe the lesion, the 
greater is the atelectatic patch, and vice versa. 

The mechanism producing atelectasis in all these clinical processes, 
regardless of their etiology, is, of course, the same. It is either failing 
respiratory function, by way of direct immobilization or by way of 
excessive compensation, which fails. The workings of this mechanism 
are plainly in evidence in all diseases of the lungs. The most cleaicut 
picture of this mechanism is presented by the clinical entity of massive 
collapse.” In massive collapse, functional failure of greater or lesser 
areas of the lungs arises abruptly. There is a sudden closing down 
of ventilation at a time when considerable pulmonary plethora has been 
raised just previously. A respiratory crisis is precipitated, in vhicli 
according to the severity of the condition greater or lesser areas of the 
lungs are abandoned to collapse, in order that the rest may take advan- 
tage of ail available ventilatory capacity. The exact sequence of events 
is of course, still a question that remains to be solved by future obserr'a- 
tions of the circumstances in which it arises. However, there are some 
suggestive points that should serve as points of departure for sticu 

investigations. . . 

It is generally known that immediately after operations, especiall} 
under anesthesia, catarrhal phenomena are usually present m the lungs, 
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which betray the foregone plethora. The so-called “wet anesthesias’’ 
are merely more marked forms of this phenomenon. It is also a well 
known fact, that during most operations the patients hyperventilate, 
either because of the anesthesia or because of the anxiety. The 
pulmonary plethora is evident in the marked facial flush of these patients. 
In the presence of great pulmonary plethora, hyperventilation must be 
kept up on the top level, unfalteringly and steadily. Even the shortest 
interruption in ventilatory pace is most likely immediately to embarrass 
transmission of the large pulmonary blood depot. Reduction in 
ventilatory pace must be slow and gradual under such circumstances; 
otherwise it will precipitate a respiratory crisis. If under such cir- 
cumstances wrong posture, smothering b}'- covering of the face, abrupt 
increase of intensity of narcosis to the point of respiratory depres- 
sion and other factors suddenly interfere with the ventilator}- pace, 
respiratory failure of greater or lesser severity is produced. Under 
less severe conditions a timely compensatory effort saves the situation, 
preventing total collapse of the lungs by sacrificing some of the areas. 
Even under these circumstances all of the pulmonary areas are not 
involved to an equal extent. By abandoning to atelectatic collapse the 
most involved areas, the dangerous plethora is abducted through these 
areas, and the other areas have an opportunity to pick up in function. 
Probably, the leakage of serum is also the way by which dangerous 
plethora is reduced wlien respiratory excursions are so low as to fail 
to transmit the blood depot through the lesser circuit. 

-As to the bronchial plug theory of massive collapse, I think it is 
so untenable that it is not even worth discussion. I will, however, point 
out some of its inconsistencies for the sake of throwing some addi- 
tional light on this interesting condition. As many workers have 
pointed out repeatedly, the most acute and fatal cases do not show any 
trace of a bronchial plug and are so abrupt that there could be no time 
for the absorption of the air; yet atelectasis is complete. Already 
.Archibald ” raised the question, where does the vast amount of fluid 
come from if the broncluis is plugged? The question may be asked, 
where does the material which goes to make the plug come from? 
Bronchial obstruction causes only obstructive emphysema. In the 
animals in which it was thus possible to produce atelectasis, respiratory 
function was so impaired that the animals were incapable of normal 
response and could not raise any emphysema. The conception of 
absorption of the air behind the plug is all wrong. In the first place, 
the air passages in atelectasis contain a considerable amount of air dis- 

A -fwlalwlit. E. \V.: Extr.iplcural Thoracoplasty in Treatment of Pulmonarv 
I iibercittnMs, .\rch. Siirs. 10:328 (Jan.I 1923. 
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solved in the frothy foamy fluids, for what else could be the cause of 
this frothy foamy consistency of the bronchial contents? The concep- 
tion of air absorption by the circulation is based on the experiments of 
Lichtheim who showed that atelectasis cannot be produced if, 
simultaneously with bronchial obstruction, the corresponding pulmonary 
artery is ligated. This experiment of Lichtheim does not prove that 
the air is absorbed by the circulation. As a matter of fact, the only 
thing this Lichtheim experiment does prove is just my contention that 
atelectasis depends on the production of excessive pulmonary plethora. 
What Lichtheim did by the simultaneous ligation of the pulmonary 
artery was the prevention of pulmonary plethora in the obstructed lung 
by cutting off its blood supply completely. Of course, this will prevent 
atelectasis, but not because the air cannot be absorbed. It was pointed 
out by workers repeatedly, and the scrutiny of the clinical features of 
massive collapse plainly show that the condition is a general respiratory 
distress affecting the entire lung; hence the frequency of multiple 
localizations. Could they all be plugged at once? To finish the dis- 
cussion of massive collapse I shall point out, that while the condition 
is general, the great frequency of it in lower lobes, and especially that 
at the right side, is explained by the downflow of the bronchial contents, 
or transudations, into these lower parts of the lungs. This additional 
fluid accomplishes the drowning' of these lobes much sooner than would 
take place otherwise. The same occurs in pulmonary hemorrhage. 

The clinical presentation of pulmonary atelectasis— respiratory 
failure — must include at least a few remarks on the symptomatology. 
The physical signs of atelectasis show variations, from dull tympany 
to marked flatness ; from the finest clicks to crepitation, rattles, and the 
peculiar suction sounds which Avere described by Williams (as quoted 
by Gairdner) as “clicking valve like sounds.” The roentgen phenomena 
also show a wide range of variations, from most intense opacity to 
just heavy cloudiness. 

The subjective clinical phenomena of respiratory failure become 
manifest only when embarrassing proportions of the breathing surface 
or a severe form of ventilatory disturbance is affecting the lungs 
generally. The clinical symptoms of respiratory failure may arise 
acutely or develop in chronic progressive form. The cardinal symptoms 
of the “respiratory failure syndrome” are as folloAvs. 

1. Flush of the skin, especially that of face and neck, is frequently 
associated with chill. This flush I have found to be associated with 
the first phenomenon of respiratoiy failure, pulmonary p ora.^ 
every condition in which pulmonary' plethora exists I have invariaoiy 

10. Lichtheim, L.: Arch. f. exper. Path. u. Pharmakol. 10:54, 1878. 
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observed a facial flush. It is present in exercise exhaustion, in every 
acute pulmonary condition, from pneumonia and influenza, to massive 
collapse. 

2. Dyspnea marks the degree of pulmonary plethora at which 
capillary engorgement has developed, and alveolar function is interfered 
with. 

3. Cyanosis means transmission of unsaturated blood amounting to 
6.7 per cent (Lundsgaard and van Slyke) of the total circulatory 
volume. It may be due to decreased ventilation or passage of blood 
through an atelectatic area. 

4. Increases in the pulse and respiratory rate are phenomena of the 
compensation effort. 

5. Cough and expectoration are due to the transudations into the 
tissues or even the air passages. 

6. Cold sweats are probably due to a compensation effort for loss 
of pulmonary evaporating surface. 

This symptom-complex takes on agonizing proportions in severe 
forms of respiratory failure. Under such circumstances circulatory 
decompensation phenomena become manifest, and the similarity to the 
condition of circulatory failure is great; hence, the traditional confusion 
of respiratory failure with circulatory failure. From the foregoing it 
is evident, however, that in respiratory failure it is pulmonary function 
that comes first to a stop. The circulation is then stopped short within 
the lesser circuit. Thus, death in respiratory failure is a genuine 
pulmonary failure, and not a cardiac failure. 

THERAPEUTIC CONSIDERATIONS 

I shall finish this discussion with remarks on the therapeutic side 
of the question. It should be emphasized here, that therapeutic results, 
when direct and clearcut, are the clinicians evidences to the correctness 
of his working theories and conclusions. They should be regarded as 
equivalent to experimental evidences. My contention that pulmonary 
atelectasis as it occurs in most pulmonary' diseases is the pathologic 
substrate of respiratory failure is fully borne out by the results of all 
modern treatments for pulmonary diseases. Itlost of the methods are 
actually based on these principles. 

To begin with, the most clearcut form of atelectasis is “massive 
collapse, and its prevention lies in obviating respiratory failure bv 
aitificia! stimulation of respiration in form of inhalations of carbon 
dioxide. T his is also the mo.st .successful treatment for this condition. 
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_ In a recent publication, Henderson and Haggard “ recoinmendecl 
inhalations of carbon dioxide as a prophylactic measure against a!! 
pneumonic processes and as a procedure which has been found to be 
effective in all such conditions known to cause pneumonia, such as 
postoperative states, asphyxias from gas, etc. The effect of inhalations 
of carbon dioxide under siidi circumstances is the establishment and 
maintenance of ventilation adequate to the existing pulmonary plethora 
and assurance of the transmission of the accumulated volumes of blood. 
In all critical stages of diseases of the lungs I empio}’ artificial 
stimulation and support of respiratory function with oxygen inhalations. 
In conditions in which respiratory compensation effort is deficient, this 
method is helpful. Frequentl}', howei'er, I have a situation in which 
overcompensation is the cause of a respiratory crisis, and in which 
stimulation is harmful. I see this conspicuously in the critical stages 
of pneumonia, in which the way of relief lies rather in depression of 
respiration, or reduction of pulmonary plethora. The salutary effect 
of morphine in just such critical pneumonias has always been a puzzle. 
The question has been investigated recently by Binger and Davis '■ by 
means of exact gas analyses carried out on a large number of patients 
with pneumonia. These w'orkers concluded that “the benefits obtained 
from administration of morphine by way of relief of distress, reduc- 
tion of metabolism, gain of sleep, outweigh the ill effects of reduction 
in ventilation, and increase of anoxemia.” It is evident that in the 
critical stage of pneumonia the jjulmonary' plethora is to be combated 
even at the price of increasing anoxemia. My most excellent weapon 
in the c'ombat against pulmonary plethora is bleeding. The effects of 
a copious phlebotomy in critical cases of pneumonia are frequently 
nothing short of miraculous. It is to be regretted that this powerful 
weapon of the therapeutic armamentarium of the fathers of medicine 
has gone out of fashion in modern medicine. Phlebotomy tackles the 
trouble at its root, and reduces venous return and with it also pulmonary 
plethora. Phlebotomy is the most effective treatment in a respiratory 
crisis of whatever etiology; it is the supreme treatment for pulmonary 
edema. 

The modern methods of treatment for chronic diseases of the lungs 
have snatched the secret of nature; they are doing the same thing more 
effectively. As was shown in this discussion, the natural tendency is 
to eliminate the affected part from function. In the presence of exten- 
sive lesions, however, nature meets with insurmountable difficu ties and 
here is where one’s methods come to the aid of nature and achieie 
collapse of -the affected parts. The effect of these procedures lies m 


11. Henderson, Yandell, and Haggard, H. W.: Hypervenlilalkn of tMs 
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the additional room that is thus provided for compensator}^ expansion 
of the hyperfunctioning parts of the lungs. This is what saves the 
life of a patient whose great pleural effusion is aspirated. This effect 
is expressed in the tremendous extensions of lung volume of the 
functioning side in therapeutic pneumothorax, thoracoplasty, etc. The 
effect is also manifest in the failures of these procedures. Pneumothorax 
of too great pressure or a defective functioning lung that cannot take 
advantage of the opportunity for expansion offered are the causes of 
the failures. It is a well observed roentgen phenomenon in collapse 
therapy, that after each successive collapse the opacity of the function- 
ing lung is increased at first. The reason for this is that after each 
collapse of the affected side, pulmonary plethora is produced in the 
unaffected side. But if pneumothorax pressure is not too high, and 
the lung is under no handicap (lesions or adhesions), the former 
resiliency is soon regained and even increased by further expansion 
and compensation. In pneumothorax work, this is the most reliable 
guide. Refilling should not be employed until the good lung has 
regained its former resiliency and production of collapse should cease 
when the functioning lung stops taking advantage of the opportunity 
for expansion offered. The respiratory failures arising after most 
successful surgical collapses are due to the failure of the functioning 
side to take advantage of the opportunity for expansion. 

Compensatory expansion is the only way to combat respiratory 
failure. In all clinical conditions of respiratory failure, pulmonary 
edema is produced because of lack of compensatory expansion, either 
ijccause there is not sufficient room or because there is not sufficient 
respiratory stimulus. Some patients with pneumonia die because the}' 
cannot effect sufficient respiratory’- compensation; others, because the 
solidified unyielding lung is in the way of proper compensatory expan- 
sion, The most clearcut evidence of this is the fact that even most 
desperate forms of respiratory failure may be successfully combated 
by the maintenance of respirator}’- expansions. Haven Emerson 
showed that persons with pulmonary edema ma}”- be successfully treated 
by artificial respiration, and he proposed this method for all forms of 
]5ulmonnry edema in man. 

CONCLUSIONS 

All pulmonary diseases, regardless of their etiology — mechanical, 
infectious or nervous — produce respiratory failure, either localized in 
a re.stiicted pulmonary area or general failure of the entire lung. The 
functional pathologic substrate of respiratory failure is pulmonarv 

13. EiiKTjon. H.avcn: Artificial Rc.spiration in llie Treatment of Edema of 
Uic l.imc'. .\rcli. hit. Med, 3:.3fiS (Mayl 1909. 
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atelectasis. The pathologic anatomic substrate of respiratory failure 
is pulmonary edema. 

The clinical substrate of respiratory failure is the “respiratoty^ 
failure syndrome.” 

Death in respiratory failure is death caused by apnea. The 
circulation is stopped short within the lesser circuit. 
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Cnvernous hemangioma of the scrotum is a comparatively rare 
disease. Including Robert’s case, described by Boullay, in 1851, I 
can find only ten cases listed in the literature. Of these, four were cited 
by Curling, as early as 1866, in the third edition of his monograph on 
diseases of the testis. Since then, as far as I am aware, no attempt 
has lieen made to consolidate the knowledge concerning this lesion. As 
I have recently had a patient with one of these neoplasms, it has occurred 
to me that a survey of the literature, with a brief history of my patient, 
sliould prove of interest, especially as modern textbooks give practically 
no consideration to the subject. Wyeth, in his “Text-Book of Surgery,” 
disposed of the condition by saying that it occurs. Johnson, in his 
“Surgical Diagnosis,” described a case, and Young, in his “Practice of 
Urology,” said that two such cases were observed in his clinic at the 
Johns Hopkins Hospital, but he stated none of the details. All of the 
other books that I consulted did not mention the subject. 

REPORT OF CASE 

A while boy, aged 17, entered the hospital on Feb. 1, 1926, complaining of a 
lump in the right side of his scrotum which he had first noticed five months earlier, 
following .1 kick received while playing football. At that time the tumor was 
on.il! ; from (he beginning, however, it greiv slowly though steadily, until it 
attained the sire of an orange. It had caused him no inconvenience other than a 
dragging sensation when he was on his feet. The growth was ovoid and reached 
above almost to the externa! abdominal .ring, where it merged with the cord. The 
focrlyiiig skin was normal in color and healthy, but was thrown into corrugations 
liy tbe underlying mass, to which it was lightly bound. A normal testicle could 
he distinctly felt at the bottom of the scrotum just behind the lower end of the 
su oiling. The neoplasm gave the impression of being composed of a congeries of 
blood vessels, matted and intermingled in the utmost confusion. It was tender 
on pressure, and did not visibly decrease in volume when the patient lay on his 
hac,. It (lid not pulsate, and no bruit could be beard. The contents of the left 
SI total sac Here normal. W'iiilc titc picture was unusual, it bore no resemblance to 
t lat of n hernia, for which the hoy had been sent to the hospital, or to a varicocele. 

S t ic iviticnt had undergone seven operations at the Johns Hopkins Hospital for 
angiomas of the right leg, llic first of which was performed four years and the 
•>st two scats ago, this was thought to be a similar condition, and was diagnosed 


' Snl'mitU'd lor publication, ,-\pril 29, 1929. 

* From the Surgical Department. University of Maryland. 
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0 Relation . — Operation was performed on February 2, with the patient under 
gas and ether anesthesia. The tilmor was dissected out cn masse through an 
incision 3 inches (7.6 cm.) long in the anterior surface of the scrotum As soon 
as the subcutaneous tissues were reached, a conglomeration of dilated, tortuous 
veins and arterioles, incompletely surrounding the cord and testicle, came into 
view. Here and there vascular offshoots were sent into the skin. The bulk of 
the mass, however, was located beneath the skin. The tumor was supplied by 
two veins, located deep in the perineum, running in the groove between the rectum 
and the root of the penis. These were doubly tied and divided. The growth was 



separated without much difficulty 1 "if the cord, 

removed. It was in no ff the pathologic department of the 

Dr. W. J. Carson, at the time on the sta microscopic e.^ami- 

University of Maryland, to whom die be made up of a large 

o. .... 

thrombi. .entfnl and the boy was discharged from 

The postoperative course was unev ^ rce.xamincd recently. The curt 

the hospital on February 2/ as cured. He «as 
has persisted. 
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CASES CITED IM THE LITERATURE 

Boullay described an erectile, subcutaneous neoplasm removed by Robert i from 
,Jbe scrotum of a man, aged 20, which had existed for twelve years. At the time 
of its onset the patient felt a sudden, abrupt pain in the right side of the scrotum, 
without known cause. Since that time his health had always been good, but the 
tumor had gradually increased in size. On the right side of the scrotum was an 
ovoid, bosscllatcd mass. The skin was unchanged in color, but one could see 
beneath it a violaceous tint. No bruit could be detected. The cord and testicle 
were distinctly recognized. The excised mass consisted of dilated, erectile veins. 

Ricord ’ described a case in a man, aged 29, who was admitted to the hospital 
on Nov. 20, 1855, with 3 tumor the size of the fist in the right side of the scrotum. 
It appeared to be congenital. When the patient was 11 years of age and again 
when he was 19, it became painful and inflamed without apparent cause. Nine 
years later, a third inflammatory crisis occurred. As the size of the tumor did not 
subside under treatment, t!ie man decided to have it removed. The growth was 
ovoid and measured 20 cm. in length and 8 cm. in breadth. It extended up to the 
external inguinal ring and surrounded the right testicle and spermatic cord. The 
skin was not discolored. It was hard and did not fluctuate. There were no 
appreciable beats or bruit recognizable by the ear or by touch. Ricord could not 
F recognize the cord or the testicle. He diagnosed the condition as an erectile, 
^venous tumor of the scrotum, and on November 29, with the patient under chloro- 
' form anesthesia, he proceeded to enucleate and excise it. The man was discharged 
as cured on Jan. 5, 1856. A microscopic examination made by Verneuil showed 
the growth to be an erectile, vascular neoplasm which had undergone inflammatory 
changes. It contained a number of small cysts filled rvith a serosanguineous 
fluid. 

Holmes’ reported the case of a boy, aged 10, who was admitted to the hospital 
on May 1, 1862, with a congenital, venous tumor of the scrotum. At first the 
growth had remained more or less stationary in size, but later it had increased 
decidedly ; the, growth Vas accompanied by tlic escape of blood from tlie urethra, 
though not in large quantities. The skin was intact and healthy over it, but it 
presented the venous color plainly. On palpation, numerous masses, more or less 
round and hard, could be felt. The cord could not be traced below the external 
ring, where it seemed to be lost in the mass. Nothing could be felt but a con- 
geries of greatly enlarged veins. There was no pulsation. On the other side, the 
scrotum and testicle were healthy. A short time after the patient was admitted to 
the hospital. Dr. H. C. Johnson proceeded to operate by passing three ligatures 
as deeply as possible under the mass, and tying them tightly around the tumor 
ami skin. This procedure diminished the bulk somewhat and appeared to have 
entirely checked its growth. On September 1, the boy was discharged as greatly 
benefited. After this operation, there was no recurrence of bleeding from the 
urethra. He was readmitted, however, on Jan. 20, 1S63, when he was placed 
under Dr. Holmes’ care. It was then thought best to place a ligature around the 
>.ise of the tumor. Two needles were accordingly passed in, at right angles, 

1. Robert, in Boullay; Bull Soc. anat. do Paris 20:194, 1851. 

-. Ricord, in Verneuil: Note sur une varietc rare ct peu connue dc tumeur 
tvs ciucloppes scrotnics; tumeur erectile veincusc congenitale developpce dans le 
ti"n cehtlairc dcs l>ourscs, Gaz. hebd. de mod. 0:581, 1859. 

10 Scrotum in a Bov. Tr. Path. Soc. Loud. 15:95, 
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hrougli the base of the tumor, as deeply as possible, and an India rubber band 
was ap^phed over them. This band gradually entered the scrotum to some distance 
but did not divide the whole of the base of the swelling. The suppuration e.xcited 
in the track of the needles was thought to have had considerable effect in con- 
solidating the vessels at the base of the neoplasm. In July, 1864, tliere had been 
no fresh increase in the size of the growth. At tliat time, the testicle could be 
plainly felt lying at the top of the tumor. 


Hewett mentioned having been called on to treat a patient who had a con- 
genital, vascular tumor of the scrotum in which the arteries were universally 
enlarged, some of them being the size of the radial, and from which alarming 
hemorrhage had taken place. The growth was arrested and cure obtained by 
subcutaneous ligatures. 


Rivington ^ reported the case of a man, aged 23, who was admitted to the 
hospital on Jan. 16, 1875. A tumor larger than a hen’s egg occupied the posterior 
part of the left side of the scrotum and extended into the perineum. Over the 
surface of the swelling, dilated veins were observed. To the touch, the tumor 
felt as if it was composed of enlarged veins mingled with little nodules of fibrous 
tissue scattered through it. At first the patient attributed it to a blow that he had 
received on the testicle a week before his admission. He said that he had never 
noticed a tumor in the scrotum before the injury, and that it had appeared sud- 
denly after the blow and had not increased in size. According to the father, when 
the patient was 10 years of age he had received a blow in the same spot from his 
brother’s knee ; that the part had swelled, and that he had had leeches applied to 
the scrotum. Under this treatment the swelling subsided. The patient verified 
his father’s statement, and said that the swelling had never wholly disappeared 
after the first injury. It seemed, therefore, most probable that the tumor was 
congenital, although it may have increased in size in consequence of the blows 
inflicted on it. On Jan. 28, 187S, the tumor was removed en masse, the surgeon 
making a longitudinal incision over it and dissecting it out. The cure was com- 
plete. Microscopic examination disclosed veins irregularly dilated. Small col- 
lections of fat and connective tissue were intermingled with the vessels. The 
structure was not that of an ordinary venous nevus. 


King” described the case of a white boy, aged 3 years and 3 months, with an 
enlargement in the left inguinal region which occurred suddenly and was accom- 
panied by pain. He saw the patient on May IS, 1893, and three days thereafter, 
when the operation was performed, he thought the tumor had increased to twice 
its former proportions. The case presented all the symptoms of a left, complete, 
irreducible, inguinal hernia. A herniotomy incision revealed a venous mass 
knotted and twisted on itself; so much did it resemble an intestine that, had not 
the signs of strangulation been absent, it could easily have been mistaken^ for 
a gangrenous intestine. The dilatation of the vein began about one la m 
(1.27 cm.) to the left of the symphysis pubis and filled the left side of the scrotu . 
The convolutions were contracted to the size of a goose-qudl at certain 
and at other points dilated to the size of the little finger. The growl i was o 


4 Hewett, in discussion on Holmes: Tr. Path. Soc. Lond. 15.95, 1S63 1864. 

5. Rivington: Vascular Tumor of the Scrotum; Removal; Recovery: 
Remarks, Lancet 2:608, 1877. 

6. King, G.: An Uncommon Venous Tumor of the Scrotum, Alabama M. Jc 
S. Age 7:238, 1894-1895. 
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to empty into a single vein. This was ligated. The entire mass was then removed. 
It Iiad no connection with the spermatic vessels. The patient was permanently 
cured. 

In 1908, Johnson' removed a congenital cavernous angioma of the scrotum 
from a man, aged 2G. The tumor had existed and grown steadily, though 
slowly, as long as the patient could remember. The mass of dilated veins and 
trabeculated blood spaces was as large as two fists when the patient stood erect. 
The venous channels communicated with two large veins running into the 
perineum in the angle between the bulb of the corpus spongiosum and the rectum. 
An illustration accompanying the article shows that the tumor was located on the 
left side. 

Guardia’ reported the case of a man, aged 45, who entered the hospital com- 
plaining of a tumor in the testicle. Since birth he had had in the scrotum a ' small 
dilated vein” which had never troubled him until five years ago. Eight months 
before, the mass had become large and tender, and on one occasion a profuse 
hemorrhage occurred. On e.xamining the genitalia, one found a circular, spongy', 
purplish mass, involving the skin and extending over the whole left side of the 
scrotum and the upper posterior third of the thigh. It could be decreased in size 
and blanched on pressure. No expansile pulsation or bruit could be determined. 
The tumor was excised under spinal anesthesia. It extended well into the deep 
layers of the periurethral and perianal tissues. The mother veins were the 
internal pudcndals. The man was completely cured. 

Young” furnished no detailed information concerning the two cases mentioned 
in his text. One he lists as case 7829. The patient was admitted to the Johns 
Hopkins Hospital for an angioma involving the scrotum, penis and the under 
surface of the thigh. 

He dismissed the topic with the statement that hemangiomas in this region 
are rare venous varices, independent of varicocele, there having been only two 
cases in his clinic in which sucii varices involved the scrotum, penis and tlie under 
surface of the thigh. In the second instance,” the case is registered as case 8231. 
1 he treatment employed in both cases, though Young did not say so, was 
apparently excision of the vascular tumor. 

COMMENT 

Of llic aforementioned cases, only eight are described in sufficient 
detail for analytic purposes. These show a striking similarity in the 
method of their onset, development and symptomatologj'. In all, the 
disease began during the first or second decade of life as a small growth 
which gradually but steadily increased in volume to a size varying 
between that of a hen’s egg (Rivington’s case) and that of two fists 
(Johnson s patient). Occasionally the onset was abrupt, without known 
cause ; at other times, the lesion was attributed to an injury. In none 

A. B. : Angioma of the Scrotum, Surgical Diagnosis, cd. 2, 
Now \ork. D. .Appleton & Company, 1911. vol. 2, p. 713. 

'. Guardia, 1. dc la: Cavernous Hemangioma of the Scrotum, Fourteenth 
iitlua vijinri. Uiiiicd Fruit Company, Medical Department, 1925, p. 137. 

' . H. H.: Hemangioma of the Scrotum. Practice of Urologv Plfila- 

' ’■ Comp.any, 1926. vol. 1. p. 711; see illustration on p. 4/0. 

. Aoung (foninotc 9; .wc illustration on p. 479'). 
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of the patients was the general health affected. In King’s patient there 
was local pain, and m my patient a dragging sensation when he was on 
his feet. Examination revealed a tumor occupying either the right or 
the left half of the scrotum, with the overlying skin thrown into a series 
of hummocky folds. The skin itself, however, was healthy, intact and 
of a natural color, though the contained blood might be seen gJiinmering 
through it as a bluish streak. In every instance, the growth was confined 
almost entirely to the subcutaneous tissues and had no connection with 
the spermatic vessels. It was always unilateral. In none were heats 
or bruit felt or heard. The neoplasm was ovoid and more or less hard 
and lumpy. All of the patients were cured by operative measures, either 
by subcutaneous ligation, as in Holmes’ and Hewett’s cases, or by 
excision en masse. A remarkable feature of Holmes’ case was the 
escape of blood by the urethra; this bleeding ceased after the first 
operation, never to recur. The growth showed no preference as to the 
side on which it appeared. Of seven cases in which this feature was 
mentioned, the tumor occurred in the right scrotal sac in three cases 
and in the left in four cases. The ages of the patients ranged from 
3^ to 45 years, respectively. Of more significance, however, was the 
age at which the tumor appeared, 

Guardia considered tumors of this type as vascular new growths 
and not dilatations of already existing vessels, as suggested by Adami. 
Mallory regarded them as the product of endothelioblasts, and classified 
them as endotheliomas. He thought that the growth begins in the veins 
rather than in the capillaries, and at first takes the form of endothelial 
folds supported by a small amount of connective tissue, thus resembling 
the valves of the normal veins. As the tumor continues to grow, it 
becomes thrown into numerous folds which obstruct and dilate the 
vessels until their walls give way to pres 5 ure and permit the angioblastic 
mass to escape and invade the adjacent tissue. 

The treatment is complete eradication of the growth by excision. 

While a vascular tumor of this type in the scrotum is at most a 
comparatively minor ailment, I believe the infrequency of its occurrence 
at this site is sufficient justification for placing an example on permanent 
record and for calling attention to the few' cases in the literature. 



SURGICAL WOUNDS IN HUMAN BEINGS 

A HISTOLOGIC STUDY OF HEALING WITH PRACTICAL APPLICATIONS : 

I. EPITHELIAL HEALING * 

SHATTUCK W. HARTWELL, M.D. 

Fc\\ow in Surgery, The Mayo Foundation 

ROCHESTER, MINN. 

Accurate knowledge of the process of epithelial repair in wounds 
is essential to a proper understanding of the clinical treatment of sur- 
faces over which it is desirable to procure a covering of epithelium. 
In a recent histologic study of eighty-nine surgical wounds in all stages 
of healing in human beings, it was found that there are two distinct 
tvpcs of healing, epithelial and fibrous. Neither of these types falls 
directly into the e.\'isting descriptions of methods of tissue repair as 
taught in textbooks. As the two types of healing are distinct processes, 
and but little related to each other, they will be described separately. 
Tills jiapcr will be confined to a description of the healing of 
epithelium, with clinical application of the observations. 

.An extensive review of the literature relating to epithelium in 
wounds and epithelium in tissue culture was made. Some basic facts 
concerning the potentialities of the individual epithelial cell were 
uncovered, the knowledge of which is important in arriving at a con- 
ception of epithelial healing; 1. The epithelial cell is potentially a 
motile cell, capable of progression over a suitable surface. It moves 
by means of pseudopodia.^ It grows in tissue culture in continuous 
or branclied membranes, the peripheral cells of which present 
jiscndopodic processes. 2. The form of the epithelial cell in cultures 
depcmls directly on the ty}x; of base on which it rests. In' fluid 
it hecomes spherical, on a fiber it becomes stretched out and closely 
aiiplicd to the filler. Stationary on a flat surface, it is round with a 
round nucleus, but in motion the same cell may become very^ long, flat 
and elliptical. .All of these facts must be borne in mind in the 
interpretation of histologic pictures of epithelium. 

Ibc distinctive feature about epithelial healing is that it is a true 
outgrowth of new tissue from preexistent, functioning tissue of like 
kind. \ ascular endothelium, alimentary epithelium and probably 

* Submitted for publication, May 29, 1929. 

' Abridgment of thc.ds submitted to ibe Faculty of the Graduate School of the 

V my(r<:!ty o! Miimcsola. in partial fulfilment of the requirements for the tlettree 
of M.auer of .Science in Surgery. 

V KF * Culture, Ccpcnliagen, Levin & ^funksgaard, 1925, 
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glandular structures apparently heal by means of the same type of 
process. Fibrous healing, on the other hand, takes place by the rapid 
production of a “fill” of new fibrous tissue between the severed portions 
of the preexisting fibrous structures, producing tissue union without 
true growth of new tissue from old tissue. Indeed, the term “growth” 
as applied to tissue is. too loose a word to use with accuracy. It 
indicates only increase or enlargement without expressing the means 
of increase or enlargement. 

The normal stratified squamous epithelium of the surface of the 
body is described in five Ia 3 'ers; from without in (fig. 1) these are; 



Fig. 1. — Normal human epithelium; a, cornified layer; b, granular lajcr; c, 
prickle cell layer, and rf, basal cell layer; X 500. 


(1) cornified, or keratinized layer (dead cells); (2) stratum 
lucidum (rarely evident on other than palmar and plantar surfaces, 
composed of dead cells, and not considered in this paper) ; (3) granular 
layer (dead or dying cells); (4) prickle cell layer, malpighian Ia}er 
or stratum mucosum (by some the lowermost cells are considered the 
germinal layers), and (5) basal cell layer, or palisade layer (more 
commonly accepted as the true germinal layer from which all other 
layers arise). 

It is the basal cell layer which lies in contact with the dermis 
of the skin and which is considered to consist of the least differentiated 
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and most primary epithelial cells. The overlying layers, then, are 
formed by differentiation of the more embryonic basal cell in the 
process of keratinization. It is strongly suggested by the observations 
made in these human wounds that the primary epithelial cell is not 
the basal cell, but is the prickle cell of the mucosal or malpighian layer. 

Although such a conclusion seems radically at variance with the 
present teachings of histology^ in the literature there is considerable sup- 
port for it. Loeb, in 1892, arrived at the same conclusion after studying 
experimental wounds in guinea-pigs, and he and his associates have 
since done much work to substantiate it. In fact, these observations 
in human beings correspond almost exactly with those described by 
Loeb - in guinea-pigs and later in the rat and the pigeon.^ As controls 
for these observations in human beings 101 wounds from one hour to 
fifteen days old were studied in guinea-pigs, rabbits, dogs and swine. 
The observations in the animals used as controls exactly paralleled 
those in human beings. 

THE HEALING MEMBRjtNE 

Grossly, about the margins of healing burns or ulcers there exists 
a thin membranous “outgrowth” of epithelium which lies on the denuded 
surface. In dry wounds this is usually adherent, but in wounds with 
considerable exudate it is possible to insert a thin instrument under 
this membrane and to lift it from its base. Such a “healing epithelial 
membrane” is found in all healing wounds, although its form may 
be greatly varied by local physical conditions, such as the type of sur- 
face it rests on and the amount of moisture in the wound. The mode 
of formation of this “healing membrane” and the factors influencing 
it are not generalh- understood and therefore bear description. 

Perhaps the most common impression of the process of epithelial 
regeneration in healing of wounds is that, since the basal lay'er of the 
old epithelium is the regenerating layer, there occurs a rapid increase 
in mitotic division in the basal layer peripheral to the wound, which 
results in a large increase in epithelial cells about the margin of the 
wound. Ihc new cells then get out in some way onto the surface 
of the wound as a direct extension of the surrounding basal layer. This 
])iimary basal layer then produces more cells which pile up above the 
basal layer to produce the normal prickle cell and granular and cornified 
!a_\crs of epithelium over the area of the wound. But this does not 
seem to be the process in human tissue. 

2. Loeb, Leo; Ueber Regeneration dcs Epithels, Arch. f. Entwcklngsmcchn 
(1 Organ. G:297, 1898. 

.\ Lex'b, Leo: A Comparative Study of the Mechanism of Wound Healiiw 

-Ucd. Kcscarcl) 41:2-17, 1920. 
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Special Sir net lire. —in a wound one day old the hnri • 

derm s. This extension membrane" is not formed by a lateral out- 
of the basa cell layer. Instead, the upper cells of the priS 
cell layer become elongated, they extend down over the cut eL of 
the other epithelial layers and the most distal cells lie directly on the 
exposed dermic fibers. The topmost cells become cornified, with 
e result that there appears to be an active extension directly into the 
wound of the uppermost prickle cell, granular and cornified layers, 
ouch a condition is shown in figure 2. 



Fig. 2. — First stage of epithelial extension into a wound one day old, in a 
human being. There is elongation of the upper prickle cells with e.xtension o\er 
other epithelial cells onto the denuded dermis; the exposed cells are cornified and 
there is no outgrowth of a basal layer; X 700. 


By the time three days have passed, this extension of the epithelium 
may reach for a considerable distance over the denuded dermis; in figure 
3 is shown a typical advancing epithelial membrane. Such a membrane 
is always closely applied to an underlying base. It is thinnest at the 
end most advanced into the wound and is as thick as the old epithelium 
where it arises from the old epithelium. At its point of origin it still 
appears to be a direct continuation of the upper layers of the old 
epithelium. Cornified material overlies it for most of its ^ length. 
According to the usual criteria of form and staining qualities of 
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epithelial cells, the cells composing the membrane should be highly 
differentiated, squamous, pavement cells and they should be either dead 
or dying, like the granular cells of tlie old skin. Such a membrane, 
however, or some variation of it, is the only structure that is constant 
in wounds that are known to be healing. The cells that appear dead 
are therefore ver}' much alive and active. The cells themselves are 
long and flat and stain darkly; their long rodlike nuclei stain very 
darkly. Aside from the shape of the cells in the membrane, the two 
most striking observations are that it appears to arise by an elongation 
and movement outward of the uppermost cells of the old 



Fig. 3 — Typical epithelial healing membrane on compact fibrous tissue m a 
wound three days old, in a human being. The membrane adheres to the underlying 
surface and is continuous with the upper cells m the old epithelium There is no 
basal layer and cornified cells overlie the membrane. A thick layer of purulent 
debris overlies the epithelium; X 60 


epithelium, and that there is under it no semblance of a basal layer 
of cells. A third observation, namely, that mitotic figures are 
nowhere to be found either in the old or in the new epithelium, indicates 
that the membrane is formed by the preformed cells of the old epithelium 
which actually move out over the defect. Applying here the fact 
ascertained by tissue culture, that the shape of the cell depends on its 
supporting structure and rate of motion, the conclusion is reached that 
the long, flat appearance of the cells of the membrane is due to their 
being cells that are in active motion into the wound. 
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Such a conclusion is substantiated by the finding of rather typical, 
round, pale, epithelial cells clumped at the end of a menibrane, or in 
depressions under it in places of evident stagnation. Such cells must 
arise from the long, flat membrane cells for they have no other means 
of ai rival at their situations, nor any connection with the old 
epithelium than through the membrane itself. Even where such 
lounded cells pile up, as in the older portion of the membrane or in 
depressions under it, there may be no evidence of a basal layer. Thus, 
all the epithelial cells in the area of the wound arrive at their ultimate 
situations by means of their movement into the wound from the old 



Fig. 4. — Higher magnification of section in figure 3, showing the typical appear- 
ance of cells of the membrane, the direction of axes of cells in the membrane, 
absence of a basal cell layer and cornified cells overljing the membrane. Tlie 
membrane is advancing from right to left; X 900- 

epithelium, through the healing membrane. That this is so is shown 
also by the axes of the cells. In the old epithelium the} oterlap in 
a manner such that their axes point toward the membrane, whereas 
in the distal membrane the reverse is true; each cell next the dermis 
appears to have passed above the cells next nearest the old eph le lum 
and then in turn to have come to rest itself on the fibrous base (fig. )■ 
Origin of Nexv Basal Layer.-h basal layer appears under the 
membrane late in the process of healing. The new basal cell a} 
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occurs in areas of cellular stagnation under the advancing membrane, 
where the deeper lying cells of the membrape have become rounded. 
This observation is of great interest. Since the cells in the membrane 
are derived chiefly from the preexistent cells of the upper layers of 
the old epithelium, and since the epithelial cells in the wound all are 
derived from such a source, unless a basal layer, as such, grows 
out from the old epithelium secondarily and under the membrane, 
whatever basal layer is formed under the new epithelium must be 
derived from the prickle cells of the old skin. There is no indication 
that there is at any time a true lateral extension of cells of the old 
basal layer other than that such cells may occasionally contribute to 
the formation of the membrane. Thus, the newly formed basal layer 
is derived from preformed prickle cells which have actively wandered 
into the denuded area. In the healing of wounds, thereforer.the prickle 
cell must be considered the primary epithelial cell. 

Occurrence of Mitosis. — After the wound is closed over with 
epithelivun, or after about the fifth day, increasing numbers of mitotic 
figures may be found. The great majority of these are in the old 
epithelium, and they are by no means confined to the basal layer of 
the old epithelium. Likewise, under the older portions of the membrane, 
mitotic figures may be found in stagnant cells, but not in great numbers. 
Once the two membranes from opposite sides have united, the creation 
of the normal epithelial structure over the wound takes place by a 
continued increase of cells in the wound both by migration of cells 
from the borders of the wound and by local multiplication of cells. 

The covering of a surface with epithelimn is due, therefore, 
primarily to the motion of cells, and mitosis is of secondary importance 
in the essential process of covering the denuded area with epithelium. 

Factors Influencing the Rate of Epithelial Outgroivth. — One char- 
acteristic of the epithelial membrane must be stressed. It always 
follows the available base. This in itself strongly points toward the 
extension of the membrane as due to ameboid motion, for it is incon- 
ceivable that cells move b)’- themselves, without support. Tissue culture 
pioves a base to be necessary for the motion of cells. If the cells 
were simply “juggled” out into the wound by tension existing in the 
old epithelium, or merely pushed out by rapid increase of their mmibers, 
it would not be likely that they would alwa3's cling to the underlying 
structures as they do. 

The tendency to follow the available base is so great that the 
membrane will advance in whatever direction the base leads, even 
trough it lead directly away from the opposite side of the wound. 

rus, every ci'evice and split in the underlying dermis or scar tissue 
ecomes covered with epithelium and underlying spaces are prevented. 
If the membrane meets a mass of cellular or fibrinous debris which 
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all of them. In this manner, eventually the tips of the two opposite 
membranes come m contact with each other over some surface no 
matter hote .rregolar, which extends from one epithelial margin to’ the 

The type of base underlying the membrane appears to influence 
le form of the cells of the membrane and at the same time the rate 
o a Vance of the tip of the membrane into the wound. Tlie 
membrane on compact fibrous tissue, such as that seen in figure 3, is 




Fig. 5. — typical epithelial membrane on a loosely compacted base in a wound 
three days old, in a human being. A short membrane and swollen cells are shown, 
and there is absence of a basal cel! layer; X 80. 


long and thin, with long Bat cells. If the advance is made over a poorly 
compacted base, whether dermis itself or "scab,” the cells are less long 
and flat and the membrane as a whole is shorter (fig. 5). Fat tissue not 
covered with connective tissue fibers appears to be inimical to normal 
epithelial progression, for membranes on fat are very short and 
“swollen” ; although two membranes are united over a sliort length of 
intervening fat, a basal layer does not appear even after seventy-three 
days. 
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The tendency of the epithelium to follow tlie available base leads 
to an interesting obseivation (fig. 6). In all of the wounds examined, 
the epithelium dipped directly into the incision ovei the cut ends of the 
dermis for a variable distance. This distance was detei mined chiefly 
by how much fat or new fibrous tissue was pushed up between the 
dermic ends fiom the subcutaneous tissues As for any healing activity 
in the deimic ends themselves, there is none They aie ineit. 


Fiff 6 —Transverse view of an apparently well healed incision ten days old, in 
lunian skin The epithelium dips deeply into the incision, resting on the ends of 
the dermis, and the dermal ends are inert, X 18 



Fiom such observations it must be concluded that one of the chief 
factors determining the rate of advance of an epithelial membrane is 
the type of base over which the membiane must progress Closely 
compacted fibrous tissue appears to be the optimal base Fat is the 
least fav'orable base 
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Curiously enough, cornified material (Bg. 4) overlies all but the 
most recent portions of the advancing membrane, giving the appearance 
of active extension of the cornified layer of the old epithelium into the 
wound. Such an active function for a dead structure is inconceivable. 
The more probable explanation is that cornification is related to tlie 
exposure of cells and the resultant cellular death. As the cells form 
the membrane, the topmost cells become exposed, with the result that 
they die and become cornified. The accretion of newly exposed cells 
at the terminal end of the cornified layer thus produces the appearance 
of active extension of the cornified laj’er into the wound. 

From these observations another factor determining the rate of 
epithelial advance can be derived. Cornification or hardening of the 
exposed cells follows the advance of the membrane. This process 
demands the death of*the cell, and this promptly removes the cell from 
those moving into the defect. If the amount of cornification is increased, 



Fig. 7.— The mode of formation of the healing epithelial membrane in wounds 
of human beings. The drawing shows the origin of membrane cells from prickle 
cells, cornification of the topmost or exposed membrane cells, producing a direct 
continuation of cornification into the wound, rounding up of cells m stagnant areas 
under the membrane and the membrane following the available base, a indicates 
cornified layer ; b, granular layer, c, prickle cell layer ; d, basal cell layer, and c, 
point of incision. 

it is obvious that the rate of advance of the membrane must suffer. 
The rate of cornification of the cells of the membrane, therefore, 
must be considered an important factor in the rate of epifliehal out- 
growth. Figure 7 is a diagram of the healing membrane, showing its 

various characteristics. 

CLINICAU applications 

The two factors which determine the rate of epithelial advance 
are susceptible to variation by clinical treatment. Indeed these two 
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factors must be the basis of many well established clinical precepts of 
the management of wounds which have been arrived at empirically. 
In the first place, infected wounds are known to obtain their covering of 
epithelium more slowly than clean wounds. Under the microscope, 
three conditions obtain in infected wounds in greatly exaggerated 
degree: 1. There is an increased number of cornified cells overlying 
the healing epithelial membrane. 2, There is likel)^ to be loose granula- 
tion tissue, presenting a greatly increased surface to be covered by the 
advancing membrane, with the additional hazard of man)' deep clefts 
which must be filled with stagnant cells of the membrane before the 
membrane can proceed in its further advance into the wound proper. 
3. There is likley to be much loosely compacted wound debris, over or 
through which the branches of the membrane will grow, only to be lost 
when the debris sloughs off or is torn off in the dressing of the wound, 
or Over which the normal epithelial layered arrangement does not take 
place. At once, the actual effect of infection on the epithelium in a 
wound becomes translated into the two factors which determine the 
rate of the process of covering with epithelium; these are the rate of 
cornification of the advancing cells and the material and structure 
of the base presenting for the support of the advancing membrane. 

From such a correlation of clinical and histologic observations, it 
must be assumed that the best way to hasten the process of covering 
with epithelium is to secure in a wound conditions the chemistry and 
physics of which provide the least amount of exposure inimical to the 
continued life of the advancing cells of the membrane, thus reducing 
the rate of cornification in the membrane, and to provide a suitable 
base for the epithelium to adhere to and to move on. It is probable 
that all wound dressings have their good or ill effect according as they 
fulfil such requirements. Any increased rate of healing after treatment 
is due to the reduction of conditions inimical to the epithelial advance, 
thus permitting the epithelium to “grow” at its optimal rate. 

There is nothing new in the suggestion that the type of base deter- 
mines successful epithelial outgrowth. In skin grafting with Reverdin 
or Thiersch grafts it always has been stressed that the base must 
clinically be “clean and healthy,” and free from infection, and fluid 
must not be allowed to collect between the epithelium and the base. 
Moist dressings are carefully applied so as to reduce to a minimum the 
amount of exposure of the healing cells. 

Again, it is doubtful that anything so drastic as the application 
of the cautery to the edge of a delicate epithelial membrane is actually 
stimulating to the cells of that membrane. Cauterization coagulates 
the accumulated serum and the loose!)' grouped granulations, thus 
providing in another manner a suitable, compact base for epithelial 
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prop-ession A^arious inethods of applying pressure and protection 
same widf petrolatum, gauze, sponges, etc., all fulfil the 

Thus, the benefit, jf any, of any particular method of wound 
diessing may be looked for in its action toward procuring; (1) a 
satisfactory base for the epithelium to wander out on, and (2) physical 
and chemical protection for the cells of the membrane against an 
inimical environment which would cause increased cornWcation of the 
liealing cells. 


As Mills has said concerning this work, it “has much to do witli 
die histogenesis of epithelial tumors of the skin.” Later, Dr. Mills 
intends to publish the results of his investigation in this field. 


CONCLUSION’S 

1. The living cells of normal human epithelium are potentially 
ameboid cells. 

2. In the healing of ivotinds covering with epithelium takes place 
through the ameboid movement into the wound of cells from the 
surrounding epithelium. Such moving cells form an "extension 
membrane.” The process of covering with epithelium is completed by 
the union of two such membranes from opposite sides of the wound, 
followed by the rearrangement and multiplication of the cells of the 
membrane. 

3. Mitosis occurs secondarily to cellular movement and late in the 
process of healing. 

4. The majority of the cells which form the extension membrane 
are derived from the prickle cell layer of the old epithelium. 

5. A basal cell layer is formed under the epithelial outgrowth by 
a rounding up and alineinent of the lowermost cells of the membrane, 
rather than by outgrowth of cells from the old basal layer. 

6. The prickle cell of the normal epithelium is therefore capable 
of becoming the basal cell in the epithelium of the scar and must be 
considered the primary cell in the regeneration of epithelium in the 
healing of wounds. 

7.. The formation of the healing epithelial membrane is dependent 
on a supporting base suitable for the movement of epithelial cells. 

8. The base available for the support and advance of the epithelial 
membrane is the chief factor determining the time and place of the 
union of the epithelium from the two sides of the uound. 

9. The rate of cornification of cells of the membrane is also a 
determining factor in the rate of the process of covering with 
epithelium. 


4, IMills, R. C. : Discussion, 


Proc. Staff Afeetings Mayo Clinic 3:247, 1928. 
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10. The chief causes of delayed epithelial healing, therefore, are 
the existence of a supporting wound surface unsuitable for progression 
of epithelial cells, and rapid cornification of the cells of the membrane 
due to inimical chemical or physical environment. The conditions just 
named are accentuated in infected wounds. 

11. Any beneficial effect of a particular method of dressing wounds 
may be referred to its action toward producing a more suitable base 
or more suitable environment in which the epithelial cells may grow 
out normally. 
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The present study is based on a series of fourteen cases of primary 
■carcinoma of the fallopian tube. This is, we believe, the largest series 
that has yet been studied in any one clinic. Five of the patients were in 
the Johns Hopkins Hospital ; the remainder were operated on in neigh- 
boring hospitals, all but two by members of our staff, and the operative 
specimens were brought to this hospital for study. Seven of these cases 
have already been reported at various times by Hurdon,^ Vest^ and 
Cullen.® In order to bring the series down to date and complete it, the 
entire group has been included and studied in this summary. It is 
fortunate that we have been able to obtain fairly complete clinical and 
pathologic data and follow-up records in every case. 

FREQUENCY 

Primary carcinoma of the fallopian tube is one of the rarest of 
g}mecologic conditions. In 1925, Liang ^ collected reports of 214 cases 
trom the entire medical literature. Since that time, additional cases 
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have been reported by Barrows'* (3), Covarrubias ® (1)> Heil (^)> 
Kurtz® (1), Bower and Clark® (l),Vest® (1), Callahan^® (1), Biilte- 
mann“ (1), Kittler*^ (1), Cameron « (2) Standa^^ (1) and Scott 
and Oliver (2), a total of 16 cases. Including all, there are probably 
not more than 230 cases on record. 

It is interesting to compare the incidence of primary tubal cancer 
with that of other gynecologic diseases. In the Johns Hopkins Hospital, 
for example, in 35,000 patients with gynecologic conditions there have 
been only 5 cases. In 1927, Barrows = stated that there had been only 3 
cases in a series of 30,000 patients with gynecologic conditions treated 
in the Bellevue Hospital of New York. S. J. Cameron of Glasgow 
remarked in 1925 that primar}' carcinoma of the fallopian tube was 
such a rare condition that many gynecologists had never encountered it. 


RACIAL PREDISPOSITION AND AGE 

Liang brought forward the observation that of 214 cases, reports of 
which he had collected, 107 occurred in German}*, 26 in France, 23 in 
England, 13 in Austria, 8 in Hungary, 6 in Russia, 5 in America and 
the remainder in various other European countries. It is difficult to 
believe that this observation has any significance as far as racial sus- 
ceptibility is concerned; we rather think that it merely indicates the 
relative regularity with which gynecologists and pathologists in various 
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countries record their unusual cases. Since 1925, 6 new cases have been 
reported in Germany and 14 (induding tlie present series) in America 
ihe age incidence is about the same as it is for carcinoma in gen- 
eral, most of the cases occurring between the ages of 40 and 60. One 
c^e was observed in a woman, aged 70, and one in a woman of 25 
(Bower and Clark''). 


PREDISPOSING FACTORS 

Salpingttis.—ln 1895, Sanger and Barth stated that primary car- 
cinoma of the fallopian tube had its origin in the irritation produced by 
chronic salpingitis, and since that time much evidence has been advanced 
to support or refute this supposition. The proponents of this theoiy 
point to the fact that in a large number of cases there are definite signs 
of chronic tubal inflammation. Thus, in one of the cases that we are 
reporting (31798), it is certain that the patient had had salpingitis for 
at least four years, undoubtedly'^ of gonorrheal origin. Four of our 
fourteen patients had salpingitis at the time of operation. Cameron 
recalled the unusual coincidence of pyosalpinx and cancer in a patient 
operated on by Lawson Tait. 

It is impossible, hoivever, to determine the number of cases in which 
salpingitis has preceded the development of carcinoma, not only because 
of the lack of detailed histories in the recorded cases, but also because 
the tumor itself may produce a chronic inflammatory reaction, which, 
according to Doran,'"' may close the tube and simulate hydrosalpinx. 
Although four of our cases showed tubal inflammation at the time of 
operation, in only' one were we certain that the salpingitis was an inde- 
pendent process which had antedated the development of malignant 
disease. The relationship between cancer and tuberculosis is even more 
remote, for only six cases are on record in which these conditions existed 
simultaneously in the fallopian tube. Even if in every' case it could be 
demonstrated that tubal cancer had been preceded by chronic salpingitis, 
one could hardly draw any definite conclusions because of the e.xtreme 
disparity' in the frequency of the two diseases, cancer being the rarest and 
salpingitis the commonest of tuba! diseases. After careful study' of all 
of the recorded cases, Wechsler,^’ Vest and also Liang apparently hesi 
tate to accept the opinion of Barth and Sanger. It seems to us, also, that 
one would hardly be justified in assuming that salpingitis plays any 
notable role as a precancerous lesion, although it is impossible to deny 
that chronic irritation may precede malignant metaplasia. 

There is, however, another side to the question. For if chronic 
salpingitis may possibly be an unfavorable factor which predisposes 
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toward cancer, it also plays the favorable role of setting up an effective 
temporary barrier against the early dissemination of the malignant 
growth by closing the tubal ostium. 

When the tube is sealed, the growth may assume enormous propor- 
tions and many months may pass before it breaks through the tubal 
walls. On the contrary, if the tube is open, bits of the cancer escape 
into the peritoneal cavit}’’ earty in the course of the disease, and this 
dissemination soon causes death. Furthermore, the pressure of the fluid 
and the tumor in closed tubes causes sharp pain and forces the patient 
to seek medical assistance quickly ; when the tube is open, however, there 
may be no definite s)'mptoms until the abdomen begins to enlarge because 
of ascites and peritoneal metastasis. Hence, we feel that in such cases 
salpingitis may prove to be a blessing, though considerably disguised. 

It is interesting to contrast the uterine and tubal epithelium as 
regards other factors that might be concerned in the development of 
cancer in view of its frequency in the one and its rarity in the other 
organ. Both tissues arise from the mullerian ducts. The uterine epi- 
thelium is extremely active and is always in a state of menstrual transi- 
tion; it undergoes tremendous hjq^ertrophy during pregnancy and is 
exposed to injury and trauma much more frequently than is the tubal 
mucosa. Moreover, tliere are three different types of uterine mucosa, 
and it is well known that carcinoma seems to have a tendency to develop 
at points where two types of epithelium meet. In contrast, the tubal 
epithelium is remarkably inactive and is well protected. Although it 
exhibits cyclic changes corresponding with the menstrual phenomena, 
they are slight. There is no recurring monthly desquamation and 
regeneration, and even during pregnancy the tubal mucosa alters little. 
Consequently, these circumstances produce a situation which offers scant 
opportunity for cellular overgrowth, hyperplasia or unusual cytologic 
activity. Whether or not these factors are of any consequence is merely 
a conjecture. 

PATHOLOGY 

Sanger and Barth divided primary tubal carcinoma into two types, 
papillary and papillo-alveolar, and this classification has been generally 
quoted. Friedenheim added a third, the alveolar wall type. In 1925, 
Liang made a careful pathologic study of the subject and arrived at the 
conclusion that the various types which Sanger, Barth and Friedenheim 
had suggested were only stages of one process and did not represent real 
morphologic differences. He consequently contended that their classi- 
fication was arbitrary and unnecessary. It is quite certain that in our 

18. Friedenheim, Bernlmrd; Beitrag zur Lehre vom Tubencarcinom ; Ueber 
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36:342 (June 19) 1859. 
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cases one can find ail of the foregoing types represented, except the 

alveolar wall ’ type of Friedenheim, which we have never seen. In 
almost every individual growth, moreover, there are areas that are dis- 
tinctly papillary, others alveolar and others solid. On the basis of the 
cases we have studied, we agree with Liang that fundamentally the 
Uimors are identical histologically, exhibiting only such minor varieties 
in growth and morphology as one would naturally expect. Fnrtliennore, 
we have been able to offer no differentiation as to grades of malignancy' 
judging either from the histology of the growth or the clinical end- 
result. Although it may be true that some tumors are largely alveolar 
and others papillary, there is at present no evidence that thev are 
inheiently distinct or that their behavior is different in regard to malig- 
nancy, methods of extension or clinical characteristics. This phase 
of the subject merits further study as new series are reported. 

The lesion is usually situated in the middle or outer third of the 
fallopian tube. Depending on the size of the growth and the patency 
of the fimbriated extremity, the gross appearance of the tube varies. If 
the abdominal ostium is closed, the tube may present every appearance 
of a hydrosalpinx, except that it is often bluish or purple, because of the 
dark color of the enclosed fluid. A coexistent salpingitis, pyosalpinx or 
tubo-ovarian cyst may completely mask the situation. The tube is often 
adherent. On opening it, one finds the pale, papillary growths of 
variable size. Some of them are attached by such slender pedicles that 
they break off and float out with the dark, coffee-colored fluid. When 
the tubal ostium is open, these masses may be clearly visible at tlie 
fimbriated extremity. In such cases, one usually finds peritoneal 
metastases and at times ascites. 

The neoplasm has its origin in the mucous membrane of the tube. 
Various stages of metaplasia may be observed in any one case. In some 
areas the tubal epithelium is markedly hyperplastic, and small papillap’ 
growths re]Dlace the fine wavy tufts of normal mucosa. In these papil- 
lae, there is little connective tissue framework, the growth consisting 
chiefly of single layers of tubal epithelium, arranged in glandlike pat- 
tern, suggesting the picture found in adenocarcinoma of the endo- 
metrium. The epithelial cells themselves show no abnormal change, but 
the pattern shows malignant disease. 

In other papillae in which the process is further advanced, there is a 
heaping up of the epithelium so that it may be several layers thick or 
may even form solid nests of cells. The cells become more and more 
irregular in shape and atypical, and the nuclei are hypcrcIironiatic._ One 
could entertain no doubt as to the presence of a malignant condition in 
these papillae. 

As the papillae enlarge and pre.<;s against each other, tliey unite to 
form solid masses of tissue. The alveoli arc filled with a hyaline sccrc- 



IVHARTON-KROCK— CARCINOMA OF FALLOPIAN TUBE 855 

tion, and the papillae tend to lose their individuality. Mitotic figures, 
lymphocytic infiltration and occasional areas of necrosis appear. This- 
stage corresponds with the so-called papillo-alveolar type. 

In primary carcinoma, the tubal growth is predominantly inward, 
toward the tubal lumen, and the masses usually fill the tube and distend 
it before there is the slightest tendency to invade the muscularis. This 
was the situation in all of our cases. In one, reported by Cullen, the 
tube formed a large cystic mass that reached the umbilicus and W'as 
filled with fluid and carcinoma (fig. 2) ; yet, in spite of the size of the 
growth, the tubal wall was everywhere intact, although it was so stretched 
that it was only 2 or 3 mm. thick. In advanced cases, the tumor may 
invade the adjacent tubal wall superficially; as a rule, however, metas- 
tases occur elsewhere long before that happens (figs. 1, 2, 3, 4 and 10). 
This is, indeed, a most striking phenomenon and has led some observers 
to doubt the malignancy of the tumor; a casual perusal of the end- 
results, however, even in apparently hopeful cases, discredits any such 
supposition. 

Carcinoma of the tube is often bilateral. In 183 cases, Wechsler 
found the growth on the right side in 64, on the left in 62 and bilateral 
in 57. There are, moreover, various indications which suggest that 
both tubes are involved more often than we suppose. In some cases in 
which the growth is apparently unilateral (Liang 2 cases and Wharton 
and Krock, 1), there is a suspicious papillary hyperplasia of the mucosa 
in the supposedly sound tube; furthermore, in some cases in which uni- 
lateral salpingectomy has been done, early recurrences have been 
observed in the tubes which looked normal and were not removed. In 
view of the established fact that the growth is often bilateral, both tubes 
should always be removed. 

Metastasis occurs early and is widespread because of the many means 
of ready dissemination. When the tubal orifice is open, peritoneal 
implants occur early, and the disease rapidly reaches its fatal termina- 
tion, When the fimbriated extremity is closed, the growth may remain 
limited to the tubal mucosa for months and eventually spread by direct 
cxteirsion to the mesosalpinx, the adherent ovary, the uterus and peri- 
toneum or be carried to more distant organs by the lymphatics or the 
blood stream. Rarely, as in one of our cases (34,144), are implants 
observed in the endometrium ; when diagnostic curettage has been done 
in such cases, the pathologist’s report on the curettings has been adeno- 
carcinoma of the body of the uterus, a correct but somewhat incomplete 
verdict. Implants are prone to occur in the abdominal scar or in the 
\ agiual drainage tract. The pelvis is rich in lymphatics, and metastases 
have been observed in the inguinal, lumbar, sacral, hypogastric and 
external iliac glands. Rossinski reported an instance in which the 
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supraclavicular glands were involved. Secondary growths have also 
neen noted in the liver and mammary glands. 

It IS interesting to compare primary with secondary tubal carcinoma 
tor they are unlike in every particular. Secondary cancer is more com- 
mon than primary. It usually comes from the ovary, cervix or endo- 
metrium, and the picture of each is characteristic. In ovarian cancer, 
the growth may be by direct extension or by peritoneal or vascular dis- 
semination. In carcinoma of the cervix, we have observed that the 
growth reaches the tube by the lymphatics, and that one finds small 
islands of typical squamous cancer in the tubal wall or inesosalpin.x. In 
endometrial carcinoma, the tube may act as a channel for the transmis- 



Fig. 1 (no. 8114).— Primary carcinoma of tlie right fallopian tube. The e.stcr- 
nal resemblance to pyosalpinx should be noted. Carcinoma was recognized at 
operation, however, and an extremely wide dissection made (panhystcrectom), 
removal of six inches of bowel and adjacent pelvic peritoneum) , recurrence ant 
death in six months. (From Bull. Johns Hopkins Hosp., by courtesy of Dr. Thomas 
Cullen). 


Sion of malignant cells, as Sampson^” has shown. In such cases, o.ic 
finds the malignant tissue loose in the tubal cavity. It is conceit a e 
that it might become fixed and grow on the tubal mucosa, although ttc 
have not yet observed this. None of these secondary tubal growths 
have the branching, treelike characteristics of pninarj- cancer, nor 


19. Sampson, John A.: Peritoneal Endometriosis Due ^ 
semination of Endometrial Tissue into the Peritoneal Cavitt, Am. J- O . 
Gynec. 14:422 (Oct.) 1927. 
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they share its other manifestations. The striking difference between 
primary and secondary tubal carcinoma is the fact that primary cancer 
almost never invades the tubal wall, whereas secondary growths almost 
always start there. 



Fig, 2 (no. 11536).— Unusual case of primary carcinoma of the tube, reaching 
a niost to the umbilicus. The tube wall is not invaded, even by a growth of this 
size. (From Bull. Johns Hopkins Hosp., by courtesy of Dr. Thomas Cullen). 


THE CLINICAL PICTURE 

It is hardly remarkable that no one has y'et diagnosed primary tubal 
caicinoma before operation; indeed, in the vast majority of instances, 
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the condition has escaped recognition, even on the operating table. When 
the tube is closed, adherent, cystic and enlarged, the diagnosis of hydro- 
salpinx or pyosalpinx has been made. Wdien it is evident that a malig- 
nant process is present, the diagnosis has usually been ovarian cancer or 
peritoneal or pelvic carcinosis. Although in some cases surgeons have 
recorded that the tube had unusual or peculiar characteristics, in few 
instances has it been stated that the diagnosis was made unqualifiedly 
without the aid of the microscope. Many times the malignant fallopian 
tube has been overlooked entirely, so intent has the operator been in 
removing a benign myoma or ovarian cyst. The gross appearance of 
the tube may certainly be most deceiving, but it is our impression that 
usually the correct pathologic diagnosis could be reached if the tube were 
opened and examined in the operating room. This might also have some 
bearing on the surgical treatment and possibly on the end-result. 

The earliest and most constant symptom of primary carcinoma of 
the fallopian tube is pain. V aginal discharges of various sorts — watery, 
purulent, leukorrheal or sanguineous — then appear. Menstrual dis- 
turbances, malaise, weakness, fever, dysuria, gastro-intestinal symptoms, 
abdominal enlargement and cachexia develop as the disease progresses. 

Pain is the earliest symptom and is usually definite and severe. In 
this respect, carcinoma of the fallopian tube gives a danger signal much 
sooner than almost any other intraperitoneal malignant lesion. The pain 
is sharp and colicky, is usually located in the iliac fossae, and may be 
accompanied by nausea and vomiting. At times, it is sudden in onset. 
In many instances the sharp pain is superimposed on a dull pelvic dis- 
comfort ivhich may have been present for years, due perhaps to pre- 
existent salpingitis, ovarian cyst, injury at childbirth or myoma. The 
sharp pain recurs frequently for months, with increasing severity as the 
disease progresses. 

The early onset of pain is probably due to the tension produced br 
the increasing secretion of fluid and the growing tumor within the 
closed tube. At times, pain is a late phenomenon, and then the earliest 
symptom may be an unusual vaginal discharge or abdominal enlargement 
due to ascites. 

Vaginal discharge may appear early in the course of the disease. 
Almost every variety of discharge has been noted, the usual type being 
a watery or leukorrheal, blood-tinged fluid which is persistent. Foul- 
smelling, green, yellow and brown discharges have also been observed. 

Because of such vaginal discharges in patients within the cancer age, 
curettage has frequently been performed. At times, polyps, myomas 
and benign endometrial changes are present to confuse the picture; 
under these circumstances, the persistence of the discharge a ter le 
correction of the uterine condition is extremely significant, and shoulcl 
direct one’s attention to the adne.xa. If curettage reveals no pathologic 
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the situation is apparently analogous to hydrops tiibae profluens 
which the tubal secretions escape through the uterus into the vagina, 
bince in the majority of these instances the uterine epithelium is normal 
one must suppose that the discharge has its source in the tube. 

When the fimbriated extremity of the tube is open, the secretions 
carrying bits of carcinoma escape into the peritoneal cavity. Under 
such conditions peritoneal metastases appear early, and ascites may be 
the first symptom. ^ It is noteworthy that the sharp colicky pain irhich 
usually forces surgical intervention may not be felt in cases in which the 
fallopian tube is patent. 

Practically all patients with tubal carcinoma have an abnormal 
vaginal discharge. 

The menses are often affected by the disease, and almost every 
type of menstrual irregularity has been observed. It is quite probable 
that at times the menstrual disturbances are attributable to coexistent 
conditions, such as myomas, salpingitis, menopause and ovarian C3'sts. 
In many instances, menstruation has not been disturbed. 

The usual menstrual irregularities are menorrhagia and metrorrhagia, 
although temporary amenorrhea has been noted. Because of the men- 
strual irregularity, pain and adnexal tumor, tubal pregnancy has often 
been suspected, although the age of the patient frequently excludes this 
possibility. Intermenstrual bleeding may be profuse, but this is not the 
rule. Dysmenorrhea may or may not be present. Taken as a whole, 
the menstrual phenomena are variable and give little assistance in 
elucidating the situation. 

Backache is rather common, as it is in all pelvic disorders. 

Gastro-intestinal symptoms, while not uncommon, are not as promi- 
nent as those which have been enumerated. Nausea, vomiting, consti- 
pation and pain on defecation have been observed, and in the advanced 
states, abdominal swellings and masses occur. 

Urinary symptoms may be marked. In one case (Amann), the 
only complaints were referred to the bladder. At times incontinence 
appears, without any metastatic lesion in the bladder or urethra. As a 
rule, however, dysuria, frequency and other urinary symptoms form a 
relatively minor part of the syndrome. 

Contrary to the opinions of many observ'ers, sterility has not been 
prominent in our cases. It has been repeatedly stated that sterility is 
common in women who subsequently develop tubal cancer, and this has 
been advanced to support the contention that salpingitis precedes the 
development of malignant disease. This is not our experience. 

A Uance at our summary shows that of the twelve women v o 
were mlirried, nine had conceived, the total number of pregnancies being 
forty-one. Of the fourteen miscarriages, all but two were admitted o 
have been induced. Only three patients had not conceived ; of these, one 
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married after the age of 40, one contracted salpingitis immediately after 
marriage and in the third, the cause of the sterility through twenty- 
three years of married life was not explained. In this case, there was 
no salpingitis at the time of operation and the tubes were open. In 
these twelve cases, therefore, there were only two definite cases of 
sterility, and in only one of these was it due to salpingitis. In our 
experience, therefore, sterility is not a feature of these cases, and 
salpingitis is known to have preceded the carcinoma only once. In the 
majority, the child-bearing function has been essentially normal, in 
spite of the fact that three patients had myomas and one a large ovarian 
cyst. In this series there were two instances of “one child marriages,” 
in one case apparently because of a large fibroid and in the other because 
of the development of an ovarian cyst. 


PHYSICAL OBSERVATIONS 


One is surprised at the lack of uniformity in the conditions found at 
pelvic examination. In the clearcut simple case, there is a solitary 
adnexal mass of variable size, which is usually soft, fixed and tender. 
At times this mass may be hard and may occupy the culdesac of Douglas ; 
in a few instances, the tumor shows fluctuation. In advanced cases, 
the tubal mass fills the lower part of the abdomen and is accompanied 
by ascites. Glandular enlargement is present at times. 


When the condition is complicated by m 3 ’’omas, ovarian cyst and 
pelvic infection, as it often is, the symptoms are immediately obscured, 
and the diagnosis becomes practically impossible. When, as has hap- 
pened, obesity and local tenderness make it impossible to feel any tumor, 
one can be guided only by one’s clinical judgment and by the process 
of elimination. In such cases, the association of lancinating, persistent 
pelvic pain with a blood-tinged vaginal discharge should suggest the 
presence of a definite pelvic disease which requires surgical exploration. 
Ihis is particularly true if the patient is in the carcinoma age and previ- 
ous curettage has revealed nothing. 


One would have to search long to find a medical or surgical condi- 
tion that has eluded diagnostic skill as completely as has tubal carcinoma, 
for there is only one observer who has claimed that he even thought of 
the correct diagnosis before operation. The reason for this is to be 
found in the extreme rarity of the condition and the absence of any 
characteristic signs. 


We can conceive, however, of certain conditions under which one 
would be justified in making the diagnosis tentatively. The develop- 
ment of a profuse, blood-tinged vaginal discharge in a woman beyond 
1 1 C menopause immediately suggests carcinoma of the uterus. If by 
pa pation and curettage the uterus is found normal, if there has been 
sc\cre pelvic pain and if one can feel an adnexal mass, tubal carcinoma 
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Should be considered as a possibility, although one must also tiank of 
neoplasms of the ovary and salpingitis, particularly tuberculous. 

In younger women, the diagnosis is much more difficult, because of 
the great number of tubal, ovarian and uterine lesions that can produce 
t le same symptoms. As a rule, however, the discharge is more profuse 
than in other adnexal conditions; the mass is usually softer than a 
pyosalpinx or ovarian neoplasm, and the history goes back farther than 
Jt does in ectopic pregnancy. 

The difficulty of making the correct diagnosis is almost always mag- 
nified by the presence of other pelvic lesions. Some patients have been 
treated conservatively for acute salpingitis and pelvic peritonitis; they 
may have had these and ma}' have been discharged from hospitals 
when they were convalescent, only to find that they had tubal carcinoma 
when abdominal section was performed later. Except in uncomplicated 
cases, we doubt seriously whether in the child-bearing period the disease 
can be diagnosed with certaiaty before operation, because of its extreme 
rarity and the protean character of its symptoms. In older women, the 
chance of accurate recognition is greater. 

Even on the operating table, the disease has often eluded recognition. 
In many a case, the operator has performed a conservative unilateral 
salpingectomy and has closed the abdomen, believing that he has removed 
a pus tube. At times, the presence of malignant disease has not been 
suspected until the report from the pathologic laboratory has been 
‘ received after the patient has left the hospital. 

In most cases, the simple expedient of opening the fallopian tube 
in the operating room would probably establish the diagnosis. 

TREATMENT 

The only treatment which has proved successful has been surgical. 
The ideal treatment would be removal of both tubes, ovaries and the 
uterus by block dissection, giving as wide a margin to the growth as 
possible. Since both tubes are frequently involved, since metastases 
occur in the endometrium and because of the proximity of the ovaries, 
it is unwise to attempt to save any of these organs. The only hope lies 
in complete and earl)' extirpation. 

Radiotherapy has been tried in a few cases, usually with poor 
results. Bultemann (1927) irradiated a patient, aged SO years, for one 
and one-half years under the impression that the bleeding and pelvic 
pain were due to carcinoma of the uterine body. This treatmrat 
apparently had no effect on the course of the disease. Postoperative 
irradiation has been employed at times, usually in hopeless situations, 
without benefit. As Burnam said, the condition is so rare that e« 
radiologists have had occasion to treat it; hence, for the time being, this 
phase of the subject remains an open question. 
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If one were to base his prognosis entirely on the results of the 
past, it would be necessary to conclude that the outlook is almost hope- 
less.’ In 1926, Wechsler found only 6 three-year cures in about 200 
cases. 

In our series of fourteen cases, three patients have lived three, 
four and five years, respectivel)^ Of these, one died apparently without 
recurrence five years after the operation ; the second was well at the 
end of four years, and the third was well after three years had elapsed. 
Nine patients, however, died of recurrence, one four 5 'ears after the 
operation. Two patients have not been observed long enough to war- 
rant conclusions. It is obvious that these results are not satisfactory. 

The high mortality seems to be due to several factors — the extreme 
malignancy of the tumor, late operation and incomplete operation. 

Primary carcinoma of the fallopian tube is a highly malignant 
growth. The disease rapidly reaches the inoperable stage if the tubal 
ostium is open and peritoneal implantations occur. When dissemination 
is prevented by the closed fimbriated extremity, however, the growth 
may remain circumscribed for months or even a year or more, if one 
may measure the duration of the disease by the clinical symptoms. 

Although the dismal surgical results of the past are due in large 
measure to the extreme malignancy of the growth, it seems to us that 
we should survey the situation carefully in the hope of discovering 
some way in which it might be improved. We are impressed by two 
other facts — first, that surgical interv’ention has often been tardy, and 
second, that the operative procedures have frequently been extremely 
conservative. 

The delay in intervention is in many cases the result of the patient’s 
procrastination. Frequentl}'-, however, the delay has been prolonged by 
the surgeon who little suspects that he is dealing with cancer, but 
believes that he is treating with commendable conservatism a benign 
infiamniatory process. It must be remembered that in not a single 
instance has the correct diagnosis been made unreservedlj'' before opera- 
tion, although in many the presence of malignant disease has been 
suspected. 

The large number of recurrences is also due in some measure to 
the conservative operation that has been done, for hysterectomy with 
removal of both tubes and ovaries has been performed in less than 
one third of all reported cases. In the remainder, the operative pro- 
cedures have been variable— removal of part of one tube, unilateral 
salpingectomy, unilateral salpingo-oophorectomy, bilateral salpingo- 
oophorcctonn- and others. Since the tubal disease is often bilateral 

am may involve the uterus and ovaries, it is apparent that conservatism 
IS futile. 
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Fig. 4 (no. 31798). — Cross-section through the left tube and ovary; tubal 
lumen filled with carcinoma; no extension into muscularis or ovary; X 5. 

frequent urination. There was no nausea or vomiting. During the last three 
or four months, the pain had become sharp and paroxysmal and localized in the 
left iliac fossa. Between these sharp attacks, there was a continual dull pelvic 
discomfort. 

The patient had always had some leukorrhea, even as a young girl. Recently 
this had become profuse and malodorous, but never bloody or irritating., 

Menstruation began at the age of 13. Until the past year, the interval had 
always been twenty-eight days, the flow lasting four or five. During the past year, 
the interval had been three weeks, without any other variation from the usual 
cycle. There had been no intermenstrual bleeding or menorrhagia. Tiie menses 
were occasionally pai/tful, but never excessively so- 

Physical E.vamination.—Thc patient looked healthy and u-as well nourished; 
the skin was clear and the mucous membranes were a normal color. Genera 
medical examination gave negative results. 
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The abdominal examination gave negative results, except for distinct tenderness 
in the left lower quadrant. There was no mass, muscle spasm, rigidity or free 
fluid. The glands in the groin were not palpable. Pelvic examination revealed 
a profuse purulent discharge issuing from the cervix. The cervix itself was red 
and inflamed. Bartholin's and Skene’s glands were normal. The uterus was 
normal in size, position and consistencs*, but its mobility was limited and painful. 



iinriiifi f through left tube showing three structures: (1) 

(lower right)^^'" * papilla (upper right) and solid carcinoma 


a nni'nW adherent and sensitive. In the left fornix, there was 

mass about 6 or S cm. in diameter. 

diplorocr? T) shoxyed that the pus contained some gram-negative 

■ Jic cathctcri7cd urine was clear. 

Tlie prcopcr»ti„ chronic talpi.igitis 

-case. \\e advised that the patient he treated surgically. 






Fig. 6 (no. 31798).— Left tube showing alveolar carcinoma with marked lyin 
phocytic infiltration and no invasion of tube wall. 


The right ovary was riddled by small cysts ; the right tube was closed. The left 
tube had the appearance of a fairlj' large hydrosalpinx, and under it one could feel 
the ovary, both fixed to the uterus and pelvic floor. While the left tube was being 
liberated, it ruptured, and a small papillary growth about 3 or 4 mm. in diameter 
popped out of it. It was firm, friable and grayish-white. Witli it escaped about 
30 cc. of dark, serosanguineous fluid. We immediately gained the impression that 
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we were dealing with a carcinoma of the left ovary and decided to remote both 
tubes, ovaries and the suprav'aginal portion of the uterus. This was promptly 
done without accident. 

There were no abdominal metastases or free fluid, and the pelvic glands were 
not enlarged. The convalescence was uneventful. 



lcftttd)c'du™Ronem!iv.?™"T'‘-”"\ from lumen of 

lanipulation It was attached bj a slender pedicle, X 8. 
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used us some concern. Since it gradually was absorbed, vve 
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was „o. ,i,e„ b„.„e „n,.e 

Steady diminution in the pelvic induration At tl,P t:na» ^ *''' 

more than two years after the operation, the patient LToyfd'peX Sh'’""™’ 

Grow Pathologic E.vamination.~Th^ tissue included the supracervical portion 
of the uterus, both tubes and both ovaries. The uterus contained a small myoma, 



Fig. 8 (no. 31798). — Higher power view of tumor nodule shown in fig. 7, 
showing the alveolar carcinoma, delicate stroma, poorly differentiated papillae, 
and occasional mitotic figure. 


about 2 cm. in diameter. The peritoneal surfaces were smooth, except for the raw 
areas caused by the adhesions and surgical dissection. No superficial metastascs 
were evident. 

The left tube was shaped like a retort; it had been opened, but still contained 
dark brown sanguineous fluid ; numerous bits of tumor tissue flowed from the tube 
when it was opened further. The distal portion of the tube nas hard and ct 
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solid. Tlie fimbriated extremity was closed. The left ovary lay underneath and 
was adherent to the tube. The fimbriated extremity of the right tube r\as also 
closed. The right ovary was cystic and adherent to the right tube. 

The uterine muscle was normal. The endometrium everywhere was smooth 
and pale. 

Microscopic Pathologic Examlnation.—Leit tube and ovary: Sections through 
the mass in the left tube showed that the tubal lumen was filled with a papillary 
growth, which was entirely limited to the tube and at no point had invaded the 
muscular wall. The mesosalpinx and ovary were normal. Under higher magnifi- 



I'ig. 9 (no.^31798). — Papilloma in right tube, which is frankly benign. Com- 
pare with fig. 5, which shows a malignant papilloma in the left tube. 


cation, the tubal grow th presented various pictures. The large papillary mass was 
ran dj malignant, solid nests of carcinoma cells which presented marked varia- 
tion in the sire of the cells and nuclei being present. In general, the growth 
presented papillary and alveolar characteristics throughout. The tissue was 
studded with Icukocjtes and lymphocytes (figs. 6 and 8). The arrangement of 
1 1 C a \eoli, the character of the cells, the variation in the size of the nuclei, their 
staining characteristics and mitotic figures stamped this growth as outspokenly 
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In other areas, the papiflary tumors showed every gradation from tlie franklv 
malignant picture previously described to epithelial and glandular hyperplasia with 
little cytologic evidence of malignant disease. Some of these epithelial tufts 
varied from normal tubal papillae only in their grdater size and the dense pattern 
of the growth- In the normal papilla the core of connective tissue formed the 
bulk of the tuft; in these hyperpkstic growths, the connective tissue ivas scant 
and the epithelium dense, crowding out the stroma and destroying all resemblance 
to the simple structure from which it originated (fig. 5). In some of these tufts, 




m. 












Ffo- 10 ’(no. 29690).— The papillary type of growth, without invasion of the 
tubalwall, should be noted. Fimbriated extremity open. Recurrence and death 
in two months. 

there were no mitotic figures, no significant variations in Je size or staining 
characteristics of the nuclei and little heaping up of the ep-thehum. As n h 
case of adenocarcinoma of the body of the uterus, however, / me 

growth stamped it as a malignant process. In the same field as " ^ J 
can find these adenomatous tufts, normal tubal papillae and outspoken 
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epithelium was normal almost everywhere. In one area, a definite papillary 
growth about 3 mm. in diameter (fig. 9) was found. It showed the same hyper- 
plastic characteristics as similar growths in the left tube (fig. 10). There was a 
definite tendency toward heaping up of the epithelium; the alveolar pattern was 
dense, the connective tissue scant and compressed by the epithelial overgrowth. 
The individual cells showed no evidence of malignant disease, but the pattern was 
abnormal. In view of the condition found in the opposite tube, this adenomatous 
hyperplasia becomes particularly significant and forces us to the conclusion that 
it may represent the first step of the malignant process which was fully developed 
in the other fallopian tube. 

Except for small graafian follicle cysts, the right ovary was normal. The 
myometrium and endometrium of the uterus were everywhere normal. The 
myoma showed no unusual characteristics. 

Pathologic Diagnosis. — A diagnosis was made of primary carcinoma oi the 
left tube; epithelial hj'perplasia of the right tube; normal ovaries and normal 
endometrium; myoma of the uterus; chronic salpingitis. 


SUMMAKY 

Primarj' carcinoma of the fallopian tube is one of the rarest of 
gynecologic diseases. It presents the usual incidence in regard to age. 
There seem to be no definite predisposing factors. The earliest and 
most constant symptoms are sharp, lancinating pelvic pain, associated 
w'ith vaginal discharge which may at times be blood-tinged. Menstrual 
disturbances occasionally occur. The physical manifestations are vari- 
able. The diagnosis is extremelj' difficult, having been suspected in 
only one of more than 200 cases before operation. The treatment 
should be early removal of the uterus and of both tubes and both 
ovaries. The results of past treatment have been highly unsatisfactory. 
It is to be hoped that the results will be improved by earlier intervention 
and more complete extirpation. The malignant nature of the disease 
can usually be readily determined on the operating table by the routine 
macroscopic examination of tissues immediately after their removal. 



LEUKOPLAKIA OF THE RENAL PELVIS* 
ADOLPH A. KDTZMANN, ?>LD. 

LOS ANGELES 

Leukoplalda of the renal pelvis has been of increasing interest as 
indicated by its recognition in recent years. It is of interest to the 
]jathologist because of its unknown pathogenesis and of clinical 
importance to the urologist for the diagnostic and therapeutic difficulties. 
It is a paradox, simulating an epithelial process (ectoderm) and yet 
occurring on the mucous membranes of the urinary tract, a structure 
of mesodermal and entodermal origin. The unsatisfactory treatment 
for leukoplakia, as well as the possibility of malignant degeneration, 
makes tlie condition one of clinical importance. 

Leukoplakia of the renal pelvis occurs more frequently than is 
thought. Its infrequent occurrence is more apparent than real, the 
condition being overlooked through a laxity in observation of genito- 
urinary disease. Up to the present, sixty-seven proved cases have been 
recorded, inclusive of the case herein reported. Of the sixty-seven 
cases, forty-two were recorded i)rior to 1923, and twenty-five cases 
since, indicating that the condition is being recognized more frequently 
by all observers. While the observations are chiefly European, 
leukoplakia of the urinary tract has been increasingly recognized in 
recent years by American observers. Rokitansky, in 1861, first men- 
tioned leukoplakia in the bladder, and Ebstein, in 1882, described the 
first case of leukoplakia in the kidney. Cabot, in 1891, and Beer, in 
1914, observed the first cases in the bladder and kidney, respectively, 
on this continent. 

Because of the unknown etiology, important in the diagnosis, treat- 
ment and association with a malignant condition, it is essential to collect 
additional data and to stimulate an increasing recognition of leukoplakia 
of the renal pelvis. 

REPORT OF A CASE o 

History. — A Mcxic.in housewife, aged 26, was referred by Dr. L. C. Audrain 
widi tiic complaint of marked frequency of and burning on urination, soreness across 
the lower part of the abdomen and pain in the left lumbar region. The family 
liistory was irrelevant. Tiic patient gave a history of measles, chickenpox and 
smallpox. She said that she had never had any venereal disease. The menstrual 
history was normal. There had been seven full-term pregnancies, witli no miscar- 
riages. The habits of tlic patient were good. 

The condition began with pain in the left lumbar region and frequency of 
rwination three year.'! before Dr. Audrain saw the patient. Four months before, 
1 1 C p.iticnt developed tenderness across the lower part of the abdomen, with burn- 

' Submitted for ptihlicatioii. yfay 24, 1929. 
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ng on unnafion and malaise. At the time of examination, she had marked fre- 
quency of urination, bordering on incontinence. The pains in the left lumbar 
region and lower part of the abdomen had increased in intensity. There seemed 
to be a sense of difficult urination with severe attacks of burning and occasionalh- 
a slight hematuria. There had been a marked loss in weight, but the patient did 
not know how much. 

The physical examination showed an emaciated, sick-appearing woman, lying in 
bed and apparently in distress. The temperature was 99 F., the pulse rate 84 the 
respiratory rate 22 and the weight 97 pounds (44 Kg.). There was marked 
tenderness in the left lumbar region; this extended anteriorly and downward. The 
remainder of the ph 3 ’sical examination rvas negative. 

E.xamination of the blood showed hemoglobin, 65 per cent; red blood cells, 
3,810,000; white blood cells, 11,400; poli’morphonuclears, 74 per cent; small 
K mphocj'tes, 18 per cent; large l 3 'mphoc}’tes, 4 per cent and large mononuclears, 
2 per cent. Examination of the urine showed : extreme cloudiness ; specific grsvhy, 
1.018; light straw color; pn, 7.2; a heav 3 ' trace of albumin and no sugar. Micro- 
scopic examination disclosed numerous pus and red blood cells, and few epithelial 
cells. There were no casts. Phenolsulphonphthalein injected intramusculari)’ 
appeared in the urine as follows : SO per cent in the first hour and IS per cent in 
the second hour, a total of 65 per cent. The Wassermann reaction of the blood 
was negative. 

On c 3 ’stoscopic examination, the wall of the bladder showed a severe and 
diffuse C 3 ’stitis ; the capacity of the bladder was 30 cc. The vesical neck had a 
marked bullous edema. The right ureteral orifice was normal; there was marked 
ulceration around the left orifice. Both ureters were easily catheterized to the 
kidne 3 ’S. The urine from the right kidne 3 ' contained numerous red blood cells 
and an occasional white blood cell ; there were no epithelial cells, no casts and 
no organisms. The urine of the left kidney was cloudy and tinged with blood, 
^ficroscopic study revealed numerous blood and pus cells and gram-positive cocci. 
The urine of the bladder showed a similar picture. No tubercle bacilli were found 
in any of the specimens. All cultures failed to grow although staphylococci were 
the predominating organisms in the stained smears. Phenolsulphonphthalein, 
injected intravenousb', appeared in three and one half minutes on the right side 
and returned 32 per cent of the d 3 'e in thirty minutes. The time of appearance in 
the left kidney was five minutes, with 14 per cent secreted in thirty minutes. There 
was no leakage from the bladder. Pyelographic studies showed a left p 3 'onephrosis 

(fig. 1). 

The diagnosis was left pyonephrosis rvith cy’stitis and a contracted bladder. 

Because of the patient’s marked anemia, a Wood transfusion was given two da.'s 
before the operation. A left nephrectomy was performed under ethylene oxygen 
anesthesia. ‘^’Convalescence was uneventful except for an infection of the wound, 
which cleared up readily under daily irrigations with surgical solution of 
chlorinated soda (Dakin’s solution). 

When the patient was seen, six months later (Dec. 1, 1927), she had gamed - 
pounds (9 Kg.) in weight, felt well and was able to do her housework. Nocturia 
occurred twice and diuria every two or three hours. The remaining signs and 
sj'mptoms had cleared up entirely. She did not return for further obsers-ation oi 

^^^The'^s^^imen consisted of a left kidney weighing 190 Gm. The surface was 
verv rough, a mottled purplish pink, and irregular. On section six irregu a 
cavities were seen which were connected with each other and with «« ! 

pelvis and cavit.v-like calices were covered by a whitish, wrinkled, ic -. p. 
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nicnt-likc membrane (fig. 2). The remainder of the renal parenchrma showed 
hUk differentiation and was swollen in appearance The capsule stripped with 
difficulti ; a coarsely scarred surface remained. 

Mutoscof'ic Eiominalion. — -Many areas of the kidney had been replaced by 
mflammator} products composed of small round cells, eosinophils and some leuko- 
cj tes and connective tissue, in certain areas approximating abscess formation. The 
adjacent tissue of the kidney showed edema and cloudy swelling. The tubules 
appeared to be slightly dilated, as did some of tiie glomeruli, while others were 
sclerosed and congested. The blood vessels showed marked fibrosis. Everywhere 
the interstitial connective tissue w>as increased (fig. 5). 



I'lR. 1. Left pielogram (20 per cent colloidal silver iodide compound), show- 
ing the picture of a tspical p> onephrosis. 

Examination of the pchic mucosa showed a definite metamorphosis into 
sqiwmnns epithelium similar to the skin There was a marked chronic inflam- 
niatnri n.iction, chiefly of small round cells, beneath this process and in some 
nrc.is infihr.atine it. The squamous epithelium showed a cornified layer beneath 
w uch w,is n graiiul.'ir iajer of cells (keratolu aline granules). Underneath 
coil I It’ '•ten a well defined hasal laser. Some sections showed a tendency toward 
p.rpi .ir\ dounqrowth of this laser The entire picture was that of a well defined 
Kiik.ipUkia 3 nnd 4), 

Tile hnnl diagnosis; ttas chronic ps onephrosis with pchic leukoplakia 
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COMMENT 

This case definitely demonstrated a leukoplakia which appeared to 
be limited to the renal pelvis and calices. It was associated with or 
complicated by an infection of long duration, a severe pyonephrosis 
which had practically destroyed the kidney. In all respects, this case 
definitely simulated the various cases of leukoplakia reported in the 
literature. In accord with the present theories of leukoplakial 
pathogenesis, it may be considered as associated with or due to the 
severe chronic infection of the urinary tract. 



Fig. 2.-Sagitta..y 

thickening The cahces present the picture ot pj 


PATHOLOGIC ANATOMY 
The occurrence of cornified 

membranes of the body has always jjcen 

Distributed throughout the epithelmetaplasia. pachy- 

named leukoplakia, metaplasia, P P ’ psoriasis meinbranac 
dermia, «rosis, chole,t=a.».a, ta.l»pla™. P“"-' 
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esophagus gallMacKier. rectum, nose, frontal ainuses,TaV-dn,m s’ v®“' 
Uterus and the urinary tract. uiums, ^aglna, 

The morphology of leukoplahia is described uniformly by nearly all 
o s ryers. As fhe term signifies, ientoplalda refers to’tl.e' fonni;! 
white patches on mucous membranes, although it may also include 



Fig. 4. — High power photomicrograph, showing tlie epidermization process of 
fhe pelvic mucosa with the kerafoh}'aline granulation of the stratum granulosurn 
well defined beneath the lamellated desquamating layer. 

those forms found on tlie surface of tiie skin and described as a 
xeroderma or keratosis. Pathologically defined, it consists essentially 
of a thickening or keratinization of epithelium taking on a definite 
epidermoid character, regardless of location in the body. In the pelris 
of the kidney there can be found well defined skinlike membranes, 
whitish or grayish, pearly or silvery, with a surface in fine or coarse 
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Enghsch IS similar to the epidermis. There is seen a single row of 
q'lmcinc basal cells topped by the' prickle cell layer, with the 
keratohjahne granular layer next and the cornified layer on top. The 
epithelium differs, however, from the true epidermis in that the struc- 
ture IS irregular and the thickness of the layers is variable, as men- 
tioned by Englisch. Furthermore, Halle has shown that the epithelium 
of leukoplakia possesses a stronger power of growth which manifests 
Itself in a double tendenc}^ on the one side to a proliferation of the 
deep la3-ers noted by Francke in his cases and thought by Englisch 
to be rare, and on the other, to a marked desquamation of the upper 
coinified laj^er. This might result in a filling of the urinar^^ tract with 
cholesteatomatous material. According to Karo, leukoplakia and 
cholesteatoma are not the same, their origin onlj' being common, with 
leukoplakia as tlie primary disease. The latter leads to the shedding 
of wide, cornified, epithelial fragments which may collect into a tumor- 
like, pearly, onion peel-like, stratified epithelial mass, generally termed 
“cholesteatoma,” and later cause an obstruction in the urinary' tract. 
“Cholesteatoma,” according to Corsdress, is a misleading term since 
there is no true formation of tumor in a pathologic sense. According 
to the researches of Schridde, it is designated as early leukoplakia, 
without cornification, as differentiated from true leukoplakia, which is 
characterized by a true cornification of the epithelium. 

A still further differentiation from epidermis is that the cornifica- 
tion is not completely developed. The cornified layer stains with the 
Gram as with the Gram-Weigert stain (Ernest), rvhile it will not retain 
the golden orange when tested according to the method of Ebbringhaus. 
Lavonius observed in tliis ti'pe still another difference in that a layer 
of flattened cells without granules and nuclei lies above the lamellated 


layer. 

In the second type, over the lowermost layer of prickle-cells there 
lie several rows of polygonal, less flattened cells with round or comma- 
shaped nuclei and with a lightly-staining protoplasm. The cornified 
and eleiden lajmrs are frequently missing. There are present onl} a 
few cells of the keratohyaline layer. This type corresponds to the 
so-called third type of Halle and to the second type of Ikeda and 
Lavonius. The second type of Halle and Englisch, in wliich tlie 
cornified layer lies on a few rows of basal cells, does not appear to be 
frequent. 

The type of epithelium described by Stoerck aird Lichtenstern m 
which the upper cell layers simulate nucleated scales, while the lower 
cells cannot be differentiated from the ordinary transitional epithelium 
approaclies a third type of Ikeda and simulates the beginning stage of 
the others, yet does not belong to leukoplakia. The epidemis-Iike 
character of the superficial layers, as well as the characteristic single 
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basal cell layer with several prickle-cell layers overlying, cannot be 
separated from the picture of leukoplakia. 

Pathogenesis.- — The occurrence of leukoplakia in the urinar\' tract 
presents a paradox in that one finds an ectodermal type of structure 
occurring in organs of mesodermal and entodermal origin. This has 
been the subject for many theories. The condition has been noted in 
many parts of the body, \rirchow describing it as pachydermia laryngis 
and von Graefc as xerosis of the conjunctiva; Schonemann noted the 
occurrence of cornified squamous epithelium in ozena of the nose, 
while Zeller and R. Aleyer found it in the uterus, and Deetz in the 
gallbladder. Rokitansky, in 1861, was the first to describe leukoplakia 
in the urinary tract when he noted that “in the inflamed bladder there 
occurs occasionally an epidermoid production, at times circumscribed, 
at other times occupying the whole mucosa of the urinary apparatus ; it 
produces an abundant desquamation of thick scales, stratified, white, 
shiny, in the form of cellular epidermoid plates; the adjacent mucosa 
is chonically inflamed and villous.” 

Various observers have sought to explain the leukoplakic process 
on the basis of some disease. Many years ago, Hunter and Babington, 
and later Schwimmer, noted that the epidermization of mucous mem- 
branes was not necessarily due to syphilis. Syphilis, while discarded, 
recently received support from S. and E. Li Virghi. Tuberculosis, 
found as an associated condition by some observers, has been accorded 
-some con.sideration from Beselin and the Nordique-Lavonius school. 
Such theories as that of substitution, in which the epidermization was 
thought to extend into the urinary tract through some fistulous opening, 
has long been discarded. This rvas oidginally advanced by Eicholz, 
Posner and Marchand. IMarchand later supported the theory of 
metaplasia. 

Ihe congenital theory and the theor}' of cell rests ( Keimverspren- 
gnng) have iiad many advocates. Lecene, in promulgating this theory, 
noted that there might be an arrest of development of the urinary tract 
by what he called an epidermoidal heteropia. The woIffian body, from 
which the ureter and jx^lvis are develojred, shows a complex dcvelojr- 
nient, and since at some time there may be an intimate relationship 
with the ectoderm, ectodermal cells mar- be included. Studies on 
embryos have shown that during a certain time the excretory canal 
of the jtroncidiros is included in the ectoderm. Staehlin, R. Me\-er, 
(luiuaial and others slated that the proncphric portion of the wolffian 
body is of cclodcnunl origin and that the embryogeny of the urogenital 
srstem may be complicated by such misplaced cells from the primitive 
ectodermal layer and give rise to the growth of these aberrant cell 
ro'-ls subsequently found in the genito-urinary tract. It has been 
iottnd that there m.ay be pavement epithelium in the urinarv tract. 
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Lavomtts examined 150 renal pelves according to the inetliod of 
Zil lakus, and microscopically demonstrated five cases in whicl. 
leukoplakia might originate. A case was observed by Leber in a 
girl aged 4 months, with xanthoma of both conjunctivae togetlier witli 
proliferation of the epithelium of the pelvis. 

Not infrequently small areas occur in the urinary bladder in whicli 
the epithelium shows cornihcation. Lubarsch, in 160 autopsies, found 
SIX cases with islands of leukoplakia, while Heymann noted small 
circumscribed areas of cornification in ten of twenty cases. Ribbert 
and Albarran held that these islands of flattened epithelium were of 
ernbr 3 mnal origin and later underwent leukoplakial degeneration. 
Ribbert pointed out that these cells which ma}’^ appear normal in this 
location nevertheless possessed embryonic potentialities and that some 
of these cells were partially differentiated and could undergo changes 
more readil)'^; moreover, that the newl}' developed cells were not as 
highly specialized as the preexisting cells and that the leukoplakial 
change might occur only in the presence of certain abnormal condi- 
tions. Zeller, in his work, showed many cases with pavement 
epithelium in the uterus to which he attributed an etiologic role in the 
cause and continuation of endometritis. From the evidence submitted, 
the congenital theory and the theory of cell rests are not sufficient 
to explain the transformation of the cylindric epithelium into flat 
epithelium. The universal association with a long-standing infection is 
left unexplained, unless it were accepted that leukoplakia invited infec- 


tion, but clinical data hardl)'^ substantiate this theory. 

The theory of metaplasia, supported by many authors, has lent 
itself best to the explanation of most cases. The idea of metaplasia 
which originally had a loose meaning has in the course of time assumed 
a more specific aspect. At present, only a process in which the new 
epithelium does not develop from the original anlage is designated 
as a metaplasia of the epithelium. In some cases in which cornified 
squamous epithelium is found on a mucous membrane where tran- 
sitional epithelium originally is normal, it has been conceived that there 
might have been an abnormally continued development of the transitional 
epithelium, termed by Schridde as “prosoplasia.” This was also known 
as an “indirect metaplasia” in contrast to Virchow’s view in which he 
defined metaplasia as a “direct change of one cell into another cell 
which was architecturally different but had not completely given up its 
characteristic structure.” In the light of present knowledge o 
metaplasia, Orth has more accurately defined ft as the transformation 
of a well characterized tissue into another tissue that is equalh' weU 
defined but morphologically and functional^ different. 

Haj'thorn especially dwelt on metaplasia in accounting for tie 
epidermoid changes in the bronchi. His studies as well as those m 



8S1 


KUTZMANN— LEUKOPLAKIA OF RENAL PELVIS 

recent yCeirs by Friincke, i\llemcinn, ICiiro, und Hinnicin tind Gibson 
liave been increasingly supported by observers until now it is the most 
widely accepted theory. Haythorn's theory in reality supports the 
older views of Schridde so far as he considers the metaplastic cells 
as newly formed cells and that they come from the growing layer. 
Ribbert’s view also is supported in that the newly formed cells are 
less highly specialized than the normal cells, and that the changes 
in the surrounding tissue har'e a strong influence on the type of new 
cells formed. Since all cases are associated with long-standing chronic 
infection, it is thought that the mucosa is destro3^ed by a progressive 
process. The damage may be profound and exhausting and may include 
the basement membrane. Being unable to regenerate their own type, 
the cells bring forth a more protective cornified type. The mucosa in 
its exhausted condition and beyond specific regeneration seeks to protect 
itself with the best type of reparative cell it can produce. There is 
also jtrobably a link between the injurj’- to the basement membrane 
and tumor growth, and hence the irritants and inflammation which 
dcslro)' them open the way for metaplasia and new growth. The process 
involving the basement membrane therefore favors metaplasia. By 
this type of hyperplasia, the loss is covered and a new cell with 
apparently increased resistance appears. This active defense is assumed 
to occur in the comparatively mild infections and irritations acting over 
a longer period; if the irritating factors are more intense, an excessive 
hyperplasia may occur, breaking through the borders and developing 
into a malignant condition. The desquamated cells have been found 
to contain glycogen. Even the most rudimentary types pf metaplasia 
contain it, and it is entirely lacking in the normal epithelium (Schiele, 
Gierke and Ikeda). 

Kiitiner and Klug considered leukoplakia on the basis of tumor 
formation. Corsdress differed from this opinion, considering 
cholesteatoma as not being a real tumor since there is no multiplication 
of cellular substance characteristic of tumors, but only a transformation 
of the character of the cells. 

Leukoplakia has been considered as an irritative lesion, on the basis 
of bacterial toxins, similar to malakoplakia, ce'stitis cystica, trigonitis 
granulosa, ])olyposi.s of the vesical neck and venereal condj'lomas. 
Brigg.s and Maxwell, and Kretschmer anah'zed the bacteriologr' of 
collected cases, but were unable to reach an\' conclusion. Leber 
believed that there must be some specific bacteri.al irritant to cause the 
cornification, since be found the same type of bacteria on the 
leukoplakia of the renal pelvis as on the xerosis of the conjunctiva. 
In supjwrt of this fact. Ktischbert and Ncisscr designated a xerobacillus 
as the c.ause, although its barmlcssnc.ss was later demonstrated by 
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Schreiber and Neisser. It is possible for leukoplakia to occur without 
t le presence of microbian infection, as was demonstrated by Escat ia 
his cases of tumors of the bladder on a leukoplakic basis. 

Many questions still remain to be soli-ed. While it is assumed 
by most obsen-ers that leukoplakia is caused by a chronic irritation, 
whether inflammatory, chemical or mechanical, why are there so com- 
paratively few cases of leukoplakia in comparison to the numerous 
cases of pyonephrosis, h3"dronephrosis or nephrolithiasis? Granting the 
process to be a metaplastic one in epithelial changes, whj' does a 
leukoplakia occur on one occasion and pyelitis cystica on another? 
^^fllen the leukoplakia has become a fully developed process, why are 
there well defined areas of it, while the adjacent epithelium e.xposed 
to the same pathologic influences remains unchanged? Finally, 
since there is a cornification which has been explained by Recktemvald, 
Hinman and others as a protective measure against destructive 
irritation, why should such a process proceed to a more pathologic condi- 
tion such as carcinoma? 


Relation to Malignant Disease . — The evidence is slowly increasing 
that leukoplakia may be the forerunner of the squamous cell carcinoma 
(Hinman and Gibson, Scholl, Kretschmer, von Borza and Patch). An 
analysis of the sixty-seven collected cases of leukoplakia of the 
kidney has revealed seven squamous cell carcinomas and one 
adenocarcinoma, an incidence of 11.9 per cent. Of these, six occurred 
in the renal pehds (Kischenskt', Spiess, Aschner, Thomson-Walker, 
Patch and Fuetterer [adenocarcinoma]) and two in the bladder (Rona 
and Recktemvald). Patch, in a recent review of the literature, found 
152 cases of squamous cell carcinoma in the urinary tract — 36 renal, 
6 ureteral and 110 vesical cases — showing that this type of malignant 
disease is not rare. A further analy'sis revealed thirteen cases in 
the kidney and bladder which had leukoplakia and squamous cell 
carcinoma coexisting. These figures show a greater occurrence of 
these conditions than is surmised by many observers. Added significance 
should therefore be given to Hinman and Gibson s theory that 
leukoplakia is the forerunner of the squamous cell carcinoma. Leuko- 
plakia, while being a phj'siologico-metaplastic process, may therefore 
become a pathologic one in some cases. Its presence alone would tend 
to maintain an incurable state of chronic inflammad'on and irritation. 
The latter maintain a continuous activity of epithelial proliferation as 
a protective process. Should this proliferative activity and destruction 
continue over a period of time, these cells may then show a malignant 
change. Just why a defensive process such as leukoplakia could le 
stimulated to undergo a malignant change is one of the weaknesses 
of this theory. Yet the evidence submitted from time to time is 
becoming more supportive. Patch recently demonstrated the transitiona 
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stages in a case in which repeated examinations disclosed lesions of 
an intermediar)- type which, while not definitely malignant, were 
undoubtedly precancerous. Hinman. Kntzmann and Gibson demon- 
strated in one of their cases, although not so definitely, an early 
papillar}- downgrowth with a beginning break in the basement membrane 
suggestive of malignant disease, and therefore considered it as precan- 
cerous. Kretschmer has referred to leukoplakia, stone and chronic 
infection as the recognized forerunners of nonpapillary carcinoma of 
the renal pehas. 

\ on Borza. in describing squamous cell carcinoma, considered not 
only local but also constiUitional factors, such as the endocrine system. 
The hormones, being distributed as chemical irritants through the body. 



Fig. 6. — An incipient stage of squamous cell metaplasia (leukoplakia) on the 
mucous membrane of a renal pelvis. There can be seen the normal transitional 
epithelium at the left, and the denuded epithelium and basement membrane on 
the right. Beneath these is a thick layer of granulation tissue infiltrated with 
Ivmphocjtes. (Courtesy of Dr. Frank Hinman.) 

have a specific action on the cells and tissues. He cited Biedl and 
Hertwig who stated that every organ, tissue and cell can be changed 
in its relationship by a change of one specific hormone to another. The 
to.xins of the rapidly increasing cells lower the resistance and there is 
nothing to hinder local growth. 

olbach, in conjunction with Howe, made some interesting 
pathologic obsen-ations in the deficiency diseases or the aritaminoses. 
n ritamin A deficienc)-, known as xerophthalmia or keratomalacia, a 
striking and extensively distributed epithelial metaplasia was found in 
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the conjunctivae, ocular glands, alimentary tract, respiratory tract and 
genito-urmary tract. It was noted that the epithelium was replaced by 
keratinizing epithelium, strongly resembling leukoplakia. 

olbach found that a number of the experimental animals (rats) with 
this disease died of obstruction in the genito-urinary tract caused bv 
its occlusion with desquamated keratinized epithelial cells. 

Chmcal Ac/m-e.— Symptomatically, leukoplakia of the renal pelvis 
per se presents nothing singular or characteristic. The outstanding 
points are the associated urinarj' infectious diseases and their chronicit}’. 
The leukoplakia itself is not discovered until operation or at autopsy 
treatment being instituted for the associated condition. 

Leukoplakia of the renal pelvis occurs more frequently than is 
thought, but has probably been overlooked through lax observation oi 
pathologic conditions of the genito-urinarj' tract. A review of the 
literature reveals sixty-seven cases inclusive of the case herein given. 
The rarity of the condition seems to be only apparent. Patch noted 
that up to 1929, 123 cases had been reported in the entire urinary 
tract exclusive of the urethra. 

Leukoplakia may occur in any portion of tlie urinary tract from the 
renal pelvis to the urethra. Stevens, Blum, Czerny and Bugbee even 
reported cases of diverticulum of the bladder containing leukoplakia. 
Briggs and Maxwell analyzing eighty cases in the urinary tract, includ- 
ing those reported and their own, found the following distribution; 
vesical forty, renal twenty-four, renal and ureteral ten, ureteral and 
vesical four, and renal or ureteral or both two. Since the division is 
almost equal — forty-four vesical and forty renal cases — they concluded 
that it must occur more frequentty in the kidney, this diagnosis being 
made only at operation or necropsy, while the vesical cases might be 
more often diagnosed by cystoscopic observation of the bladder. Sixteen 
of the collected sixty-seven kidney cases had leukoplakia elsewhere, 
seven in the ureter, four in the entire urinary tract, two in the bladder, 
two in the ureter and bladder and one in the eye. 

Leukoplakia of the renal pelvis may occur at any time during life, 
its greatest frequency, however, being in the fourth decade, the third 
and fifth decades following. The youngest patient reported was 4 
months (Leber) and the oldest 70 years of age (Halle) (fig. /)■ 
Leukoplakia of the renal pelvis occurs equally in both sexes. In 
the sixty-seven collected cases it was found in twenty-nine males and 
twenty-eight females, ten cases not being stated. This observation 
confirms an earlier report of Hinman, Kutzmann and Gibson and is 
at variance with Hennessey in whose recent review of seventy-five 
cases of leukoplakia throughout the urinary tract, fifty-six were in t le 
male and nineteen in the female, a ratio of 3:1. Corsdress also oui 
leukoplakia of the urinary tract in general to be more prevalent m ma - 
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in the ratio of almost 2:1. The latter observations, however, seem to be 
time of leukoplakia in the lower part of the urinary tract. 

The distribution of the leukoplakia in the sixty-seven cases as to 
sides was right thirty-two, left seventeen, bilateral three and not stated 
fifteen. From this it ma)’ be noted that the condition tends to be 
unilateral, which is of importance in the treatment. 

While there are some reported cases of uncomplicated leukoplakia 
in the urinary tract (bladder) (Escat and Allcmann), leukoplakia of the 
renal pelvis nearly always has an associated infection. Some authors 
have given the bacteriology’’ especial mention; the type of organism 
probably is of small consequence, there being such a variation in 
bacteriologic data in the collected case reports. It is a fact that there 



Fig. 7. Curve, showing the age incidence in fifty-five collective cases of leuko- 
plakia of the renal pelvis. 

IS an infection present which is of importance and has made most 
obseivei's feel that it play's an important part in the pathogenesis. The 
frequent presence of cy’stitis, pyonephrosis, tuberculosis, lithiasis, etc., 
IS to be noted. ^ Table 1 shows an analysis of the sixty-seven 
co lected cases which are distributed as follows : cystitis, forty'-four ; 
pyonephrosis, forty-one; stone, twenty- five; hydronephrosis, thirty-one; 
tuberculosis, ten; carcinoma, eight. 

This analysis emphasizes the coexistence of infection and stone with 
t re leukoplakia and points strongly' toward the possibility of this 
process being an etiologic irritative factor. The finding of five squamous 
cell carcinomas .(Kischensky, Spiess, Thomson-Walker, Aschner and 
atc i). one adenocarcinoma (Fuetterer) and two vesical squamous cell 
caicinomas (Rona and Recktenwald) are evidence supporting Hinman 
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and Gibson’s idea that leukoplakia is not altogether a physiologic but 
also a pathologic process. Miscellaneous associated conditions have 
been orthostatic albuminuria (Beer), interstitial nephritis (Braatz), 
C3^stitis C3'stica (Ebstein), double renal pelvis (Israel), infancy (Leber), 
foreign body in the renal pelvis (Romiti), calculus in the opposite 
kidney and ureter (Rona) and Addison’s disease (Briggs and 
Maxwell) 

Symptomatology — Theie are no pathognomonic symptoms of 
leukoplakia of the renal pelvis. Most cases present the signs and 
symptoms of the coexisting or associated condition, the usual one 
being a urinary infection of long duration. The true condition is 
almost never diagnosed except at operation or autopsy. An exception 
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KUTZMANN— LEUKOPLAKIA OF RENAL PELVIS 


to this is StockiHanii’s and Beer’s cases in which cornified epithelial 
plaques were found in the urine, causing some observers to consider 
the passage of these as pathognomonic of leukoplakia. 

Nearly all patients complain of d 3 'suria, burning on urination, 
frequency, urgency and similar urinary disturbances, all of which are 
due to the associated infection (pyelitis, pyelonephritis, pyonephrosis, 
cystitis and lithiasis), the presence of which may have persisted over 
many years. Lumbar pains and backache varying from the dull type 
to the acute renal colic are encountered. The latter has been thought 
to be due in some cases to small leukoplakic plaques moving down the 
ureter. The urine nearly always shows infection and pyuria. 
Hematuria occurred in twenty-four of the si,\t}’-seven reported cases 
(35.S per cent). It was found in eleven of forty cases of pyonephrosis 
and pyelonephritis, five of thirty-one of hydronephrosis, nine of 
twenty-four of stone, four of ten of tuberculosis and one of seven of 
malignant disease. While in this analysis hematuria is shown to be due 
probably to the existing associated condition, it should nevertheless be 
considered as a significant sign. 

Careful urologic examination and study arc imperative to determine 
the exact status of the urinary tract and for the diagnosis of the asso- 
ciated condition. The leukoplakic process, if confined only to the renal 
pelvis, will remain undiagnosed in most cases. Careful cystoscopic 
examination of the bladder may occasionally give a clue. Leukoplakia 
may be noted here, the obseiu'er finding the irregular plaque membranous 
formation, varying in luster from a dirt)' white to gray, raised from 
either a normal or an infected vesical mucous membrane. The silvery 
gray luster of these areas causes them to stand out from the adjacent 
tissues. Close observation will show no blood vessels coursing through 
these areas. The possibility of finding a leukoplakia should always 
be borne in mind in all long-standing and chronic cases of urinary 
infection, and a careful pathologic examination should be made of 
all material removed from the kidney at operation. This method of 
procedure would probably prove that leukoplakia of the renal pelvis 
was of more frequent occurrence. 


Ticalmcnt. Since it is not possible to diagnose leukoplakia of the 
lena! pelvis as such, treatment must be directed toward the associated 
condition. The infectious process has usually destroy'ed the kidney 
beyond repair; if the condition is unilateral, nephrectomy' is the 
procedure indicated. The relationship of leukoplakia to malignant dis- 
ease (squamous cell carcinoma) should also be borne in mind when treat- 
ment is instituted. It has been found useless to treat these patients 
conservatively, because the associated condition has usually been present 
for a long period. 
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If there are any contraindications to surgical treatment, such 
palliative measures as pelvic lavage with a weak solution of silver 
iiitrate or removal of the desquamating membrane by curettement may 
be instituted. Fuiguration and application of radium has given onlv 
limited success in vesical cases. Stockmann reported a cure after 

twenty-one lavages of the renal pelvis with 5 per cent solution of 
silver nitrate. 


SUMMARY 

1. Leukoplakia of the renal pelvis is of importance because of its 
unknown etiology and pathogenesis, its difficulties in diagnosis and 
treatment and its relationship to malignant disease. 

2. Leukoplakia signifies the formation of white patches on the 
mucous membranes, that is, an epidermization of the mucosa with 
keratinization and desquamation. 

3. Leukoplakia of the renal pelvis is only relatively rare, sixty- 
seven cases being collected to date. This probably represents onlj' 
a part of a number of cases unrecognized or not reported. 

4. Leukoplakia of the renal pelvis is associated with a chronic 
urinary infection or lithiasis ; hence the clinical picture is one of urinary 
infection and chronicity. 

5. Leukoplalvia of the renal pelvis occurs most frequently in the 
fourth decade of life, is found equally in both sexes and occurs equally 
in both kidneys. 

6. There are two principal theories concerning the etiology of 
leukoplakia: (a) The process is one of metaplasia or adaptation and 
protection by cornification to a chronic irritative inflammatory environ- 
ment, (h) Leukoplalvia is of congenital origin, being due to misplaced 
embryonal ceil rests from the primitive ectoderm. 

7. The treatment is that employed for tire associated condition, 
nephrectomy usually being carried out if the condition is unilateral. 
Palliative measures such as pelvic lavage have been used. Fuiguration 
and radium Irave given limited success in vesical cases. 

8. One new case of leukoplalvia of the renal pelvis is reported. 
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OXYGEN CONTENT OF BLOOD IN PATIENTS 
WITH VARICOSE VEINS * 


ALFRED BLALOCK, M.D. 

NASHVILLE, TENN. 


The pathogenesis of varicose veins and the concomitant abnormal- 
ities of the circulation are not clearly understood. My purpose in this 
paper is to record observations made in the course of study of the blood 
gases in a series of patients with apparent abnormalities of the veins of 
the extremities. Although these observations are insufficient for signifi- 
cant conclusions concerning the pathogenesis of conditions peculiar to 
^aricose veins, they are sufficient for definite conclusions concerning 
ceitain fundamental facts that must be considered hereafter in similar 
studies. 

Most of the observations on the gases of the blood of peripheral 
vessels have been made for normal persons, and usually the blood of 
the upper extremities has been studied. De Takats, Quint, Tillotson 
and Crittenden ^ recently reported studies in which the carbon dioxide 
and oxygen contents of the blood of varices of the leg were compared 
with those of the blood from the cubital vein of the arm. They stated: 
“The carbon dioxide content of the varicose blood is definitely higher 
than that of the venous blood in the cubital vein of the same person. 
The reverse is true of the oxygen content.” In normal subjects they 
found the same carbon dioxide content in samples of blood from the 
cubital and saphenous veins. The oxygen content of the blood from 
these veins was apparently assumed to be the same. Goldschmidt and 
Light ^ found marked differences in the carbon dioxide and oxygen 
content of samples of blood from closely adjacent veins of the forearm. 
They stated: “Closely adjacent veins of the forearm may exhibit 
differences in their content of blood gases. The carbon dioxide and 
oxygen contents of two bloods, drawn consecutively from the band and 
bend of the elbow, may vary independently.” They found that the 
dependent position of the arm, even with the development of venous 
engorgement had little effect on the average gaseous content of the 
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blood from the veins of the forearm. De Takats and his co-workers 
did not state the position of their subjects when the samples of blood 
were drawn. 

METHOD OF STUDY 

The observations recorded in this paper were obtained from the study of 
several normal persons and ten subjects with varicose veins. In the patients with 
varicose veins the disease was limited to one extremity, except in two instances 
in which it was much more marked on one side. Patients with symmetrical 
disease were considered as unsuitable for this study. The extent of the clinical 
manifestations as regards the varicosities and ulceration is indicated in the indi- 
vidual protocols. 

The same method of procedure was carried out when possible in each person 
studied. Samples of blood were drawn from the femoral, saphenous and super- 
ficial veins of the leg in both the recumbent and standing postures. If the patient 
was standing, an attempt was made to obtain the samples of blood as nearly simul- 
taneouslj’ as possible; if this was impossible, it was attempted to have the patient 
stand for the same period of time when samples from the corresponding veins 

were withdrawn. Samples of venous blood were collected without stasis. Pre- 

cautions against contact with air were observed. The blood gas analyses were 
performed with the Van Slyke-Neill manometric apparatus. 

The study of the normal persons was only for the purpose of obtaining obser- 
vations before tlie study of abnormal cases. The results obtained are not to 
be considered in the sense of establishment of a normal standard of blood gas 
content, but only for the purpose of determining the effect of position. In these 
persons, blood from the femoral veins only was analyzed. Only the observations 
on one normal subject are recorded in this paper; others studied gave similar 
results. 

In the ten patients with varicose veins, samples of blood were withdrawn from 

the femoral veins; in two of these, no attempt was made to obtain blood from 

other localities. Samples were obtained from at least one other vein in the 
remaining instances. M^hen the figure for the o.xygen content of the blood from 
the saphenous vein or from one of the superficial veins of the lower part of the 
leg on the diseased side is given without the figure for a corresponding vein of 
the normal side, it is because the vein of the normal side could not be seen 
without the production of constriction which would vitiate the result. Six of the 
ten patients with varicose veins had ulcerations of the lower part of the leg, and 
one had had prerdous ulceration. 

OBSERVATIONS 

Since the effects of changes in posture were studied on the patients 
with varicose veins, similar studies were made on people without such 
disease. An example of such a study is given in table 1 . 

This table shows that the oxygen content falls rapidly when the 
patient stands, and rises when the patient again assumes the recumbent 
position. 

Case 1,— J. W., a colored man, aged 65, entered the hospital because of several 
small ulcers and many prominent veins on the losvcr part of the left kg. The 
c t saphenous vein felt cordlifcc. Several veins of the lower part of the right 
leg were a httlc more prominent than normal. The left kg was slightly larger 
than the right. Tlie patient had active pulmonarv tuberculosis. The Wassermann 
reaction was positive. 
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SaiTipJes of bJood were obtained from flip ■fprvip^-.i - j i 

that the oxygen content of the venous blood from 
1 femoral vein of the left or diseased side is higher than that on the 
opposite side. The oxygen content of the blood from the superficial 

veins of the lower part of the legs was slightly lower on the ulcerated 
side. 

Tablc l.-TIte Effects on Content of Blood Gases of Changes in Posture m a 
Patient IVithoiit Vancosc Veins; Sample of Blood fiom 
Right Femoral Vein 


Position 

Recumbent 


Upright for one minute . 

Upright for tiio minutes 

Upright for two nnd one-half minutes... 

Recumbent for one minute .. 


Carbon Dioxide 

Oxygen 


Content. 

Content, 


Volumes per 

Volumes per 

Saturation, 

Hundred Cc. 

Hundred Cfc. 

Per Cent 

49 90 

15 SO 



14 33 

h 


35.69 


5053 

10 74 

5S 

... . 

7 23 

39 

51.76 

ess 

37 

49 43 

11.70 

03 


Table 2. — Oxygen Content in Patient (/. JV.) with Varicose Veins and 
Ulcers of the Left Leg 


Vein 


Bight femoral .. 

Left femoral (dise.ised side) 
Eight saphenous .. . 


Recumbent Standing 

I — ^ f ^ ' 

Oxygen Content, Oxygen Content, 

Volumes, per Volumes, per 

Hundred Cubic Saturation, Hundred Cubic Saturation, 
Centimeters Per Cent Centimeters Per Cent 


S40 

52 7 

864 

51 2 


standing 5 minutes 
62S S32 

Standmg 0 minutes 
7 70 4S3 

standing 1 minute- 
3 87 21 3 

standmg 55£, minutes 


Left saphenous (disoased side) 

Lower part of the right leg .. 

Loner part of the left leg (above ulcer) 
Lower part of the left leg (above ulcer) 


11 34 71 2 SS7 0=>6 

Standing 0 minutes 

S30 515 GOO OS 

Standing S minutes 
. .. GCG SSO 

Standing 4 mlnntc' 
. . 546 313 


Case 2— B., a white man, aged 24, entered the hospital because of varicose 
veins and ulcers of the lower part of the left leg of about five j ears’ duration. 
The ulcers were very superficial and the foot had a c)anofic appearance The 
saphenous vein was easily visible. There was no immediate filling of the saphenous 
vein when the leg was suddenly lowered, with the saphenous opening occhitled. 

The Wassermann reaction was positive. 

Samples of blood were drawn from the femoral, saphenous and supcriicial 
veins of the lower part of the legs and of the ankles. The results are gnen m 
table 3. 

It is to be seen that whereas the oxygen content of the blood from 
the femoral veins is slightly lower on the diseased side, it is higher in 
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the saphenous vein of this leg. As was true of the previous case, the 
oxygen content is lower in the region of the ulcer than at a similar level 
on the opposite side. 

Case 3.— P., a white woman, aged 44, complained of varicose veins and a 
small ulcer of the lower part of the left leg. She first noticed the dilated veins 
fifteen years before entry, and the ulcer had been present for six months. The 
small ulcerated area was located just below a large bunch of varicose veins on 
the anterior surface of the middle third of the lower part of the left leg. The 
left saphenous vein was easily visible when the patient stood. The left saphenous 


Table 3. — Oxygen Content in Patient (B.) zvith Varicose Veins and 
Ulcers of the Left Leg 
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Case 4.-V. W. B., a colored man, aged about 35, entered the hospital because 
of varicose veins and ulcers of the right leg. The varicosities were first noticed 
sixteen years previously. The entire right leg and thigh were larger than the 
left. The ulcerated areas covered the greater part of the circumference of the leg 
The Trendelenberg test indicated incompetence of the deeper veins. Several 
observers obtained different figures for the blood pressure in the two legs, but 
all agreed that it was higher on the diseased side. The Wassermann reaction was 
positive. 

Samples of blood were draw'n from veins at various levels on both legs The 
results are given in table 5. 


This table shows that the oxygen content is consistently higher in 
the extremity with varicose veins and ulcerations. Changes in posture 
caused little alteration in the oxygen content of the venous blood on 
the diseased side, and the figures were nearly the same whether the 


Table S. — 0\ygen Content in Patient (V. IV. B.) xcifh Vaiicosc Veins and Ulcers 


Vein 

Biglit femoral (diseased side) . . . . 

Left femoral .... . 

Right saphenous, upper part of the thigh (diseased side). 


Right saphenous, middle of the thigh (diseased side) 

Right saphenous, at knee (diseased side) 

Lower part of right leg (diseased side). . . 

Lower part of the left leg 

Right ankle (diseased side) 

Left ankle 


Recumbent 

, — A ^ 

0\5'gen Content, 
Volumes, per 
Hundred Cubic 
Centimeters 

14 02 

15 25 

15 00 


standing 

Orygen Content, 
Volumes, per 
Himdred Oiibie 
Centimeters 

IS 79 
ass 

715 

12 0-5 

13 76 

13 70 

14 33 

15 82 
1527 
605 

15 04 

loot 


samples were taken from the upper or lower pait of the leg. Due to the 
fact that the patient had a positive Wassermann reaction and also 
because the ulcers were not entirely characteristically varicose, there 
was some doubt as to the diagnosis. It can be stated with certainty, 
however, that there were many prominent dilated veins. 


Case S.— H H., a white man, aged 30, entered the hospital because of claw 
feet It was noted on examination that he had several prominent veins on the 
anterior surface of the lower part of his left leg Both feet had a cyanotic 
appearance He had no ulceration at the site of the varicose veins. Tlie two legs 

were apparently the same size. • , . „ a 

With the patient standing, samples of blood were drawn from the ng i a 
left femoral veins and from veins at the level of the middle third of the lower 
part of both legs. The figures are given in table 6. 


The blood from the femoral vein on the side with varicose veins lat 
a higher oxy'gen content than that from the opposite side, but the 
reverse was true for the blood from the lower part of the legs. 
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Case 6 — J. W. T., a white man, aged about SO, entered the hospital because 
of an inguinal hernia. Some of the veins of the lower part of the right leg and 
the saphenous vein were prominent. There was no ulceration. Samples of blood 
were drawn from the two femoral veins w'ith the patient standing. The oxygen 
content of the blood collected from the right femoral vein, on the diseased side, 
was 9.77 volumes per hundred cubic centimeters, while that from the left was 
6.96 volumes. There was no marked difference in the size of the two legs 
Case 7. — T. C , a colored woman, entered the hospital because of a small ulcer 
on the lower part of her left leg which appeared six weeks before, following a 
local injury. She had had several prominent veins m this area for nine years 
There were no enlarged visible ^eins in the right leg. The left leg was slightly 
larger than the right. 

While the patient stood, samples of blood were drawn from the femoral veins 
and from veins of the lower part of the legs. The figures are given in table 7. 


Table 6 — O.xygcn Content of the Blood m Patient (H. H) with Vaiicose 
Veins JVithout Ulceration 



standing 

Void 

Eiglit femoral . 

Lett femoral (diseased side) . ,. . 

Lower part of tho right leg 

Lower part of the left leg (diseased side) 

Oxygen Content, 
Volumes, 
per Hundred 
Cuhic Centimeters 

4 95 

565 

13 41 

30 24 

Saturation, 
per Cent 

25 

28 

(S 

53 

Table 7 — Orvgeii Content of the Blood in Patient (T. C ) with Vaiicose 

Veins and Ulcer 

Vein 

Right femoral 

Left femoral (diseased side) 

Lower part ol the right leg, 

Ix>«cr part of the left leg (difea«ed side) 

Oxygen Con- 
tent, Volumes, 
per Hundred 
Cubic Centimeters 

19 43 

13 S7 

5 49 

5 49 


The oxygen content of the femoral v'enous blood was higher on the 
side with varicose veins. The content of the blood from the lower part 
of the leg was the same on both sides. 

Case 8 -A colored woman, aged 20, had a localized patch of dilated veins 
at the posterior surface of the left knee. There were no markedly dilated veins 
of the lower part of the legs and no ulceration. Samples of blood were drawn 
rom the two femoral veins with the patient lying down The oxygen content of 
1 1 C blood from the right femoral vein w’as 1026 volumes per hundred cubic centi- 
meters and that of the left (diseased side), 1068 volumes The oxygen content 

of the blood from one of the dilated veins with the patient standing ivas 1152 
volumes 

Case 9. AV. L , a white man, aged 59, entered the hospital because of varicose 
ems o 1 1 C right leg of fifteen years’ duration. He also had a small ulcer just 
a o\c tie ngu ankle. The right leg was definitely larger than the left. There 
iiaci heen previoush a large ulcerated area on this leg, and the area was markedly 
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anTlZtn^f f ^he saphenous vein was enlarged 

and J’ardened A large mass of veins was easily seen just above the discolored 

^ patient lying down, the oxygen content of the right femoral vein 
(diseased side) was 1 .1 volumes per hundred cubic centimeters, and that of the 
wL ^ entirely normal side) 10.2 volumes. The oxygen content of the 

was ® O" ‘he right foot distal to ulceration it 

a 16.32 volumes. Blood could not be obtained from the small veins of the left 
toot and leg. Corrected venous pressures obtained with a citrate monometer 
showed the following readings for a dilated vein of right leg: with the patient 
standing, 32 cm. of water; with the patient recumbent, 17 cm. of water. 

Case 10.— J. E. L., aged 65, entered the hospital because of ulcers and swelling 
of the lower part of the right leg. He first noticed large tortuous veins on the 


Table 8.—0.vygcn Content of the Blood in Patient (J. E. L.) with Thrombosis 
of the Inferior Vena Cava 


Vein 


Right femoral 

Left femoral 

Lower part of the right leg 

Lower part of the left leg.. 

Repeat observation 
Lower part of the left leg,. 

Repeat observation 
Lower part of the left leg.. 
iSepeaC observatioa 

Vein above umbilicus 

Left eireumilex 

Right femoral artery 

Left femoral artery 


Recumbent 

Oxygen Content, 

Volumes, per 

Hundred Cubic Saturation, 


Centimeters 

Per Cent 

11.80 

7S.0 

6.4S 

42.5 

12.54 

S2.0 

8.54 

oa.O 

12.04 

SO.O 

11.00 

74.0 


H.55 


Standing 

f~ , 

O.vygen Content, 

Voiunies, per 

Hundred Cubic Saturation, 
Centimeters Fci Cent 

Standing 12 minutes 
5.72 3T.S 

Standing 5 minutes 
S.S3 220 

Standing 4 minutes 
9.60 05.6 

Standing 2 minutes 
8.62 57.0 

Standing 4 minutes 
5.85 45.0 

Standing 3 minutes 
0.07 41.0 

Standing 10 minutes 
4.03 27.0 

Standing 7 minutes 
13.95 92.0 


lower part of tlie right leg, fhirt 3 --five years previously. During the past fifteen 
years, he had many ulcers of this leg, which disappeared and reappeared fre- 
quentljL The right leg became quite swollen about six days prior to bis admission 
to the hospital. Eighteen years before, prominent veins on the abdomen and lower 
part of the chest were noticed, and ten years before, the veins of the lower part 
of the left leg were thought to be enlarged. Several ulcers which healed rapi } 
appeared during this time on the left leg. 

On examination, many prominent veins were seen over the lower part o e 
chest and abdomen. The direction of the blood stream in these veins was upward 
Phenolsulphonphthalein injected into a vein of the lower leg could bo recowrea 
almost immediately from one of the dilated veins in the region of the umbilicus 
There were many prominent veins of the lower part of both legs. On le 
leg the scars of healed ulcers were seen, but there were no open areas. There 
were several open ulcers of the lower part of the right eg and a '“pe area o 
hyperkeratosis in the region of the internal malleolus. The rsgbt sapbenoi 
felt cordiike. A diagnosis of thrombosis of the inferior vena ^ g 

The results of the analyses on various samples of blood are gne 
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This table shows that the venous blood from the extremity with the 
larger varicose veins and the ulcerations had a higher oxygen content 
than the opposite side. 

To summarize briefly, in nine of the ten cases obseiwed, the oxygen 
content of the blood from the femoral veins was higher on the diseased 
side or more diseased side than on the opposite side. This relationship 
held in both the standing and the recumbent postures. Changing from 
the recumbent to the standing position resulted in a smaller drop in the 
oxygen content of the diseased side than in that of the normal side. In 
the instances in which it was determined, the oxygen content of the 
blood from the saphenous vein was higher on the diseased side. No 
definite relationship seems to hold between the o.vygen content of the 
blood of the dilated veins of the lower part of the leg and similarly 
located normal veins of the opposite leg, but the impression is gained 
that the oxj'gen content is lower on the diseased side when there is no 
ulceration and usually higher when there is ulceration. More cases will 
have to be studied in order to determine this point. 

SUMMARY 

1. The ox 3 'gen content of the venous blood of the femoral vein is 
highest when the patient is in the recumbent posture and decreases 
rapidly when the upright position is assumed. 

2. In patients with unilateral varicose veins of the lower extremities, 
the venous oxygen content is higher in the femoral vein of the diseased 
side. This difference is usuall)' accentuated when ulceration is present. 
Changes in posture cause less alteration in the venous oxygen content 
of the diseased side. Practically the same statements may be made 
regarding the oxygen content of the blood of the saphenous vein. 

3. When ulceration is not present, it may be stated, in general, that 
the venous oxygen content of varicose veins of the lower part of one 
extremity is lower than that of similarly placed normal veins of the 
opposite extremit}'. However, when ulceration and infection are 
superimposed on the varicose veins, the oxygen content is usually higher 
on the diseased side. 

4. Studies on one case of thrombosis of the inferior vena cava with 
prominent veins of the lower extremities revealed data similar to those 
obtained in the other cases with varicose veins. 

5. The observations suggest that the total flow of blood through a 
leg wifli varicose veins is increased. 



CARCINOMA OF THE COLON 
inthaperitoneal vaccination by aiixed vaccine of colon 

BACILLI AND STREPTOCOCCI * 

FEED W. RANKIN, M.D. 

AND 

J. ARNOLD BARGEN, M.D. 

ROCHESTER, MINN. 

Peritonitis is an urgent potentiality in any surgical maneuver for a 
malignant condition of the large bowel. The reasons for this group 
themselves mainlj' under three headings: (i) the peculiar conformation 
of the large bowel, which differs widely from the small intestine, both 
anatomically and physiologically; (2) the marked permeability of the 
large bowel when attacJied by malignant disease, due either to its 
peculiar structure or to mucosal injur}'' produced by large ulcerating 
carcinomas, and (S) the debilitation, dehydration and generally lowered 
resistance of patients who harbor neoplasms. 

A glance at mortality statistics shows the necessity and desirability 
of adopting any measure which will, even in a small degree, tend to 
obviate peritoneal contamination, and it was with this in view that 
the isolation and individualization of cases of diseases of the colon at 
the Mayo Clinic were undertaken two years ago. This formation of 
a colonic unit has permitted us to adopt uniform measures in all cases 
as well as to study in detail the different types, the situation, the 
grades of malignancy and the technical procedures applicable to each. 
It has urged the adoption of numerous measures as well as the aban- 
donment of many stejis hitherto deemed satisfactory in our service. 
Among the details which have contributed in some measure to the 
reduction of mortalit}^ and which have assured a more satisfactory 
outcome, has been the introduction as a routine in these cases of intra- 
peritoneal vaccine of colon bacilli and streptococci. We believe this 
measure has given sufficient satisfaction to merit our reporting its 
employment in a senes of sixty cases in which the patients were treated 
between June 1 and Nov. 6, 1928. 

Although this is too small a series to allow us to assert dogmatically 
that vaccination is likely to prove of extensive benefit in malignant 
conditions of the colon treated surgically, we believe that as an adjuvant 


* Submitted for publication, April IS, 1929. 

♦Read at the Soutliern Surgical Association, White Sulphur Springs, Va 
Dec. 11 to 13, 1928. 

♦ From the Divisions of Surgery and Jlcdicine, the ilaj-o Clinic. 



907 


RANKIN-BARGEN— CARCINOMA OF COLON 

to surgical procedures and as a step in the preliminary preparation of 
patients for radical extirpation of malignant growths, peritoneal vac- 
cination has marked value. Because, attending its use, there has been 
lessening of the postoperative reaction, a smoother convalescence and 
lowering of actual operative -mortality, it commends itself to open 
minded criticism and trial before condemnation. 

Herrmann ^ deserves great credit for pointing out the importance of 
the route by which protective vaccination may be carried out against 
gross fecal soiling and for working out methods of vaccination which 
are clinically adaptable. The reported work hardly does his thesis 
justice in that it is but a brief survey of extensive experimentation to 
establish ways and means of producing peritoneal immunity. Herrmann 
and others suggested that the exudate of peritonitis is a protective 
mechanism against the spread of bacteria and their toxins. He noted 
that if vaccination was seeming!}' complete, peritonitis did not appear. 
Similarly, varying gradations of vaccination resulted in varying amounts 
of fibrinous deposit and of exudation onto the peritoneum, David ■ 
also noted tliat when a transudate was formed in the peritoneal cavity 
of dogs, as by injection of hypertonic solution of dextrose, the absorp- 
tion of diphtheria antitoxin was augmented, whereas in the presence 
of peritonitis, its absorption was decidedly retarded. 

Metalnikov and Toumanoff,^ by injecting bacterial cultures or car- 
mine into the peritoneal cavities of guinea-pigs, found early response 
on the part of the microphages ; the maximal response occurred in three 
hours, but the proportion of macrophages was highest on the third day 
after injection, and the proportion of lymphocytes was highest on the 
fifth day. Phagocytosis clearly was manifested earlier in vaccinated 
than in nonvaccinated animals. 

Kittinger,^ in twenty-six cases in which there was a gangrenous 
or perforated appendix and in two cases of strangulated hernia, in 
patients ranging in age from 4 to 86 years, poured from 50 to 150 cc. 
of colon bacilli and mixed culture filtrates into the peritoneal cavity 
after the necessary surgical procedure and made a primary abdominal 
closure. All of the patients lived. 

1. Herrmann, S. F. : E.vperimental Peritonitis and Peritoneal Immunity, 
Arch. Surg., to be published. 

Q P<=dtonitis; an Experimental Study, Surg. Gynec. Obst. 

.287, 1927. David, V. C., and Sparks, J. L. : The Peritoneum as Related to 
Peritonitis, Ann. Surg. 88:672, 1928. 

3. Metalnikov, S., and Toumanoff, K.: Reaction des cellules et phagocytose 
Chez )e cobaye normal et immunise, Ann. de I’inst. Pasteur 39:909, 1925. 

4. kutmger, Alois; Die Bebandlung der citrigen Peritonitis mit keimfreien 
voi- und Miscbkulturrdtratcu (.A.ntivirus), Wien. klin. Wdmschr. 40:997, 1927. 
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Steinberg and Goldblatt in March, 1927, noted that after injectio., 
intrapentoneally of gum tragacanth and colon bacilli into animals bac- 
teremra did not occur, but peritonitis developed and death followed- 
^juth the injection of colon bacilli alone these organisms appeared iii 
the lymph and blood stream. They interpreted these data as meaning 
that the peritonitis is the serious part of the process. Later e.xperiments 
jy t em (January, 1928) tend to show that subcutaneous vaccination 
against such peritonitis is as satisfactory as vaccination by the intra- 
peritoneal route. Herrmann’s work tends to refute this hypothesis, 
and he demonstrates clearly not only the importance of the intraperi- 
toneal route of vaccination, but the greater importance of using a mixed 
culture of colon bacilli and streptococci isolated from the heart’s blood 
of animals that have died of peritonitis. 

As early as 1921, Draper ' advocated the use of an antiserum against 
these two organisms. At the time of colectomy on patients at Trenton, 
he isolated streptococci and colon bacilli from the mesenteric lymph 
nodes of patients. Horses were immunized with these two bacteria, 
and patients were given from eight to ten inj'ections of the horse serum 
over a period of a month with “definite decrease in mortality,” In 
a recent personal communication, he stated that this work has not 
been continued. 


Popesco-Combiesco ® recently demonstrated that e.xtracts of platelets 
injected into rabbits immunized against cholera vibrio prevented cholera 
peritonitis, ilfikulicz attempted intraperitoneal vaccination with colon 
bacilli but because of severe reaction to the patient, abandoned the 
method after three or four attempts. One of us (F. R.) had suggested 
repeatedly that vaccination of patients against peritonitis before opera- 
tions on the colon had great potential value. It remained but to work 
out methods. Herrmann’s experiments seemed so clearcut that we felt 
justified in attempting a similar procedure in patients who were to have 
resections of the colon for malignant conditions. The first vaccine 
used was prepared from human fecal^ strains of colon bacilli and strep- 


5. Steinberg, Bernhard; and Ecker, E. E.: The Effect of Antiserum Against 
the Soluble Toxic Substance of Bacillus Coli in Bacillus Coli Peritonitis, J. Exper. 
Med. 43:443, 1926. Steinberg, Bernhard; and Goldblatf, Harry: Studies on 
Peritonitis: I. Production of Experimental Peritonitis and Survival FoUo'vinit 
Intraperitoneal Injection of Bacillus Coli, Arch. Int. Med. 39:446 (March) 19-7. 

6. Goldblatt, Harry; and Steinberg, Bernhard; Peritonitis: HI. Active 
Immunization Against Experimental B. CoH Peritonitis, Arch. Int. Med. 41:S- 


(Jan.) 1928. 

7. Draper J. W.: The Use of a Colon-Streptococcus and Anti-Serum as a 
Pre-Operation Aleasure, Proc. Soc. Exper. Biol. & Med. 19:243, 1921-1 -- 

8. Popesco-Combiesco, Cornelia: Action preventive vis-a-vis de la perilonitc 
vibrionienne experimentale de I’extrait deplaquettes f immunises 
contre le vibrion cholerique, Compt. rend. Soc. de biol. 97:1001, 19-/. 
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tococci isolated from the heart’s blood of these animals after mass feces 
had been instilled in their peritoneal cavities. Similar strains were 
isolated later from patients who died with peritonitis, and most of the 
patients whose cases form the basis of this report received vaccine 
prepared from these strains of human origin. Vaccines were prepared 
separately from each of these organisms, and later a mixed suspension 
in sodium chloride was made with a density of about 1,000,000,000 
organisms for each cubic centimeter. The organisms were isolated by 
means of a blood agar plate, and after isolation they were grown in 
dextrose-brain broth (Rosenow) or pancreatic-digest broth. Twenty- 
five hundredths of a cubic centimeter of this vaccine made up to 1 cc. 
with physiologic solution of sodium chloride was given subcutaneously 
one week before the anticipated date of operation. If an unusual reaction 



Chart 1. — Temperature chart of patient who had had two injections of intraperi- 
toneal vaccine. Record for six days following ileocolostomy. 

did not occur, 1 cc. of this vaccine in 10 cc. of the solution was injected 
iutraperitoneally the next day. After an interval of two days, a similar 
injection ^vas given ; two days pt rest followed, and then operation 
was performed. 

Reactions following intraperitoneal injections all have been similar 
(charts 1 to 4) ; they are fairly severe and include rise in fever to 
as high as 103.5 F. within from two to four hours after the injection, 
diffuse abdominal soreness and tenderness, short jabbing abdominal 
pains, some distention, occasional chills and an invariable general 
leukocytosis. In from twelve to twenty-four hours this reaction sub- 
sides. a feeling of general well being prevails and often the entire 
blood picture improves. 

The reaction from the second injection is almost invariably lighter 
(table 1). 
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Three of the sixty patients who received this vaccine m the manner 
described, together with the other preoperative measures described 
elsewhere, and who underwent the various surgical proceduies (table 2) 
were found at necropsy to have had peiitonitis. These three do not 

Table 1 — Reaction to Vaccmc 


Case 

1 


s 

4 

5 
G 

7 

8 
9 


Before Vaccine 


After Vaccine 

A 



Erythro- 

Hemoglobin, 

cytes, 

Per Cent 

I^lilhons 

65 

3 58* 

48 

315 

40 

2 76 

46 


65 

38S 

79 

4 59 

65 

3 89 

76 

4 22 

53 

3 71 


— ■ - X / • — ■ 

LeuXo- 

cytes, Hemoglobin 
Thousands Per Cent 


10 0 

73 

66 

60 

76 

40 

72 

65 

116 

SO 

10 6 

S3 

88 

75 

112 

78 

45 

GS 


Prythro 


cj tes, 

Leukocytes, 

Millions 

Thousands 

4 72 

14 2 

392 

132 


100 

3 09 

16 9 


15 0 

424 

17 3 

SCO 

13 5 

4 52 

14 5 

4 70 

18 6 

4 19 

60 


Tem 

pcnture, P 

103 0 
1015 
102.0 
1010 
1012 
1010 
100 5 
1012 
103 0 
102 5 


* Ileocolostomy 


Tablc 2—Ot’cialwiis Aftci Ticatmcnt by Vaccine 


Patients Lesion 

5 Onrcmonin 
4 Carcinoma 
3 Carcinoma 
1 Sarcoma 

6 Carcinoma 


Site 

Cecum 

Ascending colon 

Hepatic flexure 

Hepatic flexure 

Transverse colon 

Transver«o colon 
Transverse colon 


Carcinoma 
Carcinoma 

Carcinoma Transverse colon 


Carcinoma 
Carcinoma 
Carcinoma 
carcinoma 

Carcinoma 
Carcinoma 
Carcinoma 

Carcinoma 
i Carcinoma 
13 Carcinoma 


Splenic flexure 
Splenic flexure 
Descending colon 
Descending colon 

Descending colon 
Sigmoid colon 
Sigmoid colon 

Sigmoid colon 
Sigmoid colon 
Heetosigmoid colon 


9 Carcinoma Hectum 


Carcinoma Ileum , 

JIaltunction- Sigmoid colon 

ing ileocolos- 
tomy and cc 

cosigmoid- 

ostomy _ , „ 

Olironic ul- Colon 

cerative colitis 


Surgical Procedures 

First stage, ilcocolostomj . 'ccond stage, licmi 
FiS’'ftage, ilcocolostoms. second stage licmi 
Fimt'stagel ilcocolostomj , second stage, hcmi 
Firet 'sta™e, ilcocolostomj , second stage, licmi 

Obstroet°?e’’ resection (first and second stage 
Mikulicz) 

Krst’'a“Dd’°second stage Mikulicz and appcncli 

FiSf and second stage Mikulicz and partial 

Firet'a^d^'^cond stage Mikulicz 

Fimt ond^second stage Mikulira nnasto 

Colostomy and aseptic resection ivitti anas 

Fi“rstagr'comMomj! s"?ond stage rejection 

F!St" 

resection with nnastomosis 
Ceco'stomj, “comSd '’abdonilnopcr 

sr”'nd“ first s^iger colo«tomj , second 

F,^\"tagT*omj, second stage, posterior 

KcSon” nd end to-end anastomosis 
Cutting oil and repairing 


i’vploration and biopsy 


that in only three cases v a P j^^gted in the 
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in the group which received vaccine, and the patients were operated on 
under the same conditions hy the same surgeons. Of these fourteen 
died, a mortality of 23 per cent as against 5 per cent in the vaccinated 
cases. 

The lowering of the mortality by 18 per cent in this series, while 
perhaps not attributable entirely to the vaccine, recommends it as a 
likely factor. The ages of the patients who received vaccine were as 
follows ; four in the fourth decade, fourteen in the fifth decade, eighteen 
in the sixth decade, thirteen in the seventh decade and six in the eighth 
decade. The ages of the patients who did not receive vaccine were: 
seven in the fourth decade, fifteen in the fifth decade, seventeen in the 
sixth decade, fifteen in the seventh decade and six in the eighth decade. 



Chart 2. — Temperature chart of patient who had had two injections of intra- 
peritoneal vaccine. Course following first and second stage Mikulicz operation for 
obstructive carcinoma of the transverse colon. 

Postoperative reactions, as measured by a rise in temperature, were 
greater in the nonvaccinated than in the vaccinated group. With the 
exception of one case in which the temperature rose to 105 F., the 
highest fever attained in the vaccinated group was 103 F. The average 
duration of fever after operation in the vaccinated cases, including 
three cases in which fever persisted for eighteen, nineteen and twenty 
days, respectively, was four and nine-tenths days. In several cases the 
maximal rise of temperature after resection was as low as 99.5 F. 

ith the exception of one case in which the temperature rose to 106 F., 
die highest fever attained in the unvaccinated group was 105.5 F. 
he latter temperature occurred in several cases. In several cases the 
o\\ level of 101 F. was attained as the maximal rise in temperature 
a ter resection. The average duration of fever after operation in the 
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group of cases in which vaccine was not given, omitting one case in 
vhmJi fever persisted thirty-five days, and another in which it continued 
or many weeks was ten days. The groups include patients with 
e ions of all parts of the colon and rectum, one patient with carcinoma 
ot the Ileum and several patients who underwent resections for 
mechanical or adhesive obstruction. 


There were seven patients with carcinoma of the cecum, four with 
carcinoma of the ascending colon, three with carcinoma of the hepatic 
flexure, one with sarcoma of the hepatic flexure, ten with carcinoma 
of the transverse colon, two with carcinoma of the splenic flexure, 
three with carcinoma of the descending colon, nine with carcinoma of 
the sigmoid, twelve with carcinoma of the rectosigmoid, six with carci- 
noma of the rectum, one with carcinoma of the ileum, one with a 



Chart 3. — Temperature chart of patient wlio had Iiad coiostomy and combined 
anterior and posterior resection for rectosigmoidal carcinoma after two injections 
of intrapen'foneal vaccine. 


malfunctioning ileocolostoiny and cecosigmoidostomy, and one with 
chronic ulcerative colitis. 

The group of patients who died following resection of the colon, 
after having had intraperitoneal vaccination, was small. Although the 
three cases which we discuss briefly do not represent the whole mortality 
in this series, they represent the total mortality among those patients 
who had peritonitis. 

One patient, a man, aged 40, had an ileocolostom}' for carcinoma 
of the cecum and ascending colon and died on the twelfth daj.froni 
general peritonitis and ileus. This man had a large, fixed fiiiiior o 
the cecum which was adherent to the abdominal wall. The advisability 
of resecting this tumor at a subsequent stage was questionable because 
of its immohilitv. An aseptic anastomosis was carried out satisfactorily, 
and we believe that peritonitis came from the exploration of the growth. 
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The second case was that of a man, aged 31, with a colloid car- 
cinoma of the rectum, on whom a combined abdominoperineal resection 
was performed in one stage. He died seven days later, with general 
peritonitis and pelvic cellulitis. 

In the third case, there is a question as to the accuracy of the 
diagnosis of cause of death. This patient was a man, aged 68, who 
had carcinoma of the transverse colon for which a temporary colostomy 
proximal to it was done. He died seven da)'’S later, and it was found 
that he had exudative peritonitis, but he also had marked myocardial 
degeneration and arteriosclerosis graded 3. The postoperative con- 
valescence was entirely uneventful until the sixth day, when he suddenly 
went into collapse with some pain in the chest, dysi^nea, cyanosis and 
a thready, rapid pulse which led us to believe he might be the victim 



^a!{5!r 7 5 9 10 U IZ 13 14 15 16 17 16 13 20 21 25 

Days after second opepation 12 5 4 5 6 

Cliart 4. — Temperature chart of patient who had had resection of the right 
colon following injection of intraperitoneal vaccine. Rapid return to normal of 
pulse and temperature is shown. 


of ]Dulmonary embolus. He died twelve hours later. We count this 
death as one of peritonitis following colostomy, but believe that it is 
e.xticmely doubtful whether the peritonitis actually was the cause. 

Another case in this series in which the patient died is recorded 
because of the fact that a secondary operation for obstruction was 
necessary seven days after the resection, and at that time the abdomen 
was entirely free from any infection or contamination. This patient 
was a woman, aged 47, who had had a rectosigmoidal carcinoma and 
on \\hoin a combined two-stage abdominoperineal resection bad been 
per orined. The colostomy was done on July 23 ; the resection, on 
Uj,. , 1928. The first day following resection, ileus developed and 
enterostomy was performed. A loop of small bowel was found to be 
luge y distended and obstructed from adhesion into the pelvis. Enter- 
ostomy for acute intestinal obstruction was then performed. It was 
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noted that the peritoneal cavitj' was clear of any infection, and it was 
felt that relief from obstruction would prove life saving; however, 
the patient died eight days later, and peritonitis was found at post- 
mortem examination. Unquestionably, this peritonitis came from the 
enterostomy. 

Table 2 shows types of operations performed after patients had 
been vaccinated and had received other preoperative care. The pro- 
cedures employed in cases of patients who did not have vaccine were 
similar, although in a number of instances operations thought to he 
accompanied by less risk were employed. 

CONCLUSIONS 

Intraperitoneal vaccination with colon bacilli and streptococci, as an 
adjunct to other preoperative measures, seems a valuable asset in the 
treatment of patients with malignant growths of the colon. In this 
series of sixty cases, there was a definite lowering of mortality from 
peritonitis. 

Postoperative convalescence was noticeably smoother than in the 
similar group of cases used as controls. 

The value of cooperative management in these cases is well estab- 
lished, and selection of patients for operation, of types of operation for 
individual patients and of methods of anesthesia are important factors 
in the surgical treatment of malignant conditions of the colon. 



ACUTE OBSTRUCTION OF THE SMALL INTESTINE 
DUE TO A GALLSTONE 

RECOVERY FOLLOWING OPERATION * 

COLDER L, McWhorter, m.d, ph.d. 

Assistant Clinical Professor in Surgery, Rush Medical College of the 
Universit 3 - of Chicago 
CHICAGO 

Intestinal obstruction due to a large gallstone impacted in the lumen 
is rare enough to occasion considerable interest. The early recognition 
of the condition is of especial importance because of the dangers of delay 
in operation. 

Courvoisier,^ in 1S90, collected 131 cases of obstruction due to a 
gallstone. Wagner - found a total of 334 cases on record in 1914. 

In a study of 3,064 cases of intestinal obstruction, reported from 
seven hospitals in 1925,^ there were only 28 due to a gallstone. The 
most frequent causes were hernia, intussusception, carcinoma, adhesions, 
internal strangulation and volvulus. 

The age at which obstruction from a gallstone usually occurred was 
between 50 and 70 years. It was more common in women, in whom the 
incidence was 191, than in men, in whom it was 71 (Wagner). 

Gallstones may gain access to the intestinal tract by perforation from 
the gallbladder or by entrance from the common duct. 

In 36 cases studied, Courvoisier found a fistula from the gallbladder 
into the duodenum in 25, into the ileum in 1, and into both the duo- 
denum and the colon twice. In the remaining 7 cases, the gallstone 
evidently entered through the choledochus. 

Perforation from the gallbladder may follow a primary inflammation 
with attachment to a viscus or the inflammation may start in the latter, 
as from a perforating ulcer of the duodenum. 

Courvoisier described fistulas betrveen the gallbladder and the pleura, 
the lungs, the female genitals, and passage of gallstones from the urinary 
bladder. 

Ihe site of incarceration of the gallstone is usually in the terminal 
ileum because of its small lumen. Hermann * found in 145 cases that 

* Submitted for publication, March 2, 1929. 

1. Courvoisier, L, G. ; Beitragc zur Pathologic und Chiriirgie der Gallenvcfre 
Leipzig, 1S90, p, 101. 

2. \\ agner, Arthur ; Ileus durch Galleusteine, Deutsche Zfschr. f. Chir 
130:353, 1914. 

3. Report from .Annual Meeting of the British Medical Association, Brit 
M. J. 2:993 (Kov. 18) 1925. 

4. Hermann, quoted by Wagner. 
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the point of obstruction was in the colon in 13 cases, tlie duodenum in 
9, the jejunum m 30 and the remainder in the small intestine, chiefly the 
terminal portion. 

Wagner reported a fatal case in which two separate perforations 
from the gallbladder into the duodenum were followed by attacks of 
ileus fifteen days apart, and operative removal of the gallstone during 
each attack. 

Unusually large gallstones have reached the terminal ileum before 
incarceration. Rankin and McKeith ® reported one measuring 6.9 by 
8.5 cm., Clement “ found one gallstone measuring Zyi by inches (6.3 
by 3.1 cm.). Bennett ’’ removed one at operation with the greatest cir- 
cumference of inches (14 an.) and weighing 636 grains (41.3 Gm.). 

Large gallstones have passed spontaneously after severe symptoms 
of ileus. Colclren ® reported one 2 b}'' 1 inches (5 by 2,5 cm.) in diame- 
ter, which passed after severe obstructive symptoms for one week, rvith 
recovery. A volvulus of the small intestine occurred above the gall- 
stone obstruction in a case reported by Smith." 

The onset of symptoms is usually acute, with severe colic, persistent 
pain and vomiting. Moore observed that the pain may be more on 
the left side. Visible peristalsis may be observed. The vomitus usually 
contains bile at first, and then becomes fecal with the development of 
tympanites and other evidence of obstruction. The condition of the 
patient is usually good for the first few day's. 

Wagner stated that one may occasionally palpate the gallstone. 
Bonnecaze and Le Chau.v:^^ stated that a tumor, may be felt with the 
patient under anesthesia, and that the symptoms of obstruction may be 
mild but persistent. 

A roentgenogram of the abdomen may show distention of the small 
intestine, characteristic of obstruction, with the shadow of the gallstone, 
as in the case reported. Displacement of the colon may' result from the 
distended loops of intestine. As a means of localizing the obstruction 


5. Rankin, F., and lAfc Keith ; Gallstone Ileus, Kentucky M. J. 22:236 (July) 
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6. Clement, G. H. : Intestinal Obstruction Due to Gallstones, Canad. -M. A. j. 

11:262 (April) 1921. ^ „ t, v rr T 

7. Bennett, Charles: Obstruction of Small Intestine by Gallstones. Brit. . .J- 

1:565 (March 27) 1926. -r it vr T 1-783 

8. Coldren, R. S.: Intestinal Obstruction by Gallstone, Brit. - . J. 

Smith, N. R. ; Acute Intestinal Obstruction Due to a Gallstone, Cnt. M. J- 

2:479 (Sept. 12) 1925. „ , -yr jt c t 192-1051 (tlaj' 28) 

10. Moore, G. A.: Gallstone Ileus, Boston M. & S. J. 192. WdI ( 

Bonnecaze, J„ and Le Chaux. A.: Arch, d- ^ab * I’app. digestif 14:201 
(March) 1924; abstr., J. A. M. A. 82:1821 (May 31) 19-4. 
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in the small or large intestine, it may be advisable to use the roentgen 
rays follovdng a barium enema. Although the symptoms may be sug- 
gestive, the diagnosis has rarely been made before operation. 

The prognosis is good with early operation, since there is rarely early 
strangulation of the obstructed intestine. However, the mortality rate 
has always been high, due to late operation. Fourteen of twenty-eight 
cases were fatal.® 

The treatment is immediate operation. Usually removal of the gall- 
stone and closure of the intestine is all that is necessary. An enterotom)" 
was done in twenty-five of twenty-eight cases, and an enterostomy in 
three.® 

REPORT OF CASE 

History. — J. D., a woman, aged 63, complained of acute pain in the epigastrium, 
vomiting, loss of appetite and some fever. 

The onset began with sharp pains in the epigastrium one week before admission 
to the hospital. They were somewhat intermittent, but had been worse the 
previous night. There was radiation of the pain to the back. Nausea was severe 
with some vomiting of dark, bitter material increasing in severity the last two 
days. 

There had been two previous similar attacks of pain, one fifteen years ago, and 
another, a year ago. There had been numerous mild attacks of pain and discom- 
fort especially during the last year. The patient had never been jaundiced. 

The bowel movements had been regular, with slight constipation the last two 
months. Tliere were no clay-colored stools. The appetite was usually good. The 
patient iiad never noted that any special food caused distress. On admission to 
the hospital, she weighed 233 pounds (105.7 Kg.), showing a gain of 40 pounds 
(18.1 Kg.) in the last six months. 

Tlie patient had passed five or six small stones from the bladder, some during 
tlie last year. There was an occasional slight burning on urination, but no 
hematuria. 

S!ie had had pneumonia eiglitecn years ago, and had had smallpox when a 
child. Tlicrc was no history of typhoid. An operation had been performed three 
years ago when the uterus was removed for a tumor. 

She had had two children, both of whom were living and w’ell. Her father 
died at 76 years of age with kidney' trouble, and her mother at 76 with heart 
trouble. She had five brothers, who were well, and three sisters, who w'ere dead. 

Examination. — The woman was very obese and did not appear acutely ill. 
The abdomen was prominent and fat. Tenderness with some muscle spasm and 
rigidity was present over the region of the gallbladder, but no mass was palpable. 
The abdomen was not distended with gas. Otherwise the results of the examina- 
tion were negative. 

The pulse rate was from 96 to 108. The temperature was 100 F., increasing a 
little during three days of observation in the hospital. 

The blood count showed: white blood cells, 11,800; hemoglobin, 70 per cent; 
red blood cells, 4,780,000. The blood pressure was 120 systolic and 58 diastolic. The 
urine was normal, c.xcept for a trace of albumin on the second day. An Ewald 
test-meal demonstrated free hydrochloric acid, 35; total acid, 40. The stools 
v'cre negative. The van den Bergh test of the blood was negative on both the 
tlircct anti tlic indirect reactions. 
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Fig. 1. — The insert A was made from a roentgenogram taken two days before 
operation. It shows the shadow of the suspected gallstone over the region of the 
gallbladder. The more dense central area was thought to be a gallstone, while 
the outer area of density resembled an enlarged thickened gallbladder. B, made 
from a roentgenogram taken eight days following operation, shows that the shadow 
had shifted downward. At a second operation a huge gallstone was found impacted 
in the terminal ileum, with complete intestinal obstruction. Several markedly 
dilated loops of small intestine are clearly^ shown in the roentgenogram. 


First Operation. — Ethylene with some ether was given. The abdomen vas 
explored as well as possible, considering the obesity. No abnormalities, apart from 
the gallbladder region, were found. The intestines were not distended, and the 
pancreas was normal. There was an acute inflammatory mass over the region 
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of the gallbladder formed by adhesions of the omentum to the liver and duodenum. 
This mass was hard and edematous, resembling a malignant induration. 

The omentum was carefully separated from the liver, and a small friable, 
thickened gallbladder was opened. The first portion of the duodenum was found 
to be intimately adherent to the gallbladder with extensive inflammatory tissue. 
When they were separated, a large opening was observed over 4 cm. in diameter 
in the duodenum, freely discharging bile and a lacerated opening along the low’er 
side of the gallbladder. Owing to the extensive adhesions and inflammation, the 
existence of a perforation before separation of these viscera could not be definitely 




big. 2 A illustrates the large gallstone completely impacted in the terminal 
ilctmi. B was drawn from a roentgenogram of the gallstone after removal. It shows 
a dense central shadow and an outer lighter zone with tsvo or three slightly shaded 
concentric layers. The stone measured 4 cm. by 4.8 cm. in diameter. 

determined. Ihc hole in the duodenum was closed transversel 3 ' with laj'ers of 
catgut and silk and covered with omentum. 

The gallbladder was thickened, friable and severely lacerated. The cystic duct 
was narrowed and edematous. It admitted only a fine probe. The opening was 
enlarged, and the enlarged common duct was probed and palpated. The bed of 
the gallbladder in the liver was then searched for a gallstone, but none was found. 
■ nice the flow of bile from the common duct into the duodenum was not 
oistructed, and .since the patient was not a good risk, due to her age and obesit.v. 
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no f urther exploration was done. The gallbladder was removed and the opcnine 
in the cystic duct closed with catgut. Drainage lubes were inserted and the 
abdomen was closed. 

Postoperative Course.—For the first few days following the operation, con- 
valescence was not unusual, although' vomiting frequently occurred with small 
amounts of liquids. The stomach was washed, but vomiting persisted. After the 
first few days the stomach was washed more frequently, but gastric retention still 
persisted. On the sixth postoperative day, the gastric contents were observed 
to be foul smelling and of a brownish color. The stomach was washed every 
four hours day and night for the next two days. On the seventh day, there was 
copious drainage of bile from the wound and the amounts obtained from aspiration 
of the stomach were much lessened. On the eighth day, the patient seemed con- 
siderably weaker, and distention of the abdomen was noted for the first time. 

During the entire postoperative course, plenty of fluids were given subcutane- 
ously and by rectum. There had been little abdominal pain or complaint following 
the operation. 

A roentgenogram of the abdomen was taken on the eighth postoperative day. 
There was a spherical shadow similar to that seen in the region of the gallbladder 
but it was now considerably lower on the right side, in the angle between the 
lumbar spine and the crest of the ilium (fig. 1 B). Distention of several loops oi 
small bowel with gas, with w'idest measuring about 8 cm. was plainly seen. The 
stomach and colon were not distended. A diagnosis of obstruction oi the terminal 
ileum by a gallstone was made. 

Second Operation . — The second operation was done at once under local anes- 
thesia. The region of the previous operation was prepared and walled off care- 
fully, and the incision was made to the left of tlie umbilicus. Moderate distention 
of the jejunum and ileum with gas was present, with but little fluid content. The 
duodenojejunal angle was located and the intestine followed down until within 1 or 
2 feet of the terminal ileum. Here the distended bowel terminated suddenly, due 
to a large gallstone, whicli was tightly impacted in the lumen. The bowel was 
completely collapsed belou' it (fig. 2 A). 

A longitudinal incision was made and the gallstone removed. The intestine 
was not gangrenous and the opening was closed transversely with catgut an 
fine silk. There was a small amount of turbid exudate in the peritoneal cavity, 
but the region of the liver and bile ducts was not disturbed. Closure was done 
without drainage. 

Postoperative Course . — Convalescence was uneventful and bile drainage stoppe 

after ten day's. . , 

The microscopic sections of the gallbladder showed an acutely inflamed, grea > 
thickened wall. The gallstone was black and moderately soft on the 
measured 4 cm. by 4.8 cm. A roentgenogram of this stone showed a cc . 
spherical dense shadow and an outer, more oval lighter shadow (fis- 
Several concentric outer layers w'ere evident m this film, but not m losc 
tile abdomen. 

COMMENT 

It is probable that the gallstone perforated shortly before the first 
operation, since the roentgenogram taken two days before showc 
shadow in the region of the gallbladder. Vomiting and ’- 'r" " 

developed that day. were probably the result of the entrance of the arg 
stone into the upper intestine. However, the stone probably did 
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produce complete obstruction until the eighth postoperative da}’. Then 
it became completely impacted in the lumen of the narrow terminal 
ileum, and tympanites developed. 

A roentgenogram was then taken of the abdomen, which showed 
marked distention of the small intestine and downward displacement of 
the shadow of the gallstone. This permitted a correct diagnosis. 

•At the first operation, the gallstone was thought to be only the central 
dense shadow surrounded by a thickened gallbladder, giving a faint 
shadow. There was no indication to strip the small intestine before 
exploring the indurated mass about the gallbladder, since there was no 
distention of the intestine. After the opening in the duodenum was 
closed, the bile ducts explored and the severely lacerated gallbladder 
removed,- the condition of the patient did not justify prolonging the 
operation in further search for the gallstone. 

The shadow interpreted in the first roentgenogram as the gallstone 
was only the denser core, which was apparently small enough to pass 
through the intestine. If it had been possible to determine that such a 
large gallstone had already perforated into the duodenum it would have 
been preferable to find and remove it without disturbing the inflamma- 
tory mass about the gallbladder. 

CONCLUSIONS 

1. A gallstone as a cause of intestinal obstruction should be consid- 
ered with symptoms of inflammation of the gallbladder followed by 
those of intestinal obstruction. 

2. Roentgenograms may show characteristic evidence of intestinal 
obstruction together with the shadow of the gallstone. 

3. Early operation should be performed. 
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KIDNEY 

AiiOiNfl/icj.— Kimbrough ‘ reported a case of carcinoma of a horse- 
shoe kidney occurring in a man, aged 35 years. Cystoscopic exarni 
nation did not show anything of a pathologic nature m the bladder. 
A specimen from the left ureteral orifice was bloody, and one from 
the right was clear. Catheters were passed to the pelvis of the kidn > 
without difficulty. A pyelogrum revealed that the right ureKr enterrf 
the pelvis laterally and was somewhat dilated. 
toward the median line and the pelvis was dilated. The left y 
was orier the third and fourth lumbar vertebrae. During genera - 
Nation a palpable mass was felt in the left side of t ^ ^ 
the crest of the ilium. The mass was smooth, firm an 1 
and was posterior to the descending co on. t had - 
1 cm. with respiration. The preoperative diagnosis Yas g 

anomaly, probably fused kidney. walled-off mass 

At operatiou a large, fairly “''■'tf'S’/r"''',; 
about 10 au. in diameter was .exposed beh.nd 
layer, reaching upward under the ri s o 
across the median line below the stomac 

mesocolon ol the descending colon was „„„ecte<l with th' 

through this opening. The mass was de« and con « 

opposite kidney a. the exposed, and the 

tissue. After considerable difficulty divided. The isthmus 

pedicle and ureter were doubly clamped and dnidecl 

* Submitted for publication, Aug. 23 jU, Surgeon 64 : 

1. Kimbrough, J. C.: Carcinoma of a Horse 

91, 1929. 
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was divided and the left kidney Avas delivered. The kidne}' measured 
approximately 17 by 11 by 10 cm. The pathologic diagnosis was papil- 
lary adenocarcinoma. 

[Compilers’ Note. — Pathologic changes are more common in horse- 
shoe kidneys than in the usual type of kidneys. Obstruction, infection 
and stone result from inefficient ureteral drainage. The formation of 
tumor, which is comparatively common in horseshoe kidney, apparently 
results from the same causes. Hellsten - found eight tumors in 107 cases 
of operative horseshoe kidney. Morle}' = reported a case of papilloma 
of the renal pelvis causing hydronephrosis. Wolff * reported a case 
of hypernephroma with extensive metastasis, even in the opposite renal 
segment. Haas described an unusual case in which the resected right 
kidney showed three different types of renal tumor. A hypernephroma 
about 8 cm. in diameter was found in the upper pole, an adenoma about 
3 by 5 cm. was found in the lower third, and a small papilloma was 
found in the lower division of the pelvis. Several more recent cases 
of squamous cell tumors associated with calculi have been reported. In 
most of the published reports the cases are unusual in that the tumors 
arc generally found in the right division of the horseshoe mass.] 

Campbell “ presented a clinicopathologic study of nine cases of com- 
plete unilateral agenesis of the kidney found in 13,000 necropsies at 
Bellevue Hospital and one case presumably of this character observed 
clinically. In a series of 122,320 necropsies which Campbell reviewed, 
he found an incidence of one case of unilateral renal agenesis in 
1 ,610 cases. 

Clinically, apparent pathognomonic signs or symptoms of unilateral 
kidney arc not present, and the condition is usually' not suspected during 
life. The diagnosis is often not made until operation. Ransahoff 
stressed the surgical import of this condition ; in 1912, he reviewed 
eleven cases in which, unknowingly, the only kidney had been removed 
or was otherwise surgically' incapacitated. All the patients died 
promptly of uremia. Age is a factor of comparatively little importance. 
•A. person whose kidney is congenitally absent may expect as long a 
span of life as that for many patients on whom nephrectomy has been 

2. Ilcllstcn, 0. T. : A Case of Hydronephrosis in a Horseshoe Kidney ; 
Ilcmincphrcctomy, Acta chir. Scandinav. 59:415, 1925-1926. 

3. Morlcy, John : Case of Papilloma Causing Hydronephrosis in a Horseshoe 
Kidney, Lancet 1:1617, 1910. 

4. \\ old, T, R. : A Case of Hypernephroma in a Horseshoe Kidnev, .-\m, J. 
Urol. 8:627, 1912. 

Haas, X. C. : Tiiniorcn in Hufersennieren. Ztschr. f. Urol. 19:81, 1925. 

6. Campbell, H. F. : Congenital Absence of One Kidnev : Unilateral Renal 
AcenesiK. Ann. Snrg. 88:1039. 1928. 
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performed. Campbell noted, however, that in a third of the cases of 
this series that came to necropsy the patients died of renal failure. 

Renal vessels were not found in seven of the series, and in two 
instances their presence was not recorded. In a series of thirti'-nine 
cases of renal aplasia which Campbell reported elsewhere, a few were 
of degenerative type and unquestionably would be overlooked unless 
the atrophic vascular supply gave a clue. There was evidence of 
ureteral budding in only one of Campbell’s cases. A fibrous thread left 
the bladder at the normal exit but was lost in the lumbar retroperitoneal 
fat. In none of his cases was a ureteral opening present on the affected 
side ; dimpling was seen in four cases. Aplasia or agenesis of genital 
and reproductive organs is occasionally associated with renal agenesis. 
A unicorn uterus with rudimentary ovary and fallopian tube was found 
in two instances. In another case, the testicle on the involved right 
side was retroperitoneal and atrophic. The right seminal vesicle and 
vas deferens were also atrophic. 

The solitar}'' kidne}^ must often bear an exceedingly heavy burden; 
in three of the cases a destroyed kidney was found at necropsy. In one 
case there was generalized infarction, in one case, acute suppurative 
focal nephritis, and in another case, a typically scarred kidney of 
chronic interstitial nephritis. All the patients died of uremia. 

[Compilers’ Note. — Attention is called again to the importance 
of bilateral renal investigation, if a surgical procedure on the kidney or 
ureter of one side is contemplated. Although the differentiation of 
solitary kidney and renal aplasia, atrophic pyelonephritis and occluded 
renal tuberculosis may be difficult, the practical point which can be 
demonstrated is that one kidney does not function. If this is demon- 
strated, it is sometimes necessary to change the character of the treat- 
ment of disease on the side which is carrying on the function.] 

Hennessey • reported a case of congenital solitary kidney. Three 
hundred seventy-two cases of congenital absence of the kidney have 
been reported in the literature. The frequency of this anomaly as indi- 
cated by necropsy reports is about one in 1,000 cases. The presence 
of two ureteral orifices does not always indicate that there are two 
kidneys. A ureteral orifice on the side of the renal aplasia was found 
in about 10 per cent of the cases. Associated genital anomalies occurred 
in about 33 per cent of the cases. The presence of genital anomalies 
should arouse suspicion of urinary dj’splasia. 

PycliHs of Prepnancy.— Hofbauer « stated that the cause of urinary 
obstruction in pregnant women is due to certain anatomic conditions 

7. Hennessej', R. A.: Congenital Solitary Kidney, J. Urol. 21:193, 1929. 

8. Hofbauer, J. I.; Studies on the Etiology and the Treatment of Pyelitis m 
Pregnancy, New England J. Med. 198:427, 1928. 
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in the portion of the ureter close to the bladder and in the trigonum 
vesicae. Hypertrophic changes in the nuisculature, associated with 
hyperplastic changes in the connective tissue, are essential factors in the 
narrowing- of the lumen of the lower part of the pelvic portion of the 
ureter. The constriction is accentuated by an encircling ring resulting 
from hypertrophy of the ureteral sheath, and engorgement of the vessels 
in the mucosa and dextrorotation of the uterus may act as contributory 
factors. 

It is common for pregnant women to have a moderate degree of 
hydro-ureter. The distal end of the ureteral dilatation usually lies at 
the level of the parametrium, the visible dilatation being associated with 
demonstrable delay in ureteral action. The hy pertrophy of the trigonum 
accounts for the clinical phenomenon of residual urine in pregnant 
woman. Pugh noted that, in 100 apparently normal pregnant women 
examined between the seventh and ninth months of pregnancy, the 
ureters were sluggish in their action in 80 per cent of the cases. In 
practically every instance there was ureteral retention, mostly on the 
right side. 

In six of fifty-five cases it was shown that there was definite lower- 
ing of the immunization power of the blood to the colon bacillus dur- 
ing pregnancy. 

Histologic studies tend to substantiate the occurrence of inr'olution 
processes within the ureteral wall, in analogy with the phenomena 
occurring in the uterus during the puerperium. Although after labor 
there is a gradual return of the renal pelvis and of the ureter to normal 
in uncomplicated cases, persistence of bacteria and of marked dilatation 
of the ureter is demonstrable in many women who had been treated 
for pyelitis during a preceding pregnancy. In the majority of these 
cases, the level above which the ureter has remained dilated corresponds 
to the parametrium. Stricture of the ureter may occasionally result 
from long-standing infection in the wall of the ureter during pregnancy. 

Phaneuf ” stated that, clinically^ py'elitis of pregnancy^ is frequently' 
encountered in the average obstetric case, because of the high tempera- 
ture usually accompanying the lesion and the subsequent reference of 
these patients to the hospital. In his experience the mortality in this 
condition is low; deaths were not recorded at the Carney Hospital. It 
has been his practice to use conservative treatment, almost ultracon- 
servative in most cases. Lately' the use of the indwelling catheter has 
been recommended to drain the ureter and the pelvis of the kidney. 
The value of this method is emphasized by the etiology', for it dilates 
the constricted area caused by' the hypertrophv of the periureteral 
sheath. 


9. Phaneuf, L. E. : Discussion, JCeu- England J. Med. 198:437, 1928. 
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Irving - rej^ortecl tliat of 9,209 pregnant ,voinen, 204 had pyelitis 
an incidence of about one in forty-five. In seven of the 204 patients’ 
It was advisable to terminate pregnancy. The other patients recovered 
as the result of treatment which included the use of urinary antiseptics, 
lest in bed and forced fluids, or C3'stoscopy. 

Crabtree,!! during the last seven years, at the Boston Lying-In Hos- 
pital, has not known a case of pyelitis of pregnancy in which recovery 
from infection has taken place during pregnancy. Occasionally the 
urine cleared to bacilluria which persisted 'throughout pregnancy. In 
some instances, especially'’ in the last weeks of pregnancv, the urine may 
become cloudy again and symptoms of fever recur. Tliis is attributed 
- to change of position of the fetus preceding the onset of deliver)-. 
Acquired immunity doubtless protects these patients and allows them to 
throiv off the remnants of infection after the acute symptoms have 
subsided. If patients have acute symptoms, the contents of the pelvis 
are considerably greater then than during the quiet stages of the disease 
previous to delivery. Bacilluria occurs frequently in pregnancy. In 
200 cases of pregnancy, bacilluria was found in thirty'-two. 

Crabtree advised early cystoscopy as treatment of pyelitis of preg- 
nancy, in the belief that reduction of overdistention and the clearing 
of a pelvis clogged with pus definitely hasten recovery. 

[Compilers’ Note. — The etiology of pvelitis of pregnancy has 
provoked much comment during the last few years. Carson, Pugh, and 
Corbus and Danforth have dealt intensively with the causal and thera- 
peutic factors. 

Stasis from organic changes in the ureteral musculature, from 
vascular engorgement, and from change in the anatomic relationships of 
the trigone, as well as the frequently lowered resistance of the patient 
to infections from the colon bacillus during pregnancy, has been the 
feature most often emphasized. 

The fact has been established that pregnancv is associated witli 
definite dilatation of the pelvis and ureter, which subsides to a greater 
or less degree during the first few months after the puerperium. 
Furthermore, it has been shown that a certain amount of residual pelvic 
and ureteral dilatation persists in most cases and thus renders the .sod 
favorable for further infection, especially when the next pregnancy 

ensu0S. . • 

The question of stricture as a result or as a cause of pyelonephritis 

of pre<^nancy is most elusive so far as its establishment as a pathologic 
fact is^’ccncerned. Corbus and Danforth stated that stricture is com- 
monly' associated. 

10. Irving, F. C. ; Discussion, New England J. Med. 198:439, 1928. 

11. Crabtree, E. G.; Discussion, New England J. Med, 198:437, 1928. 
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Unquestionably treatment with diuretic and urinary antiseptic drugs 
must be of value in the hands of the average practitioner. Neverthe- 
less there is a growing tendenc}' not to expect too much from medical 
treatment or to continue it too long. The institution of cystoscopy with 
repeated renal lavage or permanent drainage by catheter is generally 
recognized as a better mode of treatment. The indwelling catheter occu- 
pies a questionable position in the minds of some urologists who believe 
that the prolonged employment of large catheters incites a form of 
ureteritis which ma}' in itself be dangerous. However, accidents with 
the method are clinically rare, and there are increasing numbers of 
advocates of the large indwelling catheter as the ideal method of treat- 
ment for this distressing type of infection of the urinary tract.] 

Seng observed that, in pregnancy, there is constant rightsided 
ureteral dilatation, whereas hydronephrosis on the right side is only 
slightly less common. The left ureter and renal pelvis are not affected 
in a high percentage of cases. Bilateral hydro-ureter and hydro- 
nephrosis are common. In the multiparous woman these conditions 
occur earlier, more commonl}', and in more marked degree than in the 
primipara. The inability of the renal pelvis and ureter to empty them- 
selves within the normal time limits is an almost universal observation 
in the antepartum woman. Stasis persists in the postpartum woman 
but in a lesser degree over a prolonged period. In the apparently 
healthy pregnant and puerperal patient there is probably renal compli- 
cation in the presence of pus and coliform organisms. 

Tumor . — Kretschmer and Doehring stated that adenoma of the 
kidney is usually small, that it does not present clinical symptoms, and 
that it occurs most often in kidnej's affected with interstitial nephritis. 
They reported a case of large benign adenoma, in which the kidney 
was removed and the patient was well without recurrence four years 
after operation. 

The one constant symptom noted in a group of seventeen cases 
reviewed b}' Kretschmer was the presence of an abdominal tumor. 
Blood in the urine occurred in eight cases, pain in six cases and 
anemia in three cases. The tumor was on the right side in ten cases, 
and on the left side in four cases; in three cases the side was not 
designated. 

The diagnosis of renal adenoma is difficult. A benign tumor is 
suggested if the mass in the hypochondrium is freely movable with 
respiration. ]Dainless and slow-growing. Roentgen examination may 

T 7 V I-- Dilatation of the Ureters and Rena! Pelves in Pregnancy: 

crological Study, J. Urol. 21:475, 1929. 

1.5. Kretschmer, H. L., and Doehring, Carl : .^denoma of the Kidney, Sure 
oynce, Obst. 48:629, 1929. 
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show the mass. Unless the tumor encroaches on or compresses tlie 
renal pelvis, a negative pyelogram may be obtained, especially if the 
tumor originates from the lower pole. Examination of the urine may 
not reveal anything abnormal. If there is a sudden onset of gross 
bleeding, associated with pain in the region of the kidney and a palpable 
mass, a renal tumor is indicated. 

Kretschmer and Randolph « reported a case of spindle cell sarcoma 
in a man, aged 55 years. The patient had not been feeling well for 
several months and presented himself with epigastric pain occurring 
after meals, a mass in the left side, swelling in the left testicle and 
hemorrhoids. General examination revealed a hard, firm mass in the 
left side of the abdomen. This extended up to the ribs, across the 
median line, and down to a point just below the left anterior superior 
spine of the ilium. The tumor moved slightly with respiration. A 
mass of similar consistence and probably connected with the first mass 
was palpable just above the umbilicus. A good-sized varicocele was 
present on the left side. A differential test of function showed only a 
trace of dye returning from the left side. The pyelogram of the left 
side showed incomplete filling due to almost complete block of the 
renal pelvis ; only a streak of the bromide appeared. The pyelogram of 
the right side was negative. A few erythrocytes and pus cells appeared 
in the urine from each side. A diagnosis was made of malignant tumor 
of the left kidneys 

At operation a large mass, grayish-pink and moderately firm, which 
was adherent to the surrounding structures was found. The pedicle, 
which was hard and fibrous, was divided between clamps, and the mass 
was removed ; the wound was closed after ligation of the pedicle. Large 
masses were noted both above and below the area from which the kidney 
was removed. These were not removed because of their e.xtent and 
their proximity to the large vessels. The patient made a good operative 
recovery but died a year and seven months after operation. Necropsy 
revealed spindle cell sarcoma of the kidney'. 

It was pointed out that such a tumor is rare in the adult, but its 
occurrence in infants is not infrequent. In the reviewed cases in adults 
all but one of the patients were more than 34 years of age. Hematuria 
was present in only three cases. Varicocele and hemorrhoids are com- 
mon accompaniments to malignant renal tumors. Loss of weight uas 
reported in six cases. The preoperative diagnosis of sarcoma of the 
kidney as distinguished from other types of malignant neoplasms is 
practically impossible. Eleven cases from the literature were reviewed 
as to symptoms, and preoperative and operative data. 

14. Kretschmer, H. L., and Randolph, H. S.: Spindle-Celled Sarcoma of the 
Kidney in Adults, Ann. Surg. 88:1033. 1928. 
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[Compilers’ Note— It is remarkable that, although the components 
of renal tumors are so varied in cellular characteristics, although there 
are so man}- conflicting opinions regarding the classification of such 
tumors from the standpoint of histogenesis, pure connective-tissue 
tumors of the sarcomatous type in adults should be encountered so 
seldom. The case reported by Kretschmer and Randolph is unusual 
in this respect. Fortunately, the differentiation of sarcoma, h\-per- 
nephroma, and carcinoma is as yet largely academic. With the advent 
of newer forms of treatment, however, it will become necessar}- to 
attempt differentiation of tissue characteristics.] 

Patch reviewed the litei'ature and reported a case of squamous 
cell carcinoma of the renal pelvis associated with leukoplakia. He 
stated the belief that his case offered strong evidence in favor of 
transition between leukoplakia of the upper part of the urinary tract and 
squamous cell carcinoma of that region. One hundred and twenty-three 
cases of leukoplakia occurring in the kidneys, ureters and bladder, and 
152 cases of squamous cell carcinoma in the kidneys, ureters and bladder 
were reported. The greater incidence of squamous cell carcinoma is 
probably because it is so difficult to detect. In thirty-six cases the 
growth occurred in the kidneys, in six in the ureter and in 110 in the 
bladder. There were seven vesical cases and three renal cases associ- 
ated with leukoplakia; in two cases the leukoplakia was in the kidney 
and the carcinoma was in the bladder. Patch stated the belief that 
leukoplakia is the predecessor to squamous cell carcinoma and should 
be considered as a precancerous lesion. 

[Compilers’ Note. — Evidence is slowly accumulating that leuko- 
plakia may be the forerunner of squamous cell carcinoma (Hinman and 
Gibson, Scholl, Kretschmer, von Borza). An analysis of sixty-seven 
cases of leukoplakia of the renal pelvis which were reviewed revealed 
the occurrence of seven squamous cell carcinomas and one adeno- 
carcinoma, an incidence of 11.9 per cent (Kutzmann). Six of these 
occurred in the renal' pelvis and twovin the bladder. Patch showed 
that squamous cell carcinoma is only relatively rare in the urinary tract ; 
152 cases have been reported. There were thirteen cases of leukoplakia 
and squamous cell carcinoma coexisting in the kidney and bladder, a 
higher incidence than is surmised by many observers. Significance 
should be given to Hinman and Gibson’s hypothesis that leukoplakia 
is the forerunner of squamous cell carcinoma. Leukoplakia, although 
a physiologicometaplastic process, may become a pathologic process 
m some cases. Its presence alone would tend to maintain an incurable 
state of chronic inflammation and irritation. The latter maintains con- 

IS. Patch, F. S. : The Association Between Leukoplakia and Squamous-Cell 
Carcinoma in the Upper Urinary Tract, New England J. Med. 200:423, 1929. 
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tniuous actnity of ep.thehal prohfe.ation as a protectne ]>,oces. 
.Should this pi oil ferative ^activity and destruction continue for a con- 
siderable period, the cells may undeigo malignant change lVh\ a 
defensne process such as leukoplakia should be stimulated to undergo 
malignant change is one of the weaknesses of this hypothesis Hou- 
eier, the evidence submitted fiom time to time is becoming niort 
conclusive Patch demonstrated the transitional stages on repeated 
examinations, and although the changes were not definiteh malignant, 
the\ were undoubtedly precancerous Hmman, Kutrmann and Gilisori 
neie able to demonstrate m one of their cases, although not so definiteh, 
an earl}' papillary' downgrowth with a beginning bieak in the basement 
membtane, suggestive ot a malignant condition and hence considered 
precancerous Kietschmer referred to leukoplakia, stone and chrome 
infection as the lecognwed predecessors of nonpapillan carcmonia of 
the renal pelvis Von Boiza, in discussing squamous cell caicinoma 
considered constitutional factors, such as the endocrine s\stem Wol- 
hach. in discussing Patch’s report, leview'cd some interesting jiathologic 
data in the deficiency diseases or types of avitaminosis In vitamin 
deficiency knowm as xerophthalmia or keratomalacia, extensne distribu- 
tion of epithelial metaplasia w'as found m the conjunctiva, the ocular 
glands, the alimentar} canal, the respnatory tract and the gemto-iirinan 
tract It was noted that the epithelium liecame replaced In stratified 
keratinizing epithelium, stiongly resembling leukoplakia Wolbach 
found that a number of the experimental animals with this disease 
died of obstruction in the genito-unnary tract, caused bj its occlusion 
and desquamated keiatinized epithelial cells ] 

Bugbee reported a case of leiomyoma of the kidiies His case is 
unique because of the fact that in the literature he was not able to 
find the report of a case m which the diagnosis w'as made dm mg the 
life of the patient The patient was a woman, aged 30 yeais who Ind 
had a lump in the right side of the abdomen for some time A jijelo 
gram revealed that the kidney was associated with the mass At oper- 
ation the kidney and tumor were removed together The 
m the lower pole of the kidney and was enclosed m a thm. fibrous 
capsule The diagnosis w'as leiomyoma of the kKlnc\ The patien 
rcco\ crccI 

Cree^y>' obserred pyrexia in two cases of malignant nephroma 
Isiael stated that of 146 operative cases of renal and suprarenal u pe 
nephromas, fever ivas a symptom m 182 per cent, for a considerable 

16 Bugbee, H G Leiomjoma of the Kidnei Report of a Case, J U 

21:363, 1929 ^ r A 

17 Creevv C D Ptrex.a m Malignant Nephroma fHjpcrnephromal J 

M \ 92 ■12^6 (April 13) 1929 
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period in several instances it had been the only symptom noticed by 
the patient, who distinguished initial, intercurrent, and final fever, 
any one of which might be hectic, recurrent or hematuric. From a 
prognostic standpoint it was difficult to evaluate the fevei. since several 
patients who exhibited pyrexia had remained wcH for a number of years 
after operation. On the other hand, it was at times associated with 
rapid growth or with extension of the tumor he 3 'ond the renal capsule, 
or with the development of metastasis. It also had occurred in cases 
in which none of these factors was present. Israel concluded that 
pyrexia was due to the formation in the tumor of specific p\wogenic 
substances. Creevy stated the belief that malignant nephroma should 
l)e considered whenever an obscure fever is present. 

[Compilers' Note. — Fever, in cases of malignant nephroma, is 
sometimes septic in type, ranging from 105 to 9S F. On some occasions 
it ma}' remain from 103 to 105 F. for a week at a time. Associated 
with the fever there may be severe pain along the course of the large 
nerves, especially the sciatic nerves. With removal of the kidney the 
temperature usually returns to normal, but in some instances, if there is 
recurrence of tumor (either local or in distant metastasis) the tj'pical 
fever and nervous syndrome return. Fever recurring secondarily 
following operation is almost pathognomonic of metastasis.] 

Spcciale reported the case of a woman who, for -six months, 
complained of pain in the left loin. Bimanual palpation revealed a 
soft, smooth, hypertrophied kidney. Urine from the left kidney 
obtained at cystoscopy contained pus. A diagnosis of pyonephrosis 
was made. 

Examination of the kidney after nephrectomy revealed a malignant 
tumor. Nearly all of the kidney was composed of soft, grayish, friable 
tissue with hemorrhagic areas ; the whole mass resembled tuberculous 
tissue. The microscopic aspect was that of perithelioma ; man\' small, 
round formations, composed of pseudo-epithelial elements were dis- 
tributed in concentric series around a central zone occupied bj"^ capillary 
blood vessels. Speciale stated the belief that the growth was an endo- 
tliclioma which had developed from the cellular elements around the 
cajiillary blood vessels; proliferation of these cells had given rise to a 
tumor. 

Rcsi'chon. Scholl reported a case in which both kidneys were 
di.sea.sed. 1 he patient, a woman, had sj’mptoms of severe urinarj^ 
infection. Cystoscop\' and the roentgen ray revealed much reduction 
in function and infection in both kidnevs with a large stone in the left 
kiflnei’. 

h. Speciale, 1’.: Sui pcritelionii del reiie: Contributo clinico cd anatomo- 
luttologico, Rifornia nicd. 44:848, 1928. 

19. Scholl, A. J.: Kidney Re.scction, .Ann. Surg. 88:1045, 1928. 
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Tlie left kidney was exposed under gas and ox.ygen anesthesia, 
hroiigh a posterolateral incision; it was almost twice normal size. The 
lower pole was rounded, liulbous and edematous, and there were exten- 
sive inflammatory perirenal adhesions. After the adhesions were stripiied 
off, the lower segment of the kidney was about 6 cm. wide; it felt 
haidened, but was readily compressible and somewhat fluctuant. The 
fatty covering over the pelvis was remoA'cd, and an incision 2 cm. long 
was made in the renal pelvis parallel to the long axis of the kidney; this 
readily' exposed the main segment of the calculus, which was removed 
through this incision. The middle section of the stone projected throiigli 
the lower calix, where a smaller, rounded mass completely blocked 
drainage from the lower part of the pelvis. Since it was not possible 
to remove the stone in one piece, it was broken and the larger fragment 
was removed through the incision in the pelvis; the other fragment 
slipped back into the lower part of the kidneyc When the lower end of 
the calculus slipped away from the calix, thick green pus oozed through 
the opening, indicating that there was pus under pressure in the lower 
renal segment and that it was confined there by' the ball-valve action of 
the stone. A transverse incision was made in the parenchyma of the 
kidney' in an area in which apparently normal tissue adjoined the swollen 
lower segment. The incision opened into the abscess cavity, which con- 
tained about 90 cc. of thick, green pus. The wall of the cavity, which 
comprised the entire lower third of the kidney, was thin and fibrous, and 
contained little functioning tissue. The lower segment of the kidney, 
which contained several fragments of stone, was resected. The incision 
in the kidney was sutured with catgut. 

Nine months after operation a divided intravenous phenolsulphon- 
phthalein test revealed normal and equal function in both kidneys. 
Sixteen months after operation the urine from the bladder was not 
abnormal, and the patient had gained 16 pounds (7.3 Kg.) and was 
feeling well. 

[Compilers’ Note.— This article, with the deductions to be drawn 
from its conclusions, is in accord with the more recent trend of thong 't 
in conservative renal surgery'. If the surgeon can maintain goo 
blood supply and proper drainage to the remaining segment, 
nephrectomy' probably will give all that may be desired and o ten \u 
be the means not only of saving the life of the patient but of restorn^' 
him to relatively good health. The maintenance of proper dramag , 
especially during the first few months after operation is important. 
With subsidence of the early inflammatory reaction, the dramag 
the kidney will be taken care of by the natural route. The raUi 
persistence with the indwelling catheter and of repeated rena ia ag , 
during the period of healing, cannot be overemphasized, and should lx 
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continued even if, from the clinical standpoint, it seems inevitable that 
the remaining segment must be sacrificed. 

Unquestionably, partial nephrectomy will prove to be a new and 
fruitful resource to the urologic surgeon in main’ cases that othenvise 
would be unsatisfactory surgical risks.] 

Sto}ie . — Cifuentes discussed recurrent renal calculi. In an earlier 
paper he reviewed 359 cases of pelviolithotomy from the literature in 
which there was recurrence in 3.9 per cent. He divided the infected 
from the noninfected cases and found that recurrence occurred in only 
1 .7 per cent of 226 noninfected cases. In the infected cases there was a 
recurrence of 7.5 per cent. In 9.5 per cent of 941 cases of nephrotomy 
there was recurrence. Rovsing reported a high percentage of recur- 
rences, fifty-seven in fift 3 ’-one cases. He attributed the recurrence to 
infection with the staphylococcus and Bacillus proteus. Gottstein 
reported on his own cases in which there was 10 per cent recurrence in 
aseptic cases and 21 per cent in infected cases. 

Retention, as well as infection, favors recurrence. Retention may 
be secondary to ureteral strictures or kinks. The size of the stone 
apparently has little influence on recurrence, but it has been obsen’ed 
that phosphatic stones are most prone to recur. Cifuentes advised 
lavage of the renal pelvis after operation as prophylaxis against 
recurrence. 

[Compilers’ Note. — In discussing recurrence in any series of cases 
of calculi, many factors of importance may be overlooked and the con- 
clusions which are drawn may be misleading. The chemical composition 
of the stone, the degree and type of infection present, and the persistence 
of stasis in the urinar}’ tract from which calculi ha\’e been removed 
are features which should be evaluated in each case but are frequently 
passed over Avhen a large series of cases is studied as a whole. 

In general the incidence of recurrence has been greatl}- decreased 
since the advent of roentgenograms at the operating table to avoid lear'- 
ing small stones or fragments. At the present time, this incidence 
usually should be less than 10 per cent. 

Most urologists state the belief that careful and complete operative 
removal of stones followed by frequent cystoscopic lavage and such 
surgical measures as will insure good drainage of the urinarv- tract 
are the essential factors in clearing up residual infection and avoiding 
stasis. From a practical standpoint, infection and stasis sum up what 
is^ known as the chief causative agents in the formation of ,stone. 
NeA-erthelcss, one must not forget that o.xalate stones have been pro- 
duced experimentally in animals by overloading tbe calcium oxalate 

'■eridive des cakuls du rein, J. d'urol. med. et 
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content of the urine, and that such a mechanism ma)- account for 
recun eiit calculi of the oxalate or urate varieti-, rvhen infection, possi- 


bl\', is in abeyance.] 


Co/7mnr/c.— Lazarus reported two cases of carbuncle of the kid- 
ney. The symptoms are usually pain and tenderness in the lumbar 
region, accompanied b}' fever and practically negative nrinarv data. 
It is frequently preceded by a carbuncle or furuncle elsewhere in the 
body. Ct’stoscopic examination is usually negative. 

The tieatment is early operative intervention. Simple incision and 
cliainage or excision often cure the disease, and nephrectomy should be 
perfotmed secondarily only if drainage or excision is not successful. 
In all cases of perinephritic abscess the kidneys should be explored 
carefull)’. since many of these are secondar}' to carbuncle of the kidnev. 
The lesion usually is produced b}^ an organism of attenuated I'inilence. 

Cystic Disease . — Meitzer -- sent a questionnaire to members of 
the American Urological Association and compiled reports on 111 cases 
of po! 3 'C 3 '’Stic disease of the kidney with surgical symptoms. Nejthrec- 
tomy was done in fifty-nine cases (53.1 per cent) ; Rovsing’s puncture 
of cysts was done in thirty-one cases (28 per ceitt) ; and decapsulation 
and puncture were done in five cases. Of the patients treated surgicail.r, 
four hh'ed fort 3 '-eight hours, twent 3 '-four lived from three days to six 
months, twent 3 ' lived from six months to two 3 -ears, forty-four lived 
for from two to eight years, three lived nine years, one lived eleven 
years, one lived twelve years, one lived thirteen years, two lived fourteen 
years and one lived fifteen y'ears. American urologic experience with 
this disease reveals that life can be prolonged in 57.6 per cent of the 
cases for from six months to eight 3 'ears; in 21.6 per cent, life was 
maintained from three da 3 'S to six months after operation. 

Clinicall 3 q there are apparently no authentic cases of unilateral 
pol 3 'C 3 ’Stic disease. If cases supposed to be unilateral in which nephrec 
tomv has been done are traced, evidence of the disease in the su]i 
posedlv normal and remaining kidney will be found. That unilatcra 
polycystic kidney exists is substantiated by numerous poshnorteni 
observations. Preitz found sixteen cases in 1,000 necropsies, and 
Naumann reported sixteen cases in 10,177 necropsies. 

The most commonly accepted explanation of polycystic disease is 
that it mav' originate in consequence of embryonic malformations, i 
is believed also that the condition is both congenital and hereditary 


21. Lazarus, J. A.; Carbuncle of the Kidney: Report of Two Cases, J trot 
21:353 1929. 

22 . Meitzer, Jtlaurice: -A Contribution to the Surgical Aspects of Pobej 
Disease of the Kidney, Brit. J. Urol. 1:S4. 1929. 
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Osier reported five cases of polycystic disease in five children of one 
mother. Crawford mentioned numerous cases of this disease in four 
generations of one family. 

Two significant sym])toms which require surgical treatment are brisk 
and recurrent hematuria or abdominal pain. The pain is colicky either 
when the ureter becomes obstructed by the passage of pieces of blood 
clot or debris, or when the renal pelvis becomes distended by such 
occlusions. Dull abdominal pain is due to distention of the renal pelvis, 
or to pressure on the abdominal viscera by the enlarged renal tumor. 
Kidd classified the symptoms in three stages; (1) the stage of pro- 
gressive enlargement of one or both kidneys without other symptoms; 
this may last for a few months to several years and may be discovered 
in the course of abdominal palpation; (2) the stage of renal tumor, in 
which there ma\' not be pain, but a dull ache in the loin, or local pain 
and tenderness, and (3) the stage of uremia. The greatest aid to 
diagnosis, besides the symptoms, is the pyelogram which demonstrates 
the spindle-like outline of the renal pelvis and calices. 

Before surgical treatment is considered, a careful general exami- 
nation should be made, particularly the estimation of the function of the 
remaining kidney. 

[Compilers’ Note. — Although our knowledge of the genesis of 
polycystic kidney is somewhat obscure, it does seem that the develop- 
ment of this anomaly is in some way related to perverted union of the 
collecting and secretory parts of the urinary tract. The condition does 
not manifest itself until somewhat late in adult life, if we assume an 
anomaly which exists as the result of embr)'ologic maldevelopment. 
From the number of cases of unilateral disease noted in postmortem 
studies, it is likewise remarkable that the condition has not at some 
time Ijeen determined clinically' on one side only. 

As jfleltzer emphasized, the best operative effort is the control of 
bleeding and abdominal pain, which places so many' of these unfortunate 
patients in the invalid class. In spite of both sides being diseased, it is 
noteworthy that American urologists, according to this report, have 
employed nephrectomy' so frequently' (in 53.1 per cent of cases). 
.■\lthough such radical treatment may be indicated to give the patient 
an interval of freedom from pain or bleeding, provided the major 
symptoms are on the treated side, the ominous prognosis so far as the 
ultimate fate of the remaining kidney is concerned would lead to the 
iiciief that operative procedures should usually be of a type which would 
]>rcser\e as much of the secreting renal epithelium as possible. One 
uould presume that the operation of puncture of cysts, alone or com- 
bined witli decapsulation, would be the more frequent procedure, even 
if the function of the opposite kidney was relatively good.] 



archives of surgery 

-■= described a case of echinococcus disease of tlie kidiiev 
m which, at operation, the kidney was found to be a pouch about 30 by 
ZU cm. m size, filled with echinococcus cysts varying from 1 cm, in 
diameter to 3 by 5 cm. There were approximately from 800 to 900 
cysts ; about 200 of these came out crushed and macerated. 

Twenty-two cases of echinococcus disease of the kidney have been 
repoited. Two cases were also noted at necropsy. Infection of the 
kidney with echinococcus is rare, because the larva has to go through 
the liver, heart and lungs and back to and out of the heart before 
it is started in the systemic circulation for the kidney. The disease 
is almost always unilateral. The parasite has been known to survive 
for twenty years. It may be quiescent for years. Renal or ureteral 
pain is due to the passage of pieces of the wall of a cyst or pieces of 
blood clot after the rupture of a cy^st, frequently causing intermittent 
ureteral obstruction. Hematuria may also occur with rupture of a cyst. 

A diagnosis can be made only by finding the booklets in the urine 
after the rupture of a cyst. Associated with the booklets are pus 
cells and erythrocytes depending on the degree of infection. If the 
process is of long standing, a definite tumor of the kidney may be 
palpated. Eosinophilia is reported in more than half of the cases. 

Nephrectomy is indicated as soon as the diagnosis is made. Of 
sixteen patients on whom nephrectomy was performed for hydatid dis- 
ease of the kidney, ten are said to be cured and three improved. Foreign 
surgeons prefer conservative measures, such as incision and drainage 
and marsupialization. 

Hydronephrosis. — Morison attempted to determine the routes of 

absorption in hy'dronephrosis by' introducing dyes into the renal pelvis 
in amounts less than the total pelvic capacity. He observed two routes 
of absorption, lyunphatic and tubular. At the beginning of complete 
ureteral obstruction there is, for the first two or three days, lymphatic 
absorption from the walls of the renal pelvis and ureter. Tubular 
absorption begins after about the third day and continues more acti\el> 
than lyunphatic absorption. A short period of backpressure farors 
tubular absorption. The convoluted tubules of the periplieial glomenn 
are the first to take on this function : as atrophy from pressure progres 
sively' supervenes, the subjacent layers continue the jirogress o 
reabsorption. In absorbing dye, the cells of the convoluted tubules may 
demonstrate a slightly altered function. If so. their action would tend 
to favor the filtration and reabsorption theory' of lena secretion 

23. Meltzer, Maurice: Echinococcus Cysts of the Kidnej, J. A. -M. A. 

tJune 8) 1929. . . 

24. Morison, D. M. : Routes of Absorption in Hydronephrosis ; ‘ 

lion with Dyes in the Totally Obstructed Ureter, Bnt. J. Urol 1:3U, W- . 
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Morison stated the belief that pj^elovenous backflow is probably the 
result of trauma and cannot be regarded as a usual factor in the 
mechanism of hydronephrosis. 

[Compilers’ X'ote. — The concept of pyelovenous backflow as intro- 
duced by Hinnian several i-ears ago has been the subject of sharp debate. 
Morison’s experiments and his conclusions obviously place him in the 
ranks of those opposed to this concept. Whether a relativel}' open 
system of communication, physiologic in type, between the venous 
system and the collecting tubules and pelvis, exists normally is difficult 
to demonstrate to the satisfaction of all interested in urologic physi- 
ology. It is noteworthy that Morison filled the pelves in amounts less 
than the pelvic capacity. To what degree the pelvis is to be filled in 
order to initiate pyelovenous absorption without the actual occurrence 
of traumatic rupture of the venules is the chief point which is to be 
determined experimental!)'. Pressure relationshi])s in the renal pelvis 
in both normal and h 3 ’dronephrotic states are elusive in actual determi- 
nation. It will be interesting to note the advance of knowledge along 
this line within the next few years.] 

Perinephrilis . — Larru discussed the roentgenologic diagnosis of 
nonpurulent perinephritis. He noted the disappearance of the outer 
liorder of the psoas muscle in its upper part and also the entire or 
partial disappearance of the inner border of the renal shadow. The two 
shadows appear to be superimposed on one another. The explanation 
is that perinephritis, especially inflammation of the psoas muscle, is 
present, which tends to destroy the outline. It may be found in all 
renal conditions that tend to cause perirenal adhesions, especially to 
the psoas muscle, such as calculous pyonephrosis, perinephritic abscess, 
or renal tuberculosis. Larru found it constantly in renal tuberculosis. 

Tcchmc for Removal . — Cathelin divided the types of diseased 
kidneys which should not be removed into several categories; 1. The 
adherent pyonephrotic calculous type, especially with adhesions at the 
level of the hiliiin, should not be removed because a cleavage plane does 
not result from the multiple adhesions to surrounding structures. On 
the other hand, the subcapsular operation exposes only the firm sclerosed 
hilum, which cannot be accurately ligated. Cathelin stated the belief that 
the most logical procedure in these cases is simple nephrostomy with 
digital extraction of the stones. 2. Nephrectomv should not be per- 
formed in cases in which a tuberculous kidney is apparently normal. 
If. during the course of an exploratory operation, the kidney and ureter 

25. b.irru, E. : Roentgendiagnose der Perinephritis, .'\n. de acad. med.-quirug 
espanola 14:23f), 1928. 

26 Cathchn; Lcs reins qu”d nc faut pas enlever, J. d. practiciens, 1929, p. 17. 
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appeal noimal, it is better to leave the k.cinej m place, even zf a nneht 
necessitate operation later following recurrence or aggra\ation of tin 
symptoms 3 A large, adherent caicinomatous kidnej should not he 
remo^ed m )oung or old patients In middle-aged patients nephrcctonn 
IS indicated in such cases 4 Removal of a sclerosed Lidne}, after an 
old ]icrine]5hiitic abscess has been opened, would not result satisfactonlj 
and the patient, alread) weakened, would ha\e to be under anesthesia 
too long 5 Nephrectomy should not be done m the presence of a 
dee]) atrophied lenal mass and extensne sclerohponiatosis 


SUPRARLN)\L GLAADS 

Tcchuir fo) Removal — Stult/ and Strieker ' reported a senes of 
cases of epmephi ectom 3 % a surgical procedure which m some instances 
comes within the province of urology 

The) described the follow'ing technic The patient is placed as for 
left nephrectomy, on a lumbar support which can be raised at will 
The right leg is kept flexed, and the left leg is stretched, the plane sup- 
porting the low'er limbs is inclined, so that the iliocostal space is 
w'Klened as much as possible A lateral incision is made from 12 to 
15 cm long, beginning one or tw'o fiiigerwudths fioin the outer border 
of the left rectus abdominus muscle, slight!) above or at the lei el of 
the umbilicus It runs tow'ard the upper margin of the tw^elfth rib 
strikes it under an acute angle, crosses the rib and ends near the 
external border of the erector spmae muscles The twelfth nb is 
resected for a length of from 5 to 8 cm When the kidne} Ins been 
identified, the fatt) capsule is opened b)' an incision near the inner 
boidei of the upper pole of the kidnev and is freed from the perirenal 
fat With a large retractor the kidnei is pushed downward and 
forward in the direction of the pubis, so as to facilitate exposure of the 
subphrenic space This manipulation also drags dowm the supiarenal 
gland, wdiich is still wrapped m its fat, bi means of the vascular pedicles 
that branch from the renal ressels The gland is then searched for in 
the epirenal fat, and its base, wdiich faces dowmward, backward and 
outwmrd, is usuall) discovered first The suprarenal tissue is recog- 
nized bv Its vellow tint and is easily distinguished from fat The 
gland IS sectioned aboie a ligature, wnth the knife directed toward the 
kidne)^ A. part of the glandular tissue is left behind because of the 
possiliiht) that the opposite suprarenal gland may be absent or deficient 
In thirteen cases epmephrectomi did not injure the pleura During 
operation on a cadaver the pleura was injured because the incision was 
made too high and too far posteriorly, het^veen the eleienth and twelfth 

27 SfuU^, E, and Strieker, P Technique of Left rpineplirectonw Sum 
G\nec Obst 48:487 1929 
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nbs The pentonevmi 5S not injuied if care is taken to split the fatt) 
capsule of the kidney far behind The postopeiatne course is usualli 
normal The patients have piactically no fe\er, ne\ei suftei fiom 
shock, and their recovery is rapid 

URETER 

Anomahc :^ — Spitzer and Wallin-® presented a case in which both 
kidneib were normal, each containing one normal pelvis and each 
pehis leading to the bladder by a ureter which was normally placed 
There were also two accesson bodies, one lesting above each kidne} . 
which secreted a fluid in no wa) resembling urine This fluid was 
conducted outside the body by tubes which opened at the position of the 
para-urethral ducts, one on each side of the median line These tubes 
followed the course in the walls of the bladder and vagina that is 
usuall) taken by Gartner’s canal, known to be the persistent remains of 
the mesonephric duct 

Spitzer and Wallin attempted to classif) the so-called ectopic ureteis 
so as to distinguish those that aie supernumerary from those that are 
not 

Infection of Stump — O’Neil-'* reported a case m which he per- 
formed nephrectomy foi congenital dilatation of the renal pelvis and the 
meter He removed a portion of the ureter Cloudy urine latei 
de\ eloped At cistoscopic examination, the stump of the meter was 
washed out and a ureterogiam showed a sausage-shaped shadow seveial 
centimeters long Dilatation of the orifice of the ureter, proper drain- 
age, and one oi two irrigations with silver nitrate effected a complete 
cuie The authoi expressed the belief that, in cases of congenital 
dilatation of the ureter necessitating nephrectoni} , complete uretei- 
ectoiii) IS indicated 

Wildbol? "'* observed that uieteritis which deielops after nephrec- 
toim usualK heals spontaneously or after the ureter has been lavaged 
a few times As a rule it occurs duiing the first six months aftet 
nephrectoini He reported a case of a woman, aged 30 years, in whom 
infection of the lueteral stump occuried unusually late after nephrec- 
tom\ fot nontuberculous pyonephiosis A year after nephiectomy she 
nent tliiough pregiianc) wuthout an\ complications Three years after 
opeiation, dining another pregnancy, she did not feel rvcll and ran a 
high continuous feier, the urine became purulent After normal 
delutn, the fe\ei continued Renal tests showed good renal function 

28 Spitzcr \\ M and Wallin I E Supernumerar\ Ectopic Ureters Ann 
Siiry 88:1053 1928 

29 O’Vcil R r Discussion J Urol 21:119, 1929 

30 NYildliol/ Hans Discussion, J Urol 21:122, 1929 
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in spite of the enormous quantity of pus in the urine. Catheterization 
of the only kidne)^ revealed clear urine. The pus came from the 
ureteral stump of the side on which the kidney had been removed The 
patient refused surgical intervention. Recovery was complete after 
treatment by lar-age of the ureteral stump. 


Stones. Bumpus reported 1,001 cases in which the diagnosis was 
stone in the ureter in a clinical stud)' cor'ering a period of nine years. 
Pain originating in the renal area and radiating toward the bladder was 
noted in 634 cases (63.4 per cent). Pain in the lower right quadrant 
without radiation and with little suggestion of renal colic occurred in 
138 cases. Removal of the appendix, without relief from symptoms, 
had been done in thirty-seven of the 138 cases, an incidence of 26.8 per 
cent. In 226 cases the appendix had been removed. 

In 146 cases the stone passed following the manipulation during 
the first cystoscopic examination, and in 274 other cases manipulation 
was followed by success in 202 cases. Manipulation was successful in 
74 per cent of the cases in rvhich it was attempted, with the exclusion 
of the 146 cases in which stones passed after a single cystoscopic exami- 
nation with inclusion of these 146 cases. Manipulation u’as successful 
in 85 per cent in which it was attempted. 

There were 252 cases of stone in the lower third of the ureter 
removed surgically and 228 in the upper and middle thirds. In forty- 
nine cases the urinary obstruction produced by the stone had resulted 
in such extreme ureteral and renal injury that nephrectomy or nephro- 
ureterectomy was required. Except in these forty-nine cases, 60 per 
cent of all the stones in the lower part of the ureter were removed by 
manipulation. Reactions occurred thirty-two times (11 per cent) in 
274 cases in which manipulation was carried out; two fatal cases were 
included in this number, in both of which surgical intervention was 
refused for several days after the suppurative nephritis incident to the 
manipulation had occurred. Bumpus stated the belief that patients in 
whom there is marked infection, as well as patients with stones of 
more than from 1.5 to 2 cm. in diameter that are known to have been 
jrresent for a considerable period, should be treated by uretero- 
lithotomy rather than by manipulation. Reaction following manipu- 
lation can be reduced to the minimum if ureteral catheters are left in 
the ureter to insure drainage after -the stone has been removed. ^ 
the cases in which operation was performed as soon as signs of rena 
infection appeared, the patients recovered, whereas m the two C'^ses m 
which it was delayed the patients died. The mortality after ca e 
manipulation for the entire series was 0.2 per cent. 


31. Bumpus, H. C.: A Clinical Study of Stones in the Ureter, Proc. Staff 
Meet. Mayo Clinic 4:140, 1929. 
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Stricture . — Braasch stated that the only visual evidence of ureteral 
obstruction is caused by dilatation which persists in repeated uretero- 
grams. That ureteral dilatation occurs early is evident from the dila- 
tation which is always found in the presence of ureteral stones, even 
if they are small or if they have been present in the ureter only a 
short time. A factor which may confuse the interpretation of stricture 
is the dilatation occurring in the ureteral wall as the result of inflam- 
matory changes or atony. The deformity of the ureter may vary from 
scarcely recognizable irregularity to marked dilatation. Ureteral dila- 
tation as the result of obstruction is usually greater than that which 
accompanies inflammation. If the dilatation of the ureter results largely 
from obstruction, it assumes a more uniform outline, particularly if 
there are single areas of obstruction such as occur in cases of ureteral 
stone. 

Extra-ureteral factors may also be the cause of ureteral obstruction, 
particularly in the female pelvis, where either inflammatory or malignant 
tumors which involve the pelvic organs ma}' also involve the ureter. 
Spasm of the ureteral wall is another probable cause of localized 
ureteral constriction. Evidence of spasmodic constriction at or near the 
ureteropelvic juncture, with stone in the renal pelvis, is frequentl}- 
observed. It usually occurs only in the presence of a single, compara- 
tively small stone, situated in the true renal pelvis, and is probably 
the result of local irritation. Spasmodic constriction of the ureter is 
occasionally observed in hypersensitive patients as the result of irritation 
from the ureteral catheter. 

The diagnosis of ureteral stricture by means of the urogram may be 
difficult. Unless the changes in the wall of the ureter are considerable 
and definite, it is questionable whether a conclusive diagnosis of ureteral 
dilatation can be made. 

Obstruction . — Hyams stated that obstruction of the lower or pel- 
vic portion of the ureter may be produced by blood vessels which may 
be normal to the region but pursue an atypical course, or by structures 
foreign to the area through which they run. The possibility of obstruc- 
tion should be borne in mind both before and at the time of operation. 
Treatment is operative in a large percentage of cases. He stated the 
belief that the subject is of sufficient importance to warrant careful 
investigation and future anatomic and clinical research. 

[Compilers’ Note. — Obstruction in the upper part of the urinari' 
tract produced by aberrant blood vessels is well knoum and is frequently 

32. Braascli, W. F.; Roentgenologic Diagnosis of Ureteral Stricture 
Radiology 12:183, 1929. 

33, Hyams. J. A. : Aberrant Blood Vessels as a Factor in Lower Ureteral 
Ubstruction, Snrg. Gyncc. Obst. 48:474. 1929. 
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treated by surgical procedures. Obstruction in the lon-er part of tl,e 
tract may be caused by pressure changes at the point of crossing of the 
vas deferens in the male or of the uterine arteries in the female How- 
ever, the occurrence of anomalous blood vessels crossing the pelvic 
ureter and producing varying degrees of obstruction has not been given 
much anatomic or clinical consideration. The report of Hyains, espe- 
cially of his observations at necropsy, is illuminating, and should be the 
stimulus for much careful investigation along this line. Unquestionahh- 
there is reason to assume that a many-hranched vessel, like the In-po- 
gastric, would be the seat of variations from time to time, as are many- 
branched vessels in other jiarts of the bod)', for example, the renal and 
hepatic arteries. Hyains seems to have demonstrated definitely that 
such abnormal branches can compress the ureter in its pelvic portion.] 
Marion reported the case of a man, aged 27 years, who gave the 
following histor)' : At the age of 3 years tie had some difficulty in 
urination. Operation for phimosis did not iniprove the condition. At 
the age of 4 he had an attack of hematuria which lasted two days, 
Since childhood he had had intermittent incontinence, especially at 
night. At the age of 20, he had had severe hematuria after ridnig 
horseback. A large stone was found in the bladder and was removed, 
but even this did not completely relieve the symptoms. Intravesical 
cystic dilatation of the left ureter was later found at cystoscopic exami- 
nation. The urine of the right side was normal ; that of the left was 
thick and purulent. Left nephrectomy was performed and the symp- 
toms disappeared. Apparently the incontinence was not the result of 
stone, which had existed since childhood, but of infection and distention 
of the left kidnev. Marion stated the !)elief that this case was some- 
what analogous to the occasional occurrence of periods of incontinence 
in cases of renal tuberculosis. 


34. Marion; Dilatation kystique intravesicale de I’estremite mferieure de 
I’uretere et lithiase vesicale infantile infectee; incontinence infantile pienc par 
disparition de ta dilatation kystique, Soc. Fraiiqaise d’nrol.. Seance de 17 decern i 
28, Presse ined. 7:112, 1929. 
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the diagnosis of pancreatic disease 
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The clinical diagnosis of disease of the pancreas ^ has always been 
fraught with great difficulty. Whether one is dealing with the dramatic 
suddenness of an acute hemorrhagic pancreatitis, the silent jaundice in 
carcinoma at the head of the pancreas, the variable and indefinite symp- 
tomatology of chronic pancreatitis or the insidiously developing pan- 
creatic cyst, a large proportion of pancreatic lesions remain unrecognized 
clinically and are first diagnosed at laparotomy or at postmortem exami- 
nation. This is not because the pancreas is so rarely the seat of disease, 
for it is diseased far more frequently than is generally supposed. Among 
the 60,000 patients admitted to Barnes Hospital but 150, or 0.25 per cent 
of the cases, bore a diagnosis of pancreatic disease of one kind or 
another, exclusive of diabetes mellitus, while among the last 3,600 
autopsies performed at the Washington University School of Medicine, 
gross or microscopic lesions of the acinar tissue were found in 113, or 
in 3 per cent of the cases. This is in substantial agreement with the 
observations of others.- On the other hand, a more frequent incidence is 
reported by Moench,^ who found acute pancreatitis alone in 2 per cent 
of routine autopsies. 

Many efforts have been made to test the function of the pancreas in 
the attempt to recognize disease of it clinically. Tests of kidney and of 
liver function have been so fruitful of results that a similar usefulness 
seemed possible in the case of the pancreas. The literature concerning 

♦ Submitted for publication, June 20, 1929. 

^ * From the Department of Surgerj-, Washington University School of Medi- 
cine, and Barnes Hospital. 

1. Only disease of the external secretion is here considered. Glycosuria as a 

sign of lesion in the islets, when noted, was sccondarj- to disease of the acini and 
ducts. 

2. Barron, M.; Disease of Pancreas, Pathologic Study, with Report of Cases, 
Arch. Int. ifed. 35-.807 (June) 1925. 

3. Mocnch, G. L.: Acute Pancreatitis with Erosion of Splenic Artery and 
I'ntal Hemorrhage, T. A. ),[. A. 82:360 (Feb. 2) 1924. 
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these attempts is extensive. In a recent monogaph on pancreatic disease < 
fourteen different tests for pancreatic function were described; several 
more exist which were not mentioned. The majority of them, how- 
ever, have fallen into desuetude and at present have only a historical 
interest. 


In this paper, consideration will be confined to the amylase content 
of the blood serum, since this starch-splitting ferment is one of the 
prorninent enzymes elaborated by the pancreas, and because it lends itself 
readily to quantitative measurement. Moreover, many observers have 
studied it in the attempt to correlate deviations from the normal with the 
existence of pancreatic disease. The methods used have been various, 
and the great variability in the observations may be ascribed, in part 
at least, to this circumstance. 


PREVIOUS OBSERVATIONS 

A starch-splitting ferment, diastase, or more accurately, amylase, was 
first found in the blood by Magendie in 1846. Although diastase was 
extensively studied as it occurred in the vegetable kingdom, the first 
attempt to measure it quantitatively in the animal organism was made by 
Foster ® in 1867. Among other things, he found that in the blood from 
six diabetic patients there was no deviation from the diastatic activity of 
normal blood. The details of his quantitative method were not recorded. 

The nature of the various sources of amylase occurring in the animal 
organism next attracted the attention of physiologists. From the work 
of, a series of observers, summarized by Carlson and Luckhardt® in 
1908, it was established that the amylase in the blood had the same 
properties as that present in the lymph, saliva, liver and pancreas; that 
is, it had the power to break down starch to the dextrins and finally to 
dextrose. The concentration of the ferment was found to be greatest 
in the pancreas and least in the cerebrospinal fluid. 

The origin of the amylase found in the blood is of special interest 
and has been the object of much work and some difference of opinion, 
Carlson and Luckhardt ® believed, on the basis of their own obsera- 
tions, that it was merely a by-product of general tissue metabolism. 
They found no change in blood amylase in three cats following pan- 
createctomy, an observation confirmed by Bainbridge and Beddard m 
one cat, and by Milne and Peters « in several dogs. Many workers 
found greater amounts in the blood leaving than in that entering the 

4. Gross, 0., and Guleke, N. ; Die Erkrankungen des Pankreas, Berlin, JAn's 
Springer, 1924, p. 39. 

5. Foster, M.: J. Anat. & Physiol. 1:107, 1867. 

6. Carlson, A. J., and Luckhardt, A. B.: Am. J. Physiol. 23:148, 1903. 

7. Bainbridge, F. A., and Beddard, A. P. : Biochem. J. 2:89, 1907. - 

8. Milne, L. S., and Peters, H. L.: J. M. Research 26:415, 1912. 
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liver, and concluded that the liver manufactures the ferment. Carlson 
and Luckhardt,® on the contrary, found no difference in amylase concen- 
tration in blood from the hepatic artery and vein. Davis and Ross® 
adduced further evidence that the liver did not manufacture diastase. 
When they administered toxic amounts of chloroform to dogs, a marked 
decrease in blood amylase was found, but since no change occurred in 
depancreatized dogs, they concluded that the decrease in the first experi- 
ments was due to toxic changes in the pancreas rather than in the liver. 

The pancreatic origin of blood amylase was first promulgated by 
Schlesinger,^® who found in two dogs and one cat a diminution or a 
disappearance of the enzyme in the blood after pancreatectomy. King 
found a uniform decrease or disappearance of urinary amylase and a 
decrease in the blood from one half to one third of the normal level in 
four dogs and two cats after pancreatectomy. Wohlgemuth,^® Moeckel 
and Rost,“ Lepine,^* Kaufmann,’® Gould and Carlson,^® Otten and 
Galloway,^' and Davis and Ross ® have all had similar results. More- 
over, Schlesinger found from three to four times as much ferment in 
blood leaving the pancreas as in the general circulation, an observation 
confirmed by Wohlgemuth. King, as further evidence of the pancreatic 
origin of at least part of the blood amylase, showed that the amount of 
the ferment in puppies and kittens increased from a low level at birth to 
the normal adult value at 6 weeks of age. This fits in with the observa- 
tions of Korowin,^® who found no amylase in the human pancreas 
at birth and an increasing amount after the second month up to 1 year of 
age, when it reached the normal adult concentration. That the salivary 
gland does not contribute to the presence of blood amylase is indicated 
by his obseiwation that its content of diastase is large and remains the 
same from birth on. Schlesinger,^® moreover, in extirpations of the 
salivary glands in dogs, found no significant change in the blood. The 
observations of King,^^ published in 1914, and also those of Davis and 
Ross ° are probably of greater value than those of others because they 
used a more accurate quantitative method. Amylase was measured by 
the time required to effect a given change in the starch solution rather 


9. Davis, L. H., and Ross, E. L. : Am. J. Physiol. 56:22, 1921. 

10. Schlesinger, W.: Verhandl. d. Kong. f. inn. Med. 25:505, 1908; Deutsche 
mcd. Wclmschr. 34:593, 1908. 

11. King, C. E.; Am, J. Physiol. 35:301, 1914. 

12. Wohlgemuth, J.; Verhandl. d. Kong. f. inn. Med. 25:501, 1908. 

13. Moeckel, K., and Rost, F.: Ztschr. f. physiol. Chem. 67:433, 1910. 

14. Lepinc, R., and Barral, M.: Compt. rend. Acad. d. sc. 113:729, 1891. 

Is. Kaufmann, M.; Compt. rend. Soc. de biol. 46:130, 1894. 

16. Gould, L. K., and Carlson, A. J.: Am. J. Physiol. 29:165, 1912. 

U. Oltcn, H., and Galloway, T. C., Jr.: Am. J. Physiol. 26:347, 1910. 

15. Korowin: Malys Jaliresb. 3:158, 1873. 
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than by the amount of change effected in a given time, following thus 
the technic of Roberts/® reported in 1881, and more recently shown 

y Bayhss to be the most reliable principle in measuring such a ferment 
as amylase. 

The evidence thus far seems to point to the pancreatic origin, in 
part at least, of blood amylase and to lend a theoretical basis to attempts 
to correlate deviations from the normal concentration of this enzyme 
in the blood with the existence of pancreatic disease. Other experi- 
mental facts add further support to this association. 

Ligation of the pancreatic ducts in animals leads to a prompt increase 
in the concentration of blood amylase, as shown in an experiment* per- 
formed by Schlesinger.io Clerc and Loeper,®'^ King.^^ Wohlgemuth, “ 
Gould and Carlson and others with uniform results. King noted 
a return to normal in about a week, but at autopsy found that the 
ligatures had slipped and that the ducts were functioning again. In 
unpublished data from this laboratory we have demonstrated a fourfold 
increase in blood amylase within fifteen 'minutes after clamping of the 
tube that drained all of the pancreatic juice in dogs. This increase rose 
to a point seventy-five times greater than the normal in twenty-four hours, 
after which the concentration gradually fell to normal in two weeks. No 
dogs were observed after this length of time. Autopsy showed a hard, 
enlarged pancreas with beginning atrophy of the acini. It is difficult 
to keep a dog alive longer than this after careful and complete obstruc- 
tion of the ducts. We did not, therefore, study the blood amylase at a 
time when the acini were fully atrophied. 

The clinical investigation of blood amylase has been rather extensive. 
One of the most widely used methods is that of Wohlgemuth®® which 
depends for its end-point on the complete hydrolysis of starch as revealed 
by the disappearance of the blue color which it produces with iodine. In 
thirty normal persons, Wohlgemuth ®® himself found “considerable 
fluctuation” (no numerical values being reported). In twenty patients 
with a variety of conditions Schlesinger found variations expressed 
by numerical values between 10 and 25. In fifty cases. Von Benczur 
reported differences too great to be of diagnostic value (from 16 to 250) 
except in one case of obstruction of the pancreatic duct in which the 
value was considerably higher than in the others (500). The 
tions of other workers were more promising. Thus Corbett, * m * 


19. Roberts, W.: Proc. Roy. Soc. Med. 32:145, 1881. 

20. Baylfss, W.: Theory of Enzyme Action, New York, Longmans Green e 

Company, 1924, ed. S, p. 52. • ^ c .( n- i Rfi.RVl 1909 

21. Clerc, A., and Loeper, M.: Compt. rend. Soc. de biol. 66.871, Itw. 

22. Wohlgemuth, J.: Biochem. Ztschr. 9:1, 1908. 

23. Von Benczur, J.: Wien. med. Wchnschr. 23:890, 1910. 

24. Corbett, D,: Quart. J. Med. 6:351, 1912, 
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found that the values were constant in normal persons and that the 
value of blood amylase was unchanged by diet. Stafford and Addis 
and Cohen and Stocks similarly reported a uniformity in the concen- 
tration of “normal” human blood amylase. 

An alternative method for determining blood amylase has been used 
hy many. It depends, not on the disappearance of starch, but on the 
formation of sugar which is measured quantitatively by some method of 
copper reduction. Kaufmann,'® and Moeckel and Rost were the 
earliest to use this method on blood serum. The latter workers found 
that feeding had no influence on the value of blood amylase, that a 
prolonged fast resulted in some increase, and that although different 
species varied considerably, individuals among the same species differed 
little from each other, observations which were in general agreement 
with the work of others. Reid reported uniform values for human 
beings, varying between numerical values of 6 and 10, Meyer and 
Killian^® values between 15 and 17, and Lewis and Mason*® between 
15 and 25, all 'using the sugar reduction method. 

Definite deviations from the normal in pancreatic disease have been 
reported by many writers. Stocks studied sixty-five cases and found 
an increased blood amylase in carcinoma of the pancreas, nephritis and 
chronic passive congestion, and in three of eight cases of diabetes. Meyer 
and Killian recorded an increase from the normal value 1 5 to values 
from 41 to 75 in diabetes and to values from 30 to 52 in nephritis, the 
latter varying in general with the degree of retention of nitrogen. Lewis 
and i\Iason,®“ however, following the same technic, failed to confirm these 
observations in cases of diabetes; while variations were noted in 
nephritis, there was no correlation with the type of disease or with its 
progress. 

The lack of uniformity in the clinical observations briefly summarized 
IS probably due to several factors. Discrepancies in the methods used 
have undoubtedly a good deal to do with many of the differences. In 
the beginning of our studies on blood amylase, we tried the starch-iodine 
as well as the sugar reduction method, and found both unsatisfactor}' 
for reasons already mentioned.®^ The method finally adopted applied a 
new principle to the study of amylase, and it is one which, we believe, 
has yielded more consistent results. Another factor in the results of 

25. Stafford, D. D., and Addis, T.: Quart. J. Med. 17:151, 1924. 

26. Colicn, I.; Brit. J. Expcr. Path. 6:173, 1925. 

27. Stocks, P.; Quart. J. Med. 9:216, 1916. 

28. Bcid, C.: Brit. J. Exper. Path. 6:314, 1925. 

29. Meyer, V. C., and Killian, J. A.: J. Biol. Chem. 29:179, 1917. 

30. Lewis, D. S., and Mason, E. H.: J. Biol. Chem. 44:455, 1920. 

31. Elman, R., and McCaughan, J. M.: Quantitative Determination of Blood 
.\nnlase with Viscosimeter, Arch. Int. Med. 40:58 (July) 1927. 
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Mter writers is the fact that in but tew instances was the clinical di..- 
nosts confirmed by operation or autopsy. In the series of cases here 
reported with two exceptions, each diagnosis depended on the observa- 
tions at laparotomy or on postmortem examination. 


experimental work 


The determination of amylase was made by a new method which 
apparently has never been used before for the measurement of tlie 
ferment in blood. It is based'on the rate of diminution of the viscosity 
of a starch solution, as described in a previous paper.^i The method 
enables one to follow quantitatively and continuously the course of the 
diastatic reaction, that is, the breaking down of starch to dextrose, for 
each step of the reaction involves, of course, the h 3 'drolysis of larger to 
smaller molecules and hence a reduction of viscosity. 

This circumstance has two immediate advantages : First, every step 
of the diastatic reaction becomes measurable at the same time. In the 
Wohlgemuth method the disappearance of starch is the only step 
considered, whereas in that of Moeckel and Rost it is only the final 
production of sugar that is measured. It is obvious that the enzyme 
may attack any part or all of the chain and at varying rates. It is thus 
impossible without extensive work to tell whether all the starch is 
hydrolyzed first or whether only a part of it is attacked and carried all 
the way to dextrose. By measuring the viscosity all stages of the 
reaction become detectable at one time. 

The second advantage lies in the fact that one can use time as a 
measure of enzyme concentration, which is the most accurate correlation 
since an enz^nue acts on the rate of reaction. As pointed out by 
Bayliss,'" in case of a reaction proceeding in steps, ferment concentration 
is best estimated by the time required to effect a given change rather 
than by tlie amount of change effected in a given period of time. B} 
the method used in this study, it was possible to do this. An arbitrary 
amount of change was selected (20 per cent reduction in viscositj ), anc 
the amount of amylase then became a function of the time required to 


effect this change. 

A final advantage of the present method lies in its objectiveness. The 
measure of time was made by a stop-watch, and the difficulty of selecting 
a color change as in the Wohlgemuth method was obviated. 

For the use of the method one needs; (1) the set-up for measuring 
viscosity, that is. the viscosimeters, and (2) the preparation of a solution, 
or rather a suspension, of starch of constant composition. 


Viscosimetcr.-'Th^ instrument used is of 7 L arm 

Ostwald. It is U-shaped with a capillary tube and bulb_ inserted into one ann 
(fig. 1). The starch solution (5 cc. of a 3 per cent solution) is introduced 
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one arm of the tube and, by suction on a rubber tube, is drawn above the upper 
mark into the other arm, whereupon the suction is released. As the level of the 
fluid passes this point the stop-watch is started, and as the second mark just below 
the bulb is passed the watch is stopped. This time interval (in seconds) is taken 
as the measure of viscosity. Viscosimeters were selected which had an outflow 
time for water of from 15 to 20 seconds, or for the starch solution of from 40 
to SO seconds. This short period enables one to make more rapid readings and 
gives values as accurate as those with tubes having a much longer outflow 
time. Several readings are made to check the constancy of the viscosity, and 



•ig. 1. Tlic Ostwald viscosimeter. Solution C is introduced into the open 
en of a glass U-tube. By suction on rubber tube E, it is drawn above point A 
and the suction is removed. The time of outflow from point A to point B is taken 
as a measure of the viscosity (in seconds). The resistance is due to the capillary 

tu>e A plug of cotton D protects the solution from contamination by particles 
of sahva. 

ordinaril) 0,4 cc. of the plasma to be tested is added. A few bubbles of air 
art dmvn through to insure mixing, and readings are made every few minutes 
imt! } lore is a 20 per cent reduction in the outflow time, that is, in the viscosit}'. 
1C number of minutes required to reach this point is recorded. A graph may 
c potted if desired with viscosity in seconds, and time in minutes, as axes. It 
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forms almost a logarithmic curve, and, as reported in our 


previous communica- 


amount 


tiVin , • . — , 1 , uui jjjcvious corr 

this time interval, m minutes, bears an inverse linear relation to the 

of amylase added, that is, the reaction follows Arrhenius’ rule, T = -L where 
T equals the time required to effect a given change and Q equals°the con- 
centration of enzyme used to effect this change. The addilion of 0.4 cc of 
blood plasma to 5 cc. of starch solution affects the initial viscosity so little 
° necessary for the zero point. This is due to the fact that 

he blood plasma has about the same viscosity as the starch preparation that we 
used. In the case of plasma with higher concentrations of amylase a smaller 
amount may be added, that is, 0.1 instead of 0.4 cc. 

The set-up is represented in figure 2. A rvater-bath with glass sides is used, 
the back wall being frosted. A light behind it gives satisfactory illumination. The 
water is kept in circulation by air blown through it, and the temperature is 
maintained at 37.5 C. ± 0.1 C, by means of a mercur}' thermostat and a small 
gas flame. The viscosimeters, as well as all pipets, are plugged with cotton to 
preclude the entrance of particles of saliva. All glassware is kept scrupulously 
clean, for any adhering particle may' affect the passage of fluid through the capillary 
tube. As a routine, the following solutions are run through before being used 
each time: cleaning solution, tap water, alcohol and ether. 

Starch Solution . — We found variations in the composition of various prepara- 
tions of soluble starch, so that for any series of observations it is necessary to 
obtain a good supply and to use the same preparation throughout. The batdi 
that we are now using is made up as follows : Three grams are weighed out and 
added to 70 cc. of cold distilled water and shaken until the suspension is 
homogeneous. It is then brought to boil over a free flame, with constant shaking, 
in not less than three minutes, although a longer period does not alter the 
properties of the final solution. Thirty cubic centimeters of Sorensen’s fifteenth- 
molar phospiiate buffer is added (pn 6.8), and the flask is stoppered with a cotton 
plug and autoclaved for fifteen minutes at 10 pounds’ (4.5 Kg.) pressure. Just 
before it is ready to use it is filtered through paper, and 5 cc. portions are 
transferred to the viscosimeters. The solution, if kept sterile at 37 C., may 
stand for from several hours to a day or two without altering its usefulness, but 
if kept for several days clianges seem to occur. Blood is obtained by venipuncture, 
it is o.x-alated, and the clear plasma used. Standing in the icebox for from twelve 
to twenty- four hours does not alter its diastatic power, but longer periods may 
do so. 

Calculation of Amylase Units.-With 0.4 cc. of normal oxalated plasma from 
the human adult a reduction of 20 per cent in the outflow time is efferied m 
about thirty minutes, or with 02 cc. in si.xty minutes. One unit is > 

taken as the amount of enzyme in 1 cc. which will reduce the viscosity 20 p 
cent in one hour. The formula for determining amylase units (A.U.) on tms 
basis is A U = ffl -, which is simply Arrhenius’ rule with the factor of concentr^ 
tion added, 'in^h';- foregoing formula, A.U. equals units per cubic ^ 

time (in minutes) required to reduce the viscosity 20 per cent and F solume 

enzyme solution (plasma) used to effect this change. „,„„eatic iuicc 

It was found convenient to have a solution of saliva or of pane J 
diluted so that 0.1 cc. of it was as active as 0.4 cc. of ^ ^ 

keeps well in the icebox for several months or without the 

is added. In this way a standard control was available at all time 

necessity of obtaining normal plasma. 



Fig. 2. — ^^''iscosimc^e^ set-up for amylase estimations. The Ostwalci viscos- 
imeter A is attached to a brass spring clamp B wliich in turn is fastened to the 
brass rod L, movable in the frame and held tight by the screw K. In this way 
the viscosimeter may be lowered into or removed from tlic water bath. The 
solution in the t-iscosimetcr is drawn up to the upper mark by suction on the rubber 
tube E. A desk lamp D illuminates the bath from behind. 

The water bath is kept warm by the gas flame C which is automatically regu- 
lated throush the mercury thermostat G. The gas inlet F is a tube drawn to a 
capillary point wiiich is placed just at the level of the mercury when the temper- 
ature 7 is at 37.3 C. A by-pass H keeps a tiny pilot light always burning. The 
water bath is insulated on each side by felt pads .1/, and the water is kept in 
circulation In an inlet of air I wiiich bubbles through a glass tube I. 
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OBSERVATIONS 

We have prepared tables and clinical abstracts of our observations 
winch are almost self-explanatory. The observations on the blood 
amylase in a series of twenty-five “normal” controls, not operated on, are 
presented in table 1. The only criterion of normality so far as the 
pancreas was concerned was that no suggestion of pancreatic disease 
was evident in any case. Two patients with diabetes are included in 
this list since they too gave no indication of disease of the acinar tissue. 
The blood amylase in all cases was within what we have designated as 
‘ noiTnal ’ limits, that is, from 4.3 to 6.8 units, although most of the cases 
showed values within a closer range than this. In table 2 are listed data 

Tadle I. — Amylase Units in the Plasma of a Series of Unselected Patients 



Case 

Date 

Age 

Sex 

1 

(M. J.) 

1/22/27 

31 

F 

l> 

(J. W.) 

1/22/27 

5S 

M 

3 

(R. S.) 

4/23/27 

24 

M 

4 

(A. T.) 

4/23/27 

28 

M 

5 

(B. H.) 

il^lZT 

19 

M 

c 

(L. B.) 

7/10/27 

54 

P 

r 

(W. E.) 

7/IG/27 

i« 

P 

8 

(B. M.) 

'llVSllt 

45 

M 

9 

(A. B.) 

SI S/27 

30 

M 

10 

(J. S.) 

9!2SI2t 

3S 

M 

11 

(M. L.) 

VSlVI'S 

24 

P 

12 

(M.P.) 

11/ 1/27 

29 

P 

18 

(S. S.) 

11/ 9/27 

61 

M 

li 

(J. H.) 

\mm 

45 

M 

15 

(A. H.) 

2/16/2S 

39 

M 

IG 

(J. D. B.) 

2/20/2S 

00 

M 

17 

(E.H.I 

2/20/2S 

30 

P 

IS 

(T. T.) 

3/ 5/2S 

24 


19 

(G. W.) 

3/13/2S 

50 

p 

20 

(M. B.) 

3/1S/2S 

4C 

P 

21 

(R.T.I 


72 

F 

22 

(A. W.) 

10/13/23 

42 

P 

23 

(A. R.) 

ZO/TolZS 

63 

M 


(A. G.) 

2/ 4/29 

62 

P 

25 

(L. P.) 

10129128 

28 

M 


Diagnosis 

Amyiase 

Units 

Enrly pregnancy 

50 


45 


5.1 

Tuberculosis of the hip 

47 

CO 


61 

Colostomy 

55 

4.8 

Practure of the spine 

02 

05 


54 



0.5 


4.8 


02 


60 



02 


50 


CO 


. ... 65 





for thirty-four patients subjected to laparotomy or autopsy in which the 
pancreas was examined; striking differences in amylase concentration 
are shown between eleven of them which were normal and 
three in whom disease of the pancreas was found. Further details ot 
the “normal” patients are summarized in table 3. It will be note 
the condition in a number of them, on account of the presence of jaim- 
dice, had been diagnosed as carcinoma at the head of the pancreas 
diagnosis of “normal” pancreas was made by histologic examinati 

four of these eleven cases at autopsy. _ or 

Clinical abstracts of these thirty-four cases m which an ° 

an autopsy was performed are appended. In addition two 
are described (nos. 35 and 36) ; on one wffh pancreatitis, who ^ 
were unable to perform an autopsy, and m the other pancr 


Table 2. Summary of Observations on Blood Amylase * in Cases Coming to 

Operation or Autopsy 


Diseased Pancreas 




r 

Chronic 

Pan- 

Acute Pan- 

Car- 
cinoma of 

Pancreatic 

Pressure on 
or Injury to 

Jaundice 

Case 

Pancreas 

ereatitis 

ereatitis 

Pancreas 

Cyst 

Pancreas 

1 

O 

3 


25 



. ..a 


0 

5.0 

9 





0 

n 

.1 




1.0 



4- 




1» (A) 




0 

6 

5 (A) 






4- 


5.5 




.... 



S 

4.5 


... 




+ 

0 


is 





u 

10 






21 

0 

n 






12 

0 

12 




10 



+ 

13 


» .. 

.. 

3.1 



4. 

14 

C.2 






0 

1.0 





15 


0 

15 


r.s 





0 

17 

5 (A) 


. . 




4- 

IS .... 


GO 





0 

10 .... 

5.2 



.... 



0 

20 .... 





50 


0 

21 .... 

-1-5 






0 

on 

5.1(A) 






4* 

23 .... 


9.0 





0 

2i .... 



25 

.... 



0 

25 .... 


IS.O (A) 


.... 

IS.U (A) 

IS.O 

0 

25 .... 


13.0 (A) 





+ 

27 .... 

5.0 (A) 



. ... 



+ 

25 .... 

. . 5.2 


. » 




0 

2S .... 


' 3.2 





0 

.70 .... 




i.5 (xA) 



4 

R1 .... 




23.0 (A) 



4* 

.72 .... 


4.S (A) 

• . * 




+ 

33 



... 

ii.5 (A) 



4 

3t .... 




)5.0 

12.5 (A) 



4 


• Xamorlcal values represent units of amylase in blood. "A” indicates that autopsy tvas 
pcrloriiicd and that the pancreas nas examined histologically. In all other eases diagnosis 
(h'prailcd on ohscn-atlons nt operation. 


Table 3. — Cases of Nonital Pancreas at Operation or Autopsy 


Blood 

„ Amylas 

Ca«o Unit Clinical Diagnosis Units 

" 11 riironlc cholecystitis 5.0 

0 (S Carolnoina of tlie pancreas.. 4.5 

' IT I’anctviiilc cyst 5.5 

S 45 Carcimnna of the pancreas.. 4.5 

U 4S Diioiienal ulcer G.2 

I* .'5 Careiniuna of the iiancreas. . 5.0 

E' .'L' J.'xstropliy of the hind.ler; 

atnlomlnnl tumor C2 

ti .'''I Chronic cholecy.=tItls 4.5 

-- 4^ .‘itnne in the common duct.. 5.1 

.n Cariinoma of the pancreas.. 5.0 

.\hiloUilnaI tumor.. 5.e 


Anatomic Observations 
Xonual pancreas (operation) 

Carcinoma of biliary tract; normal pan- 
creas (autopsy) 

Large meta.stntie carcinoma of liver (from 
stomach): normal pancreas (operation) 
.\eutc hepatitis; normal pancreas (operation) 

Normal pancreas (operation) 

■Acute hepatitis; normal panercas (autopsy) 
Ovarian cyst; normal pancreas (oi>eratlon) 

Cholecystitis; normal pancreas (operation) 

.‘done In the common duct; normal pancreas 
(nttfopsy) 

Metastatic carcinoma of the biliary ducts 
and tile liver; nonual pancreas (autopsy) 
Carcinoma of tlie gallliladdcr uith metastascs 
to the liver; iioniia! pancrea.s (operation) 
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admission, but hepatitis was indicated by later events I„ 
table 4 IS summarized the data for ten cases of chronic pancreatitis’ In 

examimtion 't 1 opportunity to make histologic 

examination. The remaining ones are adequately described in the 

clinical abstracts; that is, seven cases of carcinoma of the pancreas, t^^o 
0 pancreatic cysts, two of acute pancreatitis, and one each of pressure 
and of injury to the pancreas. At autopsy in the last-named case, a 
beginning pancreatic cyst was found at the probable site of the iniurj ; 
this illustrates the pathogenesis of the condition. 


REPORT or CASES 

The pancreas in all but two cases (nos. 35 and 36) was e-xamincd 
at operation or at autops}'. The liver function test referred to is that 
of Graham and Cole.''- 


Tadle 4 — Cases of Chronic Panel catitis 


Case Patient Clinical Diagnosis Units 


I 

oO 

Chronic cholecystitis 

10$) 
23 0 

3 

33 

Chronic cholecystitis 

03 

9 

Si 

Ciironic cholecystitis 

25 

10 

G2 

Duodenal ulcer 

250 

10 

SS 

Ciironic eholcoystitls 

7S 

IS 

G2 

Chronic cholccjstitis 

600 

23 

Si 

Chronic cholecystitis . 

04 

20 

C'G 

Carcinoma o£ tlic pancreas 

33 0 

20 

2i 

Chrome cliolecystitis 

30 

32 

57 

Carcinoma of the pancreas 

48 


Operative Observations 
Tliictened, hard pancreas 

Enlarged, firm pancreas 
Enlarged pancreas 

Indurated ulcer pcrlorating into the pancreas 
Hard indurated pancreas 
MarXcdl} enlarged and firm pancreas 
Stony, hard pancreas 

Interacinar infiltration and recent acute in 
flnmnintion (antop'S) 

Stonj hard pancreas (operation) 

Extensive fibrosis ol the pancreas (iiiitopsj) 


Case 1. — In H. F., a laborer, aged SO, admitted to the hospital on Oct 18, 
1927, the onset of the condition occurred three jears before with epigastric pain 
after meals, often persisting until the next meal One week before admission, 
jaundice appeared, becoming steadily worse 

Examination showed severe jaundice but no evidence of severe pain The 
van den Bergh test on admission showed 90 mg, per hundred cubic centimeters The 
urine contained bile The stool was watery and showed some free fat vith 
Sudan III stain 

By October 22, the jaundice had cleared considerabh The urine still contained 


bile • , I T1 

On October 24, an intravenous cholecystogram showed a faint shadow tne 

test for liver function showed 40 per cent retention at thirty minutes, the blood 

amylase value was 10 8 units, _ 

On November 2, the jaundice uas nearly gone The urine showed no me 

Blood amylase amounted to 25 units 

On November 9, an operation was performed. The gallbladder uas great, 
thickened and gray. The liver uas enlarged: no stones uere felt in the common 


32 Graham. E A ; Cole, W H ; Copher, G H , and ^loore S Diseases of 
the Gallbladder and Bile Ducts, Philadelphia. Lea & Febiger, 19-8 
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duct, but there were many greatly enlarged glands along It. The head of the 
pancreas v/as definitely thickened and firm. The gallbladder v.as removed- The 
common duct v/as opened and drained. The patient vomited repeated!} after tne 
operation. Gastric lavage yielded 1,100 cc. of fluid at one time. Death occurred 
two days after operation; no autopsy was performed. 

Case 2. E. L. B., a housewife, aged 42, admitted to the hospital on Feb. 14, 

1928, had had several courses of antisyphilitic treatment, sc-veral years before; the 
W'assermann reaction was nov/ plus or minus. The onset of the present illness 
occurred three weela before admission, with vague dyspepsia. Several days later 
there was pain in the right upper quadrant of the abdomen with some nausea 
and vomiting, which continued mildly for a week. The onset of jaundice occurred 
two weeks before admission; the stools became clay-colored and soft, and the 
patient had complete anorexia. 

E.xamination showed intense jaundice and tenderness in the right upper quadrant, 
especially over the gallbladder. The edge of the liver was felt. The test for liver 
function showed 80 per cent retention. Blood amylase on admission v/ss 0 ; that 
is, no diastatic actixdty could be demonstrated. The van den Bergh reaction on 
admission was 44 mg. per hundred cubic centimeters. Three weeks late-r when 
the jaundice had disappeared, the blood amylase was normal (5A units); the 
van den Bergh reaction was 10 mg. per hundred cubic centimeters, and the result 
of the liver funrtion test 8 per cent retention. In a cholccv'Stogram there was 
nonvisualization of the gallbladder. 

.-^t operation on March 21, the gallbladder was seen to be slightly thickened, 
adherent and enlarged. The sentinel gland was three times the normal size, as 
were the cj'stic and common ducts. The liver and spleen were adherent to the 
parietal peritoneum. The pancreas seemed to be norma! on palpation. The 
gallblarlder was removed ; it contained light brown bile. The patient was discharged 
on April Id. 

C.ssF. 3. — In P. F. K., a housewife, aged 33, admitted to the hospital on 
Dec. 3, 1928, the onset occurred four or five years before with attaclts of severe- 
epigastric pain radiating to the right upper quadrant of the abdomen. A 
\-ague pain in the epigastrium was relieved by sodium bicarbonate. The patient 
lost 60 pounds (272 Kg.) in weight in tour years. She had had five attacks in 
the past nine months. There had been no jaundice, but the .stools had been 
clay -colored. Xow, for the first time, there was jaundice. Examination showed: 
3 aundice, muscle guard and tenderness in the right upper quadrant under the 
margin of the ribs. In three weeks, the jaundice was nearly gone, the appetite 
v.as better and the pain was absent. The blood amylase ■value was 9 A units. The 
test for liver function showed 22 per cent retention. An operation was performed 
on Jan. 16, 1929. The gallbladder, on remor-al, was a thick pinlcish gray. Four 
faceted stones were rc-mo\'ed from the common duct which was drained. The 
pancreas was firm and slightly enlarged. The patient was discharged on 
February I. 

Ca=e 4. In \\ . C., a policeman, aged 46, admitted to the hospital on Sept. 7, 
1127, the condition began two months before with jaundice varying in intensity. One 
>car before admission, while in the hospital for a minor injurv-, the patient was 
found to have glycosuria and had been on a diet since. There was slight pain in 
the right upper quadrant of the abdomen. He had had from ten to si.xteen loose 
stools a day for the past three weeks, and had lost 35 pounds (16A Kg.) in weight. 
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Examination showed a well developed man who was deeply jaundiced Rl i 

rZir ' " ” ’ 

ee of September 21. The gallbladder contained 500 

cc. of tarry bile There was a large mass at the head of the pancreas, and small 
metastases to the liver. A cholecystogastrostomy was performed. The stools 
contained bile four days after the operation. Recovery was good, and the patient 
was discharged on October 5. 


Case S.— In E. M. C., a housewife, aged 67, admitted to the hospital on 
Uec. 31, 1927, the onset occurred eighteen hours before entrance to the hospital, 
which was two hours after a large meal; there was severe pain across the tipper 
part of the abdomen and constant vomiting. Morphia had little effect and the 
patient grew weaker. On entrance, she was pulseless; the temperature was 
38.8 C. (101.8 F.), and the white blood cells numbered 4,000. The upper part of 
the abdomen was rigid and painful. The patient was treated for shock. The blood 
amylase value was 150 units. The patient grew worse, and died in about six 
hours. A past history of hypertension and a mild cerebral accident one year before 
was obtained. The clinical diagnosis rested between coronary thromboses and an 
abdominal accident although acute pancreatitis was suspected. Autopsy showed 
acute pancreatitis with fat necrosis confined to the pancreas, acute peritonitis and 
gallstones. 


Case 6. — ^R. C., a laborer, aged 62, admitted to the hospital on April 4, 1928, 
developed pain in the lumbar region three months before. Jaundice appeared two 
months before admission. With the increase of jaundice, pain diminished and 
soon disappeared. There was a loss of 25 pounds (11.3 Kg.) in weight. There 
was no dyspepsia; intense itching was present, but no diarrhea. The blood amylase 
value was 4.8 units. The test for liver function showed 17 per cent retention. 

At operation, several nodules were found along the common duct. The pancreas 
seemed to be hard. One month later, the patient died. Autopsy showed a normal 
pancreas and carcinoma of the gallbladder with metastases to the liver and to the 
glands along the common duct. 


Case 7.— In G. J. W., a farmer, aged 47, admitted to the hospital on March 
31, 1928, the onset occurred two months before with dyspnea on exertion; there 
was no edema. 'Examination showed: red blood cells, 3,800,000; hemoglobin, 40 
per cent; differential count, normal; blood pressure, 120 systolic and 70 diastolic. A 
tumor was seen and felt in the right upper quadrant of the abdomen; it was 
probably in the liver; the latter was hard, and its right border was felt distm^y. 
The guaiac test of the stool repeatedly gave positive results; there was no fat. The 
heart was normal ; an electrocardiogram was negative. A series of gastro-intestma 
x-ray pictures revealed an extra-alimentary tumor, independent of the gastro- 
intestinal tract, which suggested a pancreatic cyst. There was a normal a^iount o 
blood amylase (5.5 units). The test for liver function showed 17 per cent reten o 
(normal). On April 14 an operation was performed disclosing a tumor m In 
the size of a grapefruit; it was soft but not fluctuant. There was a majs ,ajhc 
lower third of the greater curvature of the stomach. f of 

piece of the tumor were removed. The diagnosis was . , 

the stomach with metastases to the liver. The patient was discharged on Ma> 1. 
r- a V T R a laborer aged 45, admitted to the hospital on Oct. ^o, 

1928,^complained of fatigue and anorexia three weeks before. J"'® 
admission, he became yellow. He felt no pam. Examination shoved deep jau 
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dice; the edge of the liver was felt below the costal margin. The serum bilirubin 
was 49 mg. The clinical diagnosis was carcinoma of the pancreas. 

The stool was light brown, and acid when tested with litmus. The patient 
was afebrile during the entire illness. The white blood cells numbered 10,000; the 
lymphocytes, 37 per cent. Blood amylase amounted to 6.5 units. The tests for 
liver function showed high retention (80 per cent). 

At operation, on November 7, the pancreas proved to be soft and normal in 
size with a small hard nodule in its head, which did not cause obstruction (retro- 
peritoneal lymph mode?). The liver was swollen. The common duct was not 
dilated. The gallbladder was moderately distended. A piece of liver which was 
removed showed acute hepatitis. The patient was discharged on Jan. 28, 1929, well. 

Case 9. — C. J. S., a clerk, aged 34, admitted to the hospital on Oct. 29, 1928, 
said that she was awakened at 4 a. m., si.v months before, with pain in the left 
infracostal region. Chills and night sweats had occurred for six weeks. At the time of 
admission, she had intermittent infracostal pain on the left side, often lasting for 
ten days at a time. The patient had a low grade fever, her temperature varying 
from 99,4 to 100 F. A series of gastro-intestinal x-ray pictures were negative. 
In the sugar tolerance test, a peculiar rise occurred in two hours. The gallbladder 
was faintly visualized and showed torsion. Blood amylase amounted to 2.5 units 
two months before admission; another examination after entrance to the hospital 
gave the same result. 

At operation, on November IS, a chronic inflammation of the gallbladder and 
appendi.x was found. The pancreas was definitely enlarged, especially in its 
body, but it was not very hard (lipomatosis of the pancreas?). The patient was 
discharged on November 30. 

Case 10. — G. H. B., a mechanic, aged 52, gave a meager history of gradually 
increasing vomiting for the previous six months. Two weeks before admission, 
roentgen examination showed marked si.\-hour retention and a long narrow 
duodenal cap. On admission, the patient was drowsy and weak. The nonprotein 
nitrogen amounted to 166 mg. per hundred cubic centimeters, and the secretion of 
phenolsulphonphthalein was S per cent in two hours. Blood amylase amounted to 
21 units. Fluids administered parenterally, and high caloric liquid feedings were 
given; in fourteen days, the nonprotein nitrogen and the phenolsulphonphthalein 
were normal, and the general condition was markedly improved. Blood amylase 
showed 21 units. At operation, a large duodenal ulcer adherent to and perforating 
into the pancreas was found. 

Case 11. — ^J. A. H., aged 61, admitted to the hospital on March 21, 1928, had 
a huge hydronephrosis of the right kidney. No gallbladder shadow was visible. 
Blood amylase amounted to 12.5 units. A right nephrectomy was performed on 
April 2. A large dilated sac was observed to press on the gallbladder and the 
pancreas. The patient was discharged on April 19. 

Case 12.— J. W. S,, aged 58, admitted to the hospital on Feb. 29, 1928, developed 
nausea and general abdominal discomfort eight weeks before admission; he 
became worse, and in one week his color was yellow. He had had diarrhea for 
sereral weeks. One attack of transient pain had been felt in the upper right 
qua rant of the abdomen. The Wassermann reaction was negative. On three 
examinations w'ith sudan III stain, the stool showed fat; no bile was found. Sugar 
was repeatedly shown in the urine from March 1 to 15 ; it then disappeared. Blood 
sugar amounted to 116 mg. per hundred cubic centimeters, blood amylase to 10.7 
units. The test for liver function showed 23 per cent retention. 
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At operation, a hard mass ^vas found in the head of the pancreas and a 
March 27, although the ;aundice had cleared up considerably. 

4 ^ to the hospital on Nor. 

intermittent and irregular attacks of jaundice for one 
year, with a loss of 35 pounds (16.3 Kg.) in weight and from five to si.x stools 
a day. E.\aminafion showed an enlarged liver and jaundice. The test for liver 
iunction yielded 17 per cent retention. The clinical diagnosis was cirrhosis of the 
liver. An opeiation was advised but was refused by the patient. The patient 
was discharged on November 12, but was readmitted on July 6, 1927. Interniittent 
attacks of jaundice had continued, with greater severity. The test for liver function 
showed 17 per cent retention. Blood amylase amounted to 3.1 units. An operation 
on July 10 revealed a large tumor in the head of the pancreas. The patient died 
on July 15. 

Case 14. In R. M., the blood amylase amounted to 62 units. An operation 
was performed for duodenal ulcer. A gastro-enterostomy was also performed. The 
pancreas was of normal appearance and consistency. Recovery was uneventful. 

Case 15. — R. G., a colored laborer, aged 46, was admitted on April 13, 1927, 
with a history of pain around the umbilicus after meals for the previous one and a 
half years. The patient had lost 35 pounds (16.3 Kg.) in weight. Examination 
showed a tumor in the upper part of the abdomen, that was cystic, rounded and 
movable. A series of gastro-intestinal x-ray pictures showed an extra-alimentary 
tumor. Blood amylase amounted to 14.7 units. An operation was performed on 
April 25. A large pancreatic cyst was marsupialized. The fluid contained 300 
units of amylase per cubic centimeter. The blood amylase value, three days after 
the operation, was 6.7 units. The wound healed rapidly, and the patient was 
discharged on hfay 7. He was readmitted on October 7 with a history of excellent 
health until the onset of pain, nausea and vomiting two weeks before. Examination 
showed evidence of chronic cholecystitis. An operation was performed on Novem- 
ber ll. The gallbladder and stones were removed. The pancreas was difficult to 
palpate but the head seemed to be somewhat indurated. 

Case 16. — G. S., a housewife, aged 33, admitted to the hospital on JIarch 
28, 1928, gave a history of severe, nearly painless jaundice, occurring seven years 
before and lasting for eight months. She had had intermittent attacks of jaundice 
of short duration for the past few years, and attacks of pain requiring morphine. 
Examination showed tenderness to the right of the umbilicus and over both twelfth 
ribs. The blood amydase amounted to 7.8 units. The test for liver function 
showed 9 per cent retention (normal). At operation, on April 16, no gallbladder 
and no stones were found. The common duct w'as drained; the pancreas was 
hard and indurated. The patient was discharged on April 21. 

Case 17.— H. F., a housewife, aged S3 (referred by Dr. A. Goldman), gave 
3 history of diabetes of three years’ duration, controlled by diet without insulin. 
The onset of the present illness occurred one month before admission^ to the 
hospital, with chills and fever which subsided in ten days. Ten days later jaundice 
was noted, becoming increasingly severe. Fever _ returned and rose as high as 
104 F. There was vomiting, and pain in the joints, but no abdomina p • 
Examination showed deep jaundice, a large mass in the right upper Q'^drant 
the abdomen, probably in the liver, which was hard but not The ur m 

contained bile but no urobilin. The test for liver function ^ , 

retention. The clinical diagnosis was stone m the common duct, ° 
of the pancreas. The blood amylase amounted to 5 units. An operation 
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a normal pancreas, an enlarged liver, and a normal gallbladder and ducts. At 
the neck of the gallbladder, numerous enlarged glands were found which were 
removed. The patient died five days later. At autopsy, acute degenerative hepatitis 
and nephritis were found. The pancreas was normal. 

Case 18. — H. W. B., a housewife, aged 62 (referred by Dr. W. F. Peterson), 
gave a history of low grade colitis for eighteen years; and attacks of pain in 
the epigastrium, vomiting and clay-colored stools at intervals for the past year. 
Examination showed only a little albumin and hypertensive myocarditis; a cholecys- 
togram showed no shadow. The blood amylase amounted to 60 units. An opera- 
tion, performed on Oct. IS, 1928, showed evidence of an ulcer near the pylorus. A 
posterior gastro-enterostomy was performed; the appendix was removed and 
the gallbladder was emptied of many stones and drained. The pancreas was 
markedly enlarged and firm. The course was uneventful until eight days after 
operation when the patient suddenly died. No autopsy was performed. 

Case 19. — T. J. J., a housewife, aged 32, was admitted to the hospital on 
Feb. 16, 1929, for the cure of an exstrophy of the bladder which she had had 
since birth. A large abdominal tumor was found during the routine examination ; 
it was freely movable but firm and indefinitely outlined. Roentgen examination 
showed an extra-alimentary tumor. A pancreatic cyst was suspected. The blood 
amylase amounted to 6.2 units. At operation, on March 4, the tumor was found 
to be a huge, bilateral ovarian cyst. The pancreas was normal. The patient was 
discharged on March 20. 

Case 20. — M. E. F., a housewife, aged 44, admitted to the hospital on Oct. 28, 
1927, gave a history of irregular attacks of pain in the epigastrium for the past 
ten years, with nausea, belching and vomiting. An abdominal swelling observed 
four weeks before admission increased in size. Examination showed a huge, 
tense, cystic tumor in the epigastrium. The blood amylase amounted to 29 units 
on October 28, and 50 units on November 2. A series of gastro-intestinal x-ray 
pictures revealed an extra-alimentary tumor, probably a pancreatic cyst. At 
operation, on November 4, the large cyst was drained of 2,000 cc. of fluid ; a large 
piece of necrotic tissue was removed and the cyst was marsupialized. The cystic 
fluid contained 1,200 units of amylase. No bile or trypsin was demonstrable. The 
wound healed slowly but satisfactorily. Recovery was uneventful, except for 
persistent tachycardia and weakness (pancreatic asthenia?). On November 9, 
blood amylase amounted to 10 units. The patient was discharged on December 3. 

Case 21. M. S, Y., a housewife, aged SO, was admitted to the hospital on 
Jan. 9, 1928. The onset occurred fifteen months before admission, with dyspepsia 
and cramping pain in the epigastrium. Since then, the patient had lost 50 pounds 
(22.6 Kg.). Results of an examination were negative. A cholecystogram revealed 
no shadow. A series of gastro-intestinal x-ray pictures were negative. Blood 
amylase amounted to 4.5 units. In an operation, on Jan. 12, 1928, a diseased 
gallbladder and a number of stones were removed. The pancreas felt normal. The- 
patient was discharged on January 27. 

1 A *iQ ->7 ® laundress, aged 48, admitted to the hospital on July 

14, 19„7 , gave a history characteristic of disease of the gallbladder. Examination 
showed jaundice and an enlarged, tender liver. The test for liver function showed 
high retention of dye (80 per cent). Blood amylase amounted to 5.1 units. An 
operation, on July 19, revealed a stone in the cystic duct and several stones in 
the common duct, which were removed. White bile ivas found above the obstruc- 
lon. c lolecystectomy was performed; the pancreas was normal. Death 
occurred m twelve hours. Autopsy revealed 1,400 cc. of blood in the peritoneal 
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cavity, chronic hepatitis and pulmonary edema. The pancreas was , 

and m section showed only a slight increase in interacinar connective tissue “ 

\ ^ ’’"“sewife, aged 34, admitted on Jan. 24, m the 
history and ex-ammatmn disclosed symptoms characteristic of chronic disease of 

1, the gallbladder and several stones were removed. The pancreas was as stom- 
hard as if it were affected with carcinoma. The patient was discharged on 


admitted to the City Hospital on Nov. 28, 
iy^7, had experienced sudden pain to the right of the umbilicus two days before; it 
became worse, and the patient vomited persistently. The abdomen was scaphoid; 
Hiere was rigidity in its upper portion. The white blood cells numbered 17,400. 
Generalized pain was present. At operation, free blood was found in the peritoneal 
cavity; (here were many flecks of fat necrosis in the omentum. The pancreas 
rvas enlarged and hemorrhagic. The lesser peritoneal cavity was drained, and the 
patient developed signs of tetanus and died on December 5. Blood amylase, two 
days after operation, amounted to 25 units. 

Case 25. G. K., a clerk, aged 21, was admitted to the City Hospital on Dec. 
4, 1928, as an emergency case with a history of severe pain in the epigastrium 
and of persistent vomiting for forty'-eight hours. Six months before, he was in 
an automobile accident and sustained a crushing blow in the upper part of the 
abdomen following which he vomited persistently. Operation revealed a large 
mass, probably a hematoma, in the region of the pancreas. Blood amylase a few 
weeks later amounted to 16.6 units. The patient was discharged as improved, but 
had attacks of pain and vomited at irregular intervals, once vomiting blood. Blood 
amylase, on November 1, amounted to 16.8 units. 

On this admission he presented the picture of an,acute abdominal condition. His 
abdomen was distended and rigid, especially in the upper half, and was exquisitely 
tender to pressure. The temperature was 102 F., the pulse rate 130. The white 


blood cells numbered 14,000, later 42,000. In view of the previous history, acute 
pancreatitis was suspected. Blood amylase, however, was but 7.1 units. At 
operation the mass noted at the first operation was found ; the omentum around 
it showed one large whitish area of old, organizing fat necrosis. No other fresh 
areas of fat necrosis w'ere seen. The peritoneal cavity contained about 2 liters of 
clear straw-colored fluid. The loops of small intestine were distended, but no 


peritonitis was present. The mass was incised and found to be solid fibrous 
inflammatory tissue in which several loops of collapsed small bowel were seen. 
Further exploration revealed no evidence of abscess or softening. The genera 
condition of the patient precluded further work, and an enterostomy was per- 
formed with a rubber tube; the wound was closed with through-and-throngh 
ligatures. After a stormy convalescence, the patient recovered and game 
pounds (13.6 Kg.) in weight. Four months later, he became suddenly ill and die 
in a week with generalized petechiae. Autopsy revealed a f ' 

The pancreas was small and hard, and there was a cyst at the head, about 5 cm. 
diameter, containing clear fluid. Section of the gland showed advanced cirrho 
changes. Blood amylase, one week before death, amounted to 18.5 units. 

Case 26-In M. F., a housewife, aged 56, admitted to the City Hospital on 
Dec. 28, 1928, the onset occurred two weeks before admission with 
dyspepsia and increasing Jaundice. There was a loss of 2o 
weight. Examination showed a sick woman, with jaund.ee 
nourished and had many petechiae. A senes of gastro-mtest.nal . -r.> 
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showed nothing abnormal. Blood amylase amounted to 13.7 units. A test of liver 
function showed 15 per cent retention. The Wassermann reaction was negative. 
The phenolsulphonphthalein test gave normal results. Death occurred suddenly 
on Jan. 19, 1929. The clinical diagnosis was carcinoma of the pancreas. A limited 
autopsy revealed no carcinoma. The pancreas showed old interacinar fibrosis with, 
a recent acute inflammatory process. 

Case 27.— In F. F., a laborer, aged 59, admitted to the City Hospital on Jan. 
18, 1929, the onset occurred two months before admission, with pain in the chest 
and the upper part of the abdomen, and with increasing jaundice. Examination 
showed a deeply jaundiced patient with an irregular mass in the right upper 
quadrant of the abdomen, probably in the liver. A series of gastro-intestinal 
x-ray pictures were negative. Blood amylase amounted to 5 units. Operation 
showed multiple nodules in the liver, and a mass in the region of the head of the 
pancreas. The patient died several days later. Autopsy showed that the mass 
felt at operation was a large retroperitoneal node, and was not connected with 
the pancreas. Sections of the pancreas showed normally formed acini with no 
sign of obstruction of the ducts. There were numerous nodules along the common 
4uct and in the liver to account for the jaundice. Sections sliowed the tumor to 
be of the neuroganglionic type, probably arising from retroperitoneal nerve tissue. 

Case 28. — F. M. II., a housewife, aged 59, admitted to the hospital on Jan. 
IS, 1929, gave a history of weakness for the past year, enlargement of the 
epigastrium and discoloration of the skin. Examination revealed a prominent 
abdomen, a hard, nodular, enlarged liver and an enlarged spleen. All laboratory 
tests gave negative results. Biopsy of the skin showed no iron pigment. The 
liver function test showed normal retention (18 per cent). Blood amylase amounted 
to 5.2 units. A series of gastro-intestinal x-ray pictures were negative. A chole- 
cystogram did not give visualization. At operation, under local anesthesia, on 
January 28, the liver was found to be tremendously enlarged and to contain 
multiple metastases. The gallbladder was edematous and contained stones. The 
stomach could not be examined well on account of pain. The pancreas felt normal. 
Biopsy showed adenocarcinoma, probably from the gallbladder. The patient was 
discharged on February 21. 

Case 29. — C. M., a housewife, aged 24, admitted to the City Hospital on 
Feb. 14, 1928, gave a history of intermittent attacks of severe pain in the right 
upper quadrant of the abdomen, with vomiting. Examination showed an obese 
woman, slightly jaundiced, with tenderness over the entire abdomen, especially 
in the right upper quadrant. Blood amylase amounted to 3.1 units. A cholecysto- 
gram showed a faint shadow. At operation, on February 27, a diseased gallbladder 
and several stones were removed. There was no stone in the common duct. The 
probe was passed into the duodenum from the opening in the duct. The pancreas 
was hard throughout its entire extent, and felt like carcinoma. 

Case 30. — In J, S. (referred 63^ Dr. John Hotz), a laborer, aged 56, admitted 
to the City Hospital on Feb. 1, 1929, the onset occurred six months before admission, 
with gradually increasing, painless jaundice. The patient had diarrhea “severe 
enough to take medicine for it.” Five weeks before admission, swelling of the 
ankles was noted. Three weeks later there was swelling of the abdomen and 
dyspnea. Examination showed a distended abdomen. Paracentesis on numerous 
occasions 3’ieldcd from 5,000 to 6,000 cc. each time. A series of gastro-intestinal 
x-ray pictures were negative. Blood amydase amounted to 1.1 units. The Wasser- 
mann reaction yvas negative. Jaundice grew progressively more intense. Death 
•occurred two months after admission. A limited autopsy revealed a hard mass at 
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Microscopic e.xamination showed vacuolization and 


Case. 31 M. B. M., a man 48 years of age, admitted on March 22, 1929 gave 

ns ory o reatment for syphilis; the Wassermann reaction was now negative 

late tT admission, with severe diarrhea. Two weeks 

re eal ^ ^ ’ncreas.ng jaundice began; there was no pain. E.vamination 

revealed extreme icterus, some rigidity and tenderness in the epigastrium; edema 
of the lower part of the legs, and ascites. The test for liver function showed 18 
per cent retention (normal). In two examinations, blood amylase amounted to 
25 and 30 units, respectively. At operation, on April 12, 3 liters of ascitic fluid 
was removed; an enlarged gallbladder and hobnail liver were observed. An 
omentope.xy was performed. Death occurred three days later. Autopsy revealed 
hepatic cirrhosis, and carcinoma at the orifice of the common and pancreatic 
^ ducts, obstructing both. The pancreas on section showed pink-staining acini, 
tremendously dilated ducts and early hemorrhagic pancreatitis. 

Case 32. In W. H. W., a laborer, aged 57, admitted to the hospital on March 
19, 1928, the onset of the condition occurred seven weeks before admission, with a 
progressive increase in jaundice and dull pains in the lower portion of the chest 
and back, gradually becoming more severe. Constipation was marked. Examina- 
tion showed marked jaundice and a large tumor in the right upper quadrant 
of the abdomen, probably the liver, which was nodular and extended down into 
the umbilicus. The Wassermann reaction was four plus. The test for liver 
function showed 17 per cent retention. Blood amylase amounted to 4.8 units, A 
series of gastro-intestinal x-ray pictures showed an extra-alimentary tumor, and 
hydrops of the gallbladder (?). The patient was discharged on March 28. Death 
occurred on May 9. An autopsy, performed by Dr. D. L. Harris, showed an 
enormously dilated gallbladder, and a nodular, hard, fibrotic pancreas which 
constricted the lower end of the common duct with a fibrous band. Section of 
the gland showed no carcinoma ; there was only an extensive fibrosis with scattered 
groups of acinar cells. 

Case 33. — In W. J., a colored laborer, aged 57, admitted to the hospital on 
March 12, 1929, the onset of the condition occurred six weeks before admission, 
with pain in the epigastrium, increasing jaundice, and constipation. There was a 
loss of 100 pounds (45.3 Kg.) in weight during this time from a usual w'eight of 
220 pounds (99.8 Kg.). E.xamination showed intense jaundice, glycosuria, and 
220 mg. of blood sugar per hundred cubic centimeters, a condition that was soon 
controlled with diet and insulin. The abdomen w'as soft; there was a tumor m 
the epigastrium, probably in the gallbladder. Blood amylase, on hlarch 1 , 
amounted to 7.5 units; on April 5, 5 units. At operation, on April 12, a tumor 
was felt in the head of the pancreas; an enlarged gallbladder was anastomosed 
to the stomach. Death occurred tliree days later. The autopsy sliowcd a carmnoma 
in the head of the pancreas through which the pancreatic duct could be followed 
from the tail to the duodenum without apparent obstruction. The tumor, however 
occluded the lower common duct. Section of the body of the pancreas showed 
extensive fibrosis of the gland with many normal-sfaming acinar cells. 

Case 34— In C. D., a colored laborer, aged 49, admitted to the hospital on 
March 27, 1929, the onset occurred two months before admission, with dull pain 
in the epigastrium, bloating constipation, increasing jaundice am t ^ 
pounds (27.2 Kg.) in weight. On examination the liver edge -as fch. Ot^ 
observations were: a distended gallbladder (?), deep icterus 
mann reaction of four plus, blood sugar 216 mg. per hundred cubic cent.mete , 
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an icteric index of 150. The stool showed fatty acid. A series of gastro-intestinal 
x-ray pictures revealed a retroperitoneal tumor. Blood amylase, on April 1, 
amounted to 12.5 units; on April 16, 10.8 units. On May 8 the patient died 
suddenly. Autopsy showed a large tumor in the head of the pancreas compressing 
the common bile duct and the main pancreatic duct; the latter was dilated to the size 
of a finger. Section of the tail of the pancreas showed many normal-staining 
acini, and general dilatation of the small ducts. 

Case 35.— M. M., a housewife, aged 48, admitted to the hospital on Oct. 23, 
1928, developed jaundice one month before admission, which gradually increased. 
She lost 33 pounds (14.9 Kg.) in weight. There had been pain along the costal 
margin for six months, vomiting for one week. Examination showed a blood 
sugar of 0.294 Gm. per hundred cubic centimeters. The gastric contents after a 
test meal rvere 63 degrees total acid. The serum bilirubin on admission was 21 ; 
two days later, 40; three days later, 83, and three days later, 65. Blood amylase, 
on October 31, amounted to 1.9 units and on November 2 to 1.8 units. The patient 
died suddenly on November 19. autopsy was performed. 

Case 36. — A. G. A., a housewife, aged 36, was admitted on Oct. 30, 1928, as 
an acute emergenc}' case with a history of vomiting daily for the previous two 
weeks. There had been pain in the epigastrium, loss of weight, and a temperature 
of from 101 to 103 F, Examination showed an acutely ill woman with jaundice 
and much spasm in the epigastrium and right upper quadrant of the abdomen. An 
indefinite mass in the epigastrium was not outlined because of muscle spasm. The 
condition was thought to be of pancreatic origin, but the blood amylase was normal 
(4.3 units). A series of gastro-intestinal x-ray pictures were negative. The 
jaundice and fever cleared, and a history of alcoholism was then obtained. The 
diagnosis was hepatitis in alcoholic psychosis. The patient was discharged on 
December 18. 

COMMENT 

The immediate inference to be drawn from the data herein presented 
is that there is a definite correlation between the concentration of blood 
amylase and the presence or absence of disease in the pancreas, thus 
bearing out the experimental evidence that this ferment in the blood is 
largely of pancreatic origin. The main application of our data, however, 
concerns the addition of a vakmble aid in the diagnosis of diseases of 
the pancreas which are frequently difificult of clinical detection. 

A brief summary of our observations is as follows : In thirty-six 
patients, the blood amylase was found to lie between 4.3 and 6.8 units. 
In eleven of these, the pancreas was either felt at operation or examined 
microscopically after autopsy and found to be normal (table 3). The 
remaining twenty-five were patients convalescent from a variety of 
conditions (table 1). In tWenty-two patients, abnormal concentration 
of blood amylase was found ; in fifteen of them increased values ranging 
fiom 7.8 to 150 emits hut in seven cases values below normal, that is, 
fiom 0.5 to 3 units. In twenty-one of these twent 3 ^-two cases which 
show’ed abnormal values, disease of the pancreas was found, either at 
opeiation or at autopsy, distributed among the conditions as follows: 
clnonic pancreatitis ten cases (table 4), carcinoma of the pancreas 
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seven, acute pancreatitis two, pancreatic cyst two, injury to t!ie pancreas 
one. and pressure on the pancreas one. All cases in which an operation 
or an autopsy was performed are summarized in table 2. 

Certain limitations of these observations must be noted. Our basis 
for diagnosis of disease in the pancreas in the majority of the cases was 
dependent on the data obtained at operation. The reliability of palpation 
or even of inspection of this small inaccessible organ during laparotomy 
may be questioned seriously. The liver, large and visible as it is, was 
for a long time overlooked as the site of inflammatory changes. It was 
only after the e.vtensive observations in this clinic, that the frequency 
of hepatitis was established and its importance first realized. But much 
of the evidence rested on the microscopic examination of tiny pieces of 
liver removed at operation. It is, of course, more difficult to perform 
biopsy on the pancreas. J. H. Nicoll,^^ however, a British 
surgeon, described a number of cases in which he has e.xcised 
a wedge of tissue from the pancreas through an opening in the 
gastrocolic omentum and was enabled, thereby^, to make a diag- 
nosis of pancreatitis from the microscopic examination of the tissue 
removed in seven cases in which the clinical diagnosis was entirely differ- 
ent. He pointed out also the possible unreliability of a palpatory diagno- 
sis of pancreatic disease at operation. In one case of our series (no. 27), 
autopsy showed that a mass in the region of the head of the pancreas, 
felt at operation and diagnosed as a carcinoma at the head of the 
pancreas, was in reality an enlarged retroperitoneal lymph gland, and 
that the pancreas was normal microscopically. In twelve cases of our 
series we obtained microscopic examinations of the pancreas (nos. 5, 6, 
17, 22, 25, 26, 27, 30, 31, 32, 33 and 34 which came to autopsy). It is 
significant that in ten of them there was a complete confirmation of 
the observations on blood amylase. The other two (cases 32 and 33) 
will be discussed later. 

A possible limitation in the method described lies in the making up 
of the starch suspension, since different preparations give solutions of 
different viscosities and varying rates of hydrolysis. By using the same 
batch of starch and by making a fresh preparation of it each time m the 
same way, uniform results were obtained. In our experience, tlie 
method was accurate to within 10 per cent in repeated determinations on 
the same specimen. We are now working on methods for preparing a 
more standard and more simple solution of starch. 

The existence of jaundice, per se, has no effect on t le ^my o 
activkr of blood. This was determined by actually adding bile o 
normal serum and finding no alteration in cliastatic poujr Mom 
over, in five cases of hepatogenous icterus in which the pancreas 


33. Nicoll, J. H.: Brit. M. J. 2:625, 1919. 
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affected, “normal” amylase values were obtained (table 3, nos. 6, 8, 17, 
22 and 27). This fact has enabled us to exclude the pancreas in a 
number of cases of painless jaundice when the clinical diagnosis pointed 
to carcinoma of the pancreas. 

In a number of cases, too, the amylase determination gave the only 
indication of pancreatic disease, the clinical evidence being either incon- 
clusive or indicative of another diagnosis (nos. 5, 13 and 15). In one 
case a normal amylase value ruled out a possible pancreatitis and subse- 
quent events showed the inference to be correct (case 36). In another 
instance (no. 7) an abdominal tumor, supposed from roentgen examina- 
tion to be a pancreatic cyst (blood amylase normal), was found at 
operation to be a large metastatic nodule from a carcinoma of the 
stomach. 

The significance of the low amylase values obtained in this series of 
cases can easily be surmised. From the experimental evidence already 
mentioned one might interpret it as an indication of more or less com- 
plete atrophy of the aciiiar cells, for if the amylase of the blood is 
derived from these cells, atrophy would probably bring about this 
decrease. In only one case with a low value (no. 30) did we have an 
opportunity of examining the pancreas microscopically. In this case of 
carcinoma of the pancreas the blood amylase value, two weeks before 
death, was only 1.5 units or from about one-third to one-fourth the 
normal value. On section, this pancreas showed e.xtensive involvement 
of the acini many of which were replaced by fat cells, the others being 
necrotic or completely fibrosed. The islets of Langerhans appeared nor- 
mal. Of the other six cases of decreased amylase concentration, four 
(nos. 4, 9, 13 and 29) showed changes at laparotomy. The fifth patient 
(no. 35) had both glycosuria and jaundice, but died; no autopsy was 
obtained. The last case (no. 2) is more difficult to explain. On admis- 
sion the patient had almost no amylolytic activity in the blood and showed 
intense jaundice. Operation was performed five weeks later, after the 
jaundice had disappeared. At this time the blood amylase was normal. 
The laparotomy revealed chronic hepatitis and what was taken to be a 
normal pancreas. It perhaps illustrates the rapid power of the pancreas 
to recover from a severe degree of inflammation. 

The significance of the increased amylase in the blood seems clear. 
Obstruction to the ducts leading to increased absorption of pent-up 
ferments into the blood finds experimental corroboration in the evidence 
already cited. This is probably the mechanism in the cases of obstruction 
due to carcinoma (as well shown in no. 31) unless the process has led 
to atrophy of the acini. Atrophy’^ probably occurred in three of our 
seven cases and accounts for the low amylase value in them. In a pan- 
cteatic cyst there is either pressure on the gland leading to a generalized 
occlusion of the ducts or an increased absorption of ferments from the 
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3U0 and 1,200 units of amylase or from sixty to 250 times the concentra- 
tion in normal blood. The inflammatory process in chronic pancreatitis 
probably leads to obstruction of tlie smaller ducts by scar tissue. Inter- 
lobular and interacinar fibrosis of this kind has been described by Opie=> 
and others. Experimentally we have observed this same histologic 
chang'e in the panel eas of dogs intubated for the collection of pancreatic 
juice whenever the secretion became infected. Although no obstruc- 
tion could be found at autopsy, the fiow of pancreatic juice diminished 
markedl}' and an increase in the blood amylase was demonstrable in each 
case. If, however, the fibrosis progresses to completion so that all the 
acini are replaced with fibrous tissue, one would expect a diminution in 
the blood am 3 dase. This is probably the explanation of the low value 
in case 29. In certain cases, pancreatic acini may become replaced by 
fat, the so-called lipomatosis of the pancreas as described by Balo and 
Ballon.^® In this event a similar lowering of the ferment in the blood 
might occur, thus explaining the enlarged soft pancreas in case 9. Only 
by histologic examination, however, could such a correlation be really 
established. In acute pancreatitis there is an abnormal absorption of 
ferments into the blood because of acute inflammatory changes and 
tryptic digestion of the walls of the ducts, so that the secretion instead of 
flowing on into the duodenum makes its way into the surrounding tissues 
and into the blood and lymphatics. 

Disease of the pancreas may thus affect the concentration of blood 
amylase in two opposite directions; By obstruction of the outflow of 
pancreatic juice, there is an increased resorption of ferments into the 
blood; by atrophy of the acini there is a lowering of the normal resorp- 
tion due to a lowered ferment production. In the former case the blood 
amylase is high, in the latter low. In a case of progressive obstruction 
leading to atrophy it is easy to see that a point would be reached when 
the blood amylase would be neither high nor low ; that is, it would be 
“normal.” A mechanism of this kind probably explains the normal 
observations on blood amylase in cases 32 and 33 in which marked 
disease of the pancreas was found at autopsy. In case 33 the first deter- 
mination was slightly elevated (7.5 units) ; a second one three weeks 
later was normal (5). It is probable that had the patient lived, the 
amylase value would have become subnormal, since on section the gland 
appeared to be well on the way to atrophy. In case 32 our only deter- 
mination was made two months before death. 

34 . OpieT E. L.: Diseases of the Pancreas, Philadelphia, J. B. Lippincott 
Company, 1911. 

35. Elman, R., and McCaughan, J. M.: J. Exper. Med. 45:561, 1927. 

36. Balo, J., and Ballon, H. C: Surg. Gynec. Obst. 48:1, 1929. 
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The influence of renal insufficiency on blood amylase deserves special 
mention. Some observers have claimed that amylase is retained, along 
with other substances, in cases of nitrogen retention (Stafford and 
Addis, == Meyer and Killian, and Lawis and Mason Some experi- 
mental evidence indicates, on the contrary, that renal activity does not 
influence blood amylase. Thus van de Erve found no change in the 
concentration of blood amylase following (a) ligation of the renal 
arteries, {b) induced polyuria and (c) anuria. In only one of bur cases 
(no. 10) did we have an opportunity of making any observations on 
this problem. The high blood am 3 dase (21 units) remained the same 
after a high nonprotein nitrogen content (120 mg. per hundred cubic 
centimeters) found in the blood on admission had been brought to normal 
limits by forced fluids. At operation a duodenal ulcer perforating into 
the pancreas was found. 

SUMMARY 


The concentration of amylase in adult human plasma was determined 
in sixty patients by means of a new method. Uniform values (from 
4.3 to 6.8 units) were found in a series of twenty-five unselected cases 
in which there was no suspicion of disease of the acini of the pancreas. 
The same “normal” range of values was found in eleven additional cases 
in which the pancreas was actually examined and found to be normal, 
seven of these by palpation at operation and four by microscopic section 
after autopsy. 


Definite deviations from this “normal” range were found in twenty- 
one of twenty-three cases in which disease of the pancreas was found 
either at operation or at autopsy. In most in.stances a moderate or 
marked increase in the blood amylase rvas found (from 7.S to 150 units) ; 
in some a definite decrease occurred (from 0.5 to 3.1 units). The signifi- 
cance of these observations has been pointed out. 

The determination of blood amylase has been of undoubted clinical 
value in a number of cases both in excluding suspected disease of the 
pancreas and in adding conclusive confirmatory evidence when the 
clinical picture was indefinite or vague. Jaundice, per se, has no influence 
on the amylolytic power of human- blood unless disease of the pancreas 
is also present. 


37. Van de Erve, J.: Am. J. Physiol. 29:182, 1911. 



FKACIURES OF THE TRANSVERSE PROCESSES OF 
THE LUMBAR VERTEBRAE 

A REPORT OF THIRTY-THREE CASES * 


PAUL A. QUAINTANCE, M.D. 

LOS ANGELES 


My purpose in this paper is to reemphasize certain points in the 
mechanism, etiology, symptoms and diagnosis of fractures of the trans- 
verse processes of the lumbar vertebrae, and to report observations, 
especially with reference to union and the duration of disability, on a 
series of thirty-three cases seen in industrial practice over a period of 
two 3'ears. 

Little or no mention was made of these fractures in textbooks on 
orthopedics and fractures by Taylor,^ Albee,^ Scudder,^ Roberts and 
Kelly,'* Preston, ° Stimson," Jones and Lovett,^ Cotton ® and Whitman.” 
Speed “ and Floffman “ reported cases that were due to muscular action. 
Rhys,*- Hartwell,*” Davis ** and Bierman *•"’ have written on the diag- 


* Submitted for publication, June 25, 1929. 

* Read before the Los Angeles County Medical Association, May 2, 1929. 

* From the Golden State Hospital. 

1. Taylor, H. L. : Orthopedic Surgery, New York, D. Appleton & Company, 
1909. 

2. Albee, F. H. : Orthopedics and Reconstruction Surgery, Philadelphia, W. 
B. Saunders Company, 1919. 

3. Scudder, C. L. : The Treatment of Fractures, Philadelphia, W. B. Saun- 
ders Company, 1923 and 1926. 

4. Roberts and Kelly; Fractures, Philadelphia, J. B. Lippincott Company, 
1916. 

5. Preston, Miller; Fractures and Dislocations, St. Louis, C. V. Alosby 

Company, 1915. o -r- u- 

6. Stimson, Louis ; On Fractures and Dislocations, Philadelphia, Lea & Febiger, 


1910, p. ISO. ■ 

7. Jones, Sir Robert; and Lovett, R. W.: Orthopedic Surgery, xNew lorR, 

William Wood & Company, 1923, p. 316. „r n 

8. Cotton, „F. J.;. Dislocations- and Joint Fractures, Philadelphia, W. U- 

Saunders & Company, 1924, p. 142. t 

9. Whitman, Royal; Treatise on Orthopedic Surgery, Philadelphia, Lea A 

Febiger, 1927, p. 118. t c RnEJirer 

10. Speed, Kellogg; Fractures and Dislocations, Philadelphia, Lea &. 1 eb g , 

1916, p. 251. ^ J , im 

11. Hoffman; Med. Klin., 1914, vol. 10, quoted by Speed (footnote 10). 

12. Rhys, O. L.: Pseudofracture of Transverse Processes of Lumbar e - 
tebrae, Brit. M. J., May 24, 1923; Healed Fractures of Transverse Processes 
Vertebra, Ibid. 1:873 (May 14) 1927. 
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nosis and etiology of these fractures, considering both direct trauma 
and indirect muscular action and also the simulation of fracture by acces- 
sory lumbar ribs. Kennedy^® reported ten cases and reviewed the 
reported cases from the earliest {that of Ehrlich) in 1908 up to 1927. 

ETIOLOGY 

Knowledge of the embryology, anatomy and physiolog}' of the struc- 
tures of the back aids in determining the mechanism in fracture of the 
transverse processes of the lumbar vertebrae. The transverse and 
articular processes arise from the neural processes immediately behind 
the costal processes. In the lumbar region the latter become parts of 
the vertebrae. One center of ossification for each vertebral arch appears 
about the seventh week (Cunningham ^"). Of the secondary epiph 3 'seal 
centers which appear at puberty there is one at the lateral extremity of 
each transverse process. Fusion of these with the shaft of the bone does 
not occur until the twenty-fifth 3 'ear. 

Anatomically, the transverse processes are slender, and quite thin 
vertically, and point horizontal^ and slightly backward and upward. 
The cancellous bone of their broad bases withstands greater stress than 
the more compact shafts ; hence most fractures occur through the latter. 
The fifth and first processes are less frequently injured because of their 
protected positions. The quadratus lumborum muscles, arising from the 
fixed iliac crest and inserted into the tips of the transverse processes and 
the medial half of the twelfth rib, flex the lumbar spinal column !aterall 3 '' 
and draw the twelfth ribs downward. The longissimus dorsi, multifidi, 
intertransversarii and psoas majori act principally on the pedicles, 
mammillary processes and bodies of the vertebrae. 

How are fractures of the transverse processes produced ? That they 
result from direct violence or blows directly over the processes is self- 
evident. Upward dislocation of the ilium may fracture the fifth process ; 
one case of this kind is reported in this series. That indirect violence 
from muscular action may fracture these processes was not recognized 
b}' Stimson ® and was questioned b 3 ’' Rh 3 ’^s,^' who regarded these sepa- 
rated transverse processes as developmental anomalies. Though he 
reported many cases with fractures unilaterall 3 ’^ and bilaterall 3 q he did 
not think that “strain distinct from direct violence can fracture these 

13. Hartwell, J. B.: Colorado Med. 16:78 (-A-pril) 1919. 

14. Davis, G. G. : Fractures of Transverse Processes of Lumbar Spine, Surg. 
Gyncc. Obst. 33:272 (Sept.) 1921. 

15. Bierman, K. J.t Am. J. Roentgenol. 10:456 (June) 1923. 

16. Kennedy, R. H,: Fracture of Transverse Processes of Lumbar ^'■ertebrae 
Ann. Surg. 85:519 (-April) 1927. 

17. Cunningbam: Text Book of Anatomy, Kew York, Y'illiam Wood & Com- 
pany, 1919, p. KM. 
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processes” and yet he did not see how (nor do I) “an injury (a force 
app led directly) could fracture transverse processes on both sides with- 
out also fracturing the spinous processes.” He believed that consider- 
able direct force was necessary to break a bone protected as these 

processes are and doubted fracture if there were no local external sirns 
of injury. 


Speed/" on the other hand, regarded many of these fractures as 
'caused by forcible contraction of the psoas and quadratus lumborum 
and longissimus dorsi muscles.” He pointed out that fractures occur 
bilaterally and when the person is lifting heavy weights or is subjected to 
sudden strain in the forward flexed position. Nineteen cases due to 
muscular action were cited by him (Lange, Ehrlich, Hoglund, Hoff- 
man Jones and Lovett ‘ and Cotton ® recognized both direct violence 
and indirect muscle strain as causes. Davis believed that in practically 
all of these fractures the mechanism is one of indirect violence by mus- 
cular action. One of Davis’ cases resulted from buckling or jack-knifing 
in a coal slide; there was a downward dislocation of the twelfth rib on 
the side of the fractures, again suggesting muscular action as the cause. 
In another case, fracture of three transverse processes followed an 
attempt to lift a loaded train off a fellow workman. Kennedy “ reported 
ten cases due to direct violence and cited Hoglund’s three cases due to 
indirect muscular action. Two of the latter occurred while the patients 
were riding bicycles; the third while lifting a weight in a stooping atti- 
tude. In my opinion it must be recognized that violent contraction of 
the quadratus lumborum and other muscles of the back, with the thorax 
and pelvis both fixed, can and does result in fracture of one or more 
transverse processes. Separation of an ossific (epiphyseal) center, as 
suggested by Rhys, would not seem phiisible after the twenty-fifth year 
of age. 

In the thirty-three cases reported in this paper, direct external vio- 
lence was responsible for the injury in eighteen instances, direct internal 
violence (ilium) in one and indirect muscular action in two. In two 
cases both direct and indirect violence were considered to have acted. 
In seven cases the mechanism could not be determined, as accurate his 
tories of injury' were not obtained. In two cases the diagnosis of frac 
lure was questionable. 


SYMPTOMS AND DIAGNOSIS 

The most important diagnostic sign is tenderness localized imme 
diatel}' over the injured process. A history' of direct trauma, ecciyniosis 
and marked swelling are valuable when present, but often are absen . 
Backache, pain and stiffness in the back, weakness, muscle spasm an 
limitation in movements of the back usually are present in t lese ra 
times, but occur also in other injuries and diseases of the back, ana 
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hence are of little value in differential diagnosis. Speed mentioned 
abdominal pain and rigidity and also localized pain on voluntarily 
raising the lower extremity while in a supine attitude. The latter test 
is positive also in diseases of the vertebral bodies and intervertebral 
joints and disks, and hence is of little differentiating value. 

Before the use of roentgenograms, fractures of the transverse proc- 
esses never were diagnosed clinically. Now they are not uncommon. 
Anteroposterior (preferably stereoscopic) and lateral roentgenograms 
should be taken in practically er'ery case of alleged injury to the back. 
The)’ determine definitely recent or old injury to the bone, disease of the 
bones or joints and congenital anomalies, and help to eliminate from con- 
sideration certain widely advertised “pinched nerves” and “vertebrae 
out of place" (a phantom of the laity which is assuming serious impor- 
tance in some states in the management of conditions of the back). 
Recent fractures present sharply-defined, ragged, irregular surfaces in 
contradistinction to the smooth, curved surfaces with interposed joint 
space seen in accessory rudimentary ribs. Healing fractures show callus 
as early as the third week. Ununited fractures usually are recognized 
by the displacement or attitude and position of the fragments, and may 
resemble lumbar ribs. Roentgenograms taken at intervals often will 
clear up the diagnosis in questionable cases. Old healed fractures often 
are difficult to recognize. 

PROGNOSIS 

Uncomplicated by other bony injury, fractures of the transverse 
processes usually heal completely with recovery of normal function of 
the back. Bony union usually takes place except where wide displace- 
ment of the fragments has occurred. Surgical removal of a fragment 
has not been found necessary in this series. 

TREATMENT 

Physiologic rest, the duration to depend on the severity of the injury, 
followed by early progressive active and passive motion are indicated. 
External heat in any form is comforting and probably favors the heal- 
ing process. The value of diathermy and other electrical modalities is 
questionable, especially during the early stages of healing. The deep 
location of the transverse processes of the vertebrae and the rapiditv 
with which diathermy diffuses through the tissues and circulating 
mediums (l)lood and lymph) leave a doubt in one’s mind as to its value. 
Sedative diathermy, of course, is contraindicated. Absolute immobili- 
zation such as by plaster jacket or back braces, is believed to be unnec- 
essary and inadvisable. Partial immobilization such as by rest in bed, 
simple strapping with adhesive plaster or a properly fitted corset-belt, 
with the hack in the normal erect attitude should be maintained until 
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few were without symptoms m the back when first seen Several had 
been given the diagnosis of “back strain” and came under my obsena- 
tion because satisfactory progress had not been made. 

. accidents responsible for the fractures were blows or crushing 
injuries in seventeen, or slightly more than half of the cases, while in 
fifteen cases the patients fell from heights of from 2 to 30 feet (61 to 
914 cm.). In one case the history of the accident causing the injiir} to 
the back was overlooked by the examiner, who confined his examina- 
tion solely to an injured lower extremity. 

The attitude of the patient’s body at the time that the injury was 
sustained could not be determined in ten cases. It ivas found to be one 
of flexion in seventeen, or in over half of the series, and of extension 
(erect posture) in only six cases. This is of inteiest when one con- 


Tadlc 2 — Relation of External Jnjmy to the Mechanism of Fracture 



OJaesifleatjoT 


Mechanl^tm 

Xo Ca«e5 Pir Cent 

I>ocaI contagion, 
scnrrmff 

abrasion, gwdiing, ccelijmosis 

or 

Direct 

7 

21 21 

Historj , but no 
lumbar region 

plijsica! signs of trauma to 

the 

Ibobably direct 

14 

1242 

Trauma absent 
(buttocks) 

locally but present ePeirlierc 

Indirect 

2 

60C 

History or pbjsical signs ot evtemal trauma 
rcconletl 

not 

iDdeterminnble 

10 

3030 




Total 

S3 



siders the actual mechanism of the fractures, as illustrated in table 2 
Attention is called to the fact that in only one third of the twenty-one 
cases of fracture resulting clearly from direct violence was there visible 
or palpable evidence, except for local tenderness, of injury to the soft 
tissues overlying the fractures. The absence of these signs is apt to 
lead the careless observer astray in his diagnosis Only two of the 
thirty-three injuries were clearly the result of indirect muscular action 
The regrettably high percentage of cases of indeterminable mechanic is 
due to inadequate histories and observ^ations on the part of the examiners 
who first saw the patients. 

Table 3 shows that the transverse processes of the first and fift 
lumbar v'ertebrae, due to their protected positions, are least liable to 
injury Those of the third vertebra were more frequently injure m 
the series studied. The right side showed a slight preponderance over 
the left in the actual number of processes fractured. That proce 
on both sides were fractured simultaneously in four cases suggests tl 
mechanism of indirect muscular action in a higher percentage o ra 
than is evident from the figures in table 2. In one of these cases, 
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resorption of exudates has occuned and callous formation has begun. 
Passive and active motion should then be instituted and persisted in 
until a maximum return of function has been obtained Light massage 
surrounding but not over the injured tiansverse processes aids both in 
resorption of hemorrhage and in healing. The therapeutic lamp is com- 
f 01 ting to the patient and exei ts a certain psychic effect. 

OBSERVATIONS ON CASES 

The present series consists of thirty-three cases of fracture of the 
transverse processes of the lumbar vertebrae occurring in a total of 
42,634 hospital patients and outpatients, almost without exception indus- 
trially injured and sick. This is an incidence of one in every 1,430 
patients. The ages of the patients studied varied between 18 and 64 
yeais, the average being 37 years. 


Table 1 — Occupational Incidence of Ftaciiae of the Ti ansvei se Pioccsses 
of the Lumbar Veitehiae 


Occupation 

Xo Cases 

Per Cent 

Laborers 

7 

21 21 

Truck drivers 

7 

21 21 

Oil field workers 

4 

12 32 

Carpenters 

s 

00i> 

Ditch diggers 

e 

6 06 

Plumbers . 

2 

606 

SUscctlaneous * 

S 

2124 

Total . 

. ss 

100 00 


* IneludiBR one cncli o£ tlie following occupations teamster, painter, d-urrinilker, eulcan 
iMr, electrician, sliipping clerk, office manager and football plajcr 


The occupational incidence is shown in table 1. That unskilled 
laborers head the list indicates merely that the same factors which make 
unskilled laborers of men also make them the most careless w'orkmcn 
and hence those most liable to injury The equally high incidence in 
truck drivers emphasizes the increasing importance of automotive 
vehicles in industrial activities. Oil-derrick workers, carpenters and 
ditch diggeis are unduly exposed to injury from falling objects or fiom 
falls. 

The interval elapsing between the time of injury and the first obser- 
vation of the patient varied from a few minutes to seventeen vears. Ter 
patients were seen uithin twenty-four hours, nine within four weeks, 
eiglit within six months and six at various times in excess of six months 
after the original injury. In the cases in which the fractures were of 
long standing they were discovered during routine examinations for 
rarions related and unrelated complaints, a fact which emphasizes the 
iiniiortancc of careful and complete examination of every patient. A 
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ever, a severe crashing blow fractured spinous and transverse processes 
of both sides and bodies of the vertebrae as well. 

In the thirty-three cases studied there were twenty-two instances of 
associated injury to the bone. These included five fractured ribs 
usually the twelfth, eight chip or compression fractures of the bodies 
of the lumbar vertebrae, two fractures of spinous processes and seven 
fractures of the pelvic bones, usually the ilium inclusive of one fracture 
of the coccyx. One case was complicated by traumatic spondylolisthesis 
In thirteen cases, over one third of the total numbei, there were from 
slight to advanced hypertrophic changes on the bodies of the vertebrae 


Table 3 Relaltvc Incidence of the Piocesscs Ft aclnrcd* 






Per Cent 

Vertebrae Involved 

'Total 

Right 

left 

Right 

Left ' 

I 

2 

2 

0 



II 

17 

0 

s 

12 00 

10 GO 

in 

27 

15 

12 

20 00 

16 00 

IV 

31 

13 

8 

17 33 

10 GC 

V 

S 

4 

4 

5 33 

5 33 

'Total 

75 

43 

30 : 

5733 

42 50 

•Both sides vero involicd m lour cases 


Table 4 — The Relalton of Displacement to Heahng* 





PjspJnce 


No Displace 


Status 

Fractures Per Cent 

ment 

Per Cent ment 

Per Cent 

Union 

38 

5066 

13 

17 33 

25 

35 S3 

Nonunion 

U 

IS 67 

14 

IS 07 



Prncture too recent for healing 

23 

30 C7 

9 

1200 

14 

IS 67 

'rotal 

75 

100 00 

SO 

48 CO 

39 

5200 


* Gross malalignment ivas obsened in tiio Instances of healing 


The aforementioned evidences of associated injury and disease are of 
interest only so far as they affected the period and extent of disability 
Study of the roentgenograms disclosed interesting facts relative to 
the healing of these fractures as shown in table 4. In every one of the 
fourteen instances of nonunion, wide displacement of the separated fra,, 
ment had occurred Union had taken place, however, in 50 per cent of 
the fractured processes, even though displacement had occurred in 
approximately one third of these In 30 per cent of the fractures, 
insufficient time had elapsed for healing to occur. The presence of hony 
union and nonunion in the same patient was observed repeated}', 
ruling out constitutional deterrents to healing In two instances 
healing occurred, although there was gross angulation of the separate 
processes. 
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DISABILITY 

The disability is the primary consideration of the patient and, in 
these days of medical and surgical compensation of the employer and 
the insurance carrier as well. It is also the major interest of the phy- 
sician, since it is the most accurate measure of functional recovery of 
the injured parts. Thomas, “ in seventeen uncomplicated cases of frac- 
tured transverse processes, reported a permanent disability of from 30 
to 40 per cent, which seems high. Skillern found ablation of a frac- 
tured process and massive callus necessary for relief from pain after 
live months of disability, and noted immediate relief with return to 
work after two months. 

In the present series of thirty-three cases the period of disability was 
greatly prolonged in nine patients who sustained associated fractures 
of bodies of the vertebrae, pelvic bones or bones of the extremities. 

Table 5. — The Average Number of Processes Fioctiiied and the Period of 
Disabditv in Ttucniy-four Cases Without Olhei Injury to the Bone 


Period ol Disability • 

Age, Tears 

Xo ot Cases 

Average Xumber 
ot Processes 

0-1 montli 

18-60 

5 

18 

1-2 months 

20-^ 

3 

‘^0 

2-3 months 

22-61 

C 

23 

4 0 months . 

31-44 

4 

25 

G months anO over 

30-39 

4 

2 23t 


•The TOlnltnum disability nas 0 (3 cases) and llie inaMmum disability 7 months 
(3 cases) 

t Separation ot the lumbar rib in one case 

The few instances of permanent disability occurred in this group. In 
the remaining twenty-four cases of uncomplicated fracture of the trans- 
verse processes the temporary disability ranged from zero in three cases 
to sliglitiy more than seven months in three other cases. The relation 
of age and the number of processes fractured to the period of disability 
is shown in table 5. In the patients with actual disability for less than 
one month the ages ran from IS to 60 years, whereas in those disabled 
from six to seven and one-half months, the ages varied between 30 and 
39 years. This indicates that age is a negligible factor in disability, at 
least in this series. The average age of the patients was 37 years. Two 
thirds of the patients are seen to have had a disability of less than three 
months, with the period from two to three months claiming slightly the 
larger number. It should be stated that the period of disability in every 

18. ThoiTia<;, A.: Spinnl Fractures, Colorado Med 25:19 (Jan.) 1928. 

19. Skiilcrn, P. G, Jr.: Ununited Fracture of Transverse Process of Fifth 
Lijiiibar \ ertebra, \\ith Massive Callus, S. Clin. Kortli America 2:283 (Feb.) 1922. 
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case has been reckoned from the date of injury to the hme when the 
patient actually returned to and was able to continue his regular work- 
in seven instances the patients were doing light forms of irork for 
periods ranging from three weeks to five months prior to the actual 
discontinuation of temporary disability. In other words they had a 
partial disability, with compensation adjusted accordingly unfil they 
were able to resume their regular work. The period of disability is 
seen to increase in approximately the same ratio as the number of proc- 
esses fractured. 


The effect on the period of temporary disability of factors otlier 
than the extent of the injuries is of both academic and practical interest. 
For example, one patient continued with his work for four weeks after 
his injury ; then, on learning that he had sustained a fracture, he was 
disabled for the same type of work for a further period of four weeks 


Table 6 — Disabilities in Twetify-fotn Poficnis with no Other Injuty, lYlw 
Received Ainbiilatoiy Treatment and IVeic Allowed to Rest in Bed 


Duration of 


Average No 

Average 

Tspe of Ireatment 

Trontment, 


of Processes 

Disability, 

Weeb's 

No of Cases 

Practiircd 

Wcebs 

Ambulatory . . 


D 

200 

45 

1 

r Under 1 

S 

200 

10 0 

170 


1 to 2 

8 

138 


2 to 3 

4 

2 50 

ICS 

Best in bed j 

[ 3 to 4 

3 

26G 

23 0 


M to 5 

1 

800 

ISO 

Undetermined 


1* 




* Ho data m historj'. 


Another patient alleged persisting disability in the absence of physical 
signs; at the end of four months he confided in the examiner to the 
extent of offering $50 for a surgeon’s report so executed as to secure 
a permanent indemnity for disability through a personal accident policy 
that he had carried for several years. When at attempt was made by 
the examiner to have this patient sign an agreement to that effect, his 
alleged disability immediately ceased and he has not been heard from 
since. Still another patient, -who sustained his injury during a football 
game, finished the game and resumed his usual work the following da}- 
complaining only of a ’’sore back’ for a few days. His fracture uas 
discovered by the examiner several months later during an examination 
for a subsequent injury. Complicating osteo-artiirifis ivas felt to have 
prolonged somewhat the period of temporary disability in a few cases. 

In table 6 is given a comparison of the periods of disability m 
patients who had ambulatory treatment only and in those who had 
rest in bed for various periods preceding the ambulator)' treatment. In 
the Uventy-f our uncomplicated cases of fracture of the transverse proc- 
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esses, nine, or slightly more than one third of the patients, were treated 
by the ambulator}' method alone, that is, by partial immobilization, phys- 
iotherapy and relative rest of the muscles of the back. Their average 
temporary disability was four and one-half w'eeks, and the average 
number of processes fractured was two. Though not indicated in the 
talde these fractures presented little or no displacement of fragments, a 
factor that I believe has a direct bearing on the rapidity of healing and, 
hence, on the duration of temporary disability. The patients requiring 
increasing periods of rest in bed show a relatively larger number of 
transverse processes fractured and a cori'esponding increase in the 
duration of temporary disability. In Kennedy’s series of ten cases 
the period of hospitalization ranged from two to thirty-two days. In 
my fifteen patients with uncomplicated fractures who required hospital- 
ization. the actual stay in the hospital varied from three to thirty-five 
days, the average period being seventeen days. 

REPORTS OF CASES 

Case 1. — C. E. M., a pipe fitter, aged 50, sustained a crushing injury in the 
lumbosacral region in January, 1911. While he was on his hands and knees the 
corner of a two-story bunkhouse fell on him. He was immediately disabled, walked 
with crutches for five years and did no work for ten years. During the last si.K 
years he has worked steadily as a fitter Roentgenograms (fig. 1) sixteen years 
later showed a fracture of all the transverse processes on the right side and of 
three on the left, fracture of the twelfth rib on the right and compression fracture 
of the body of the fifth lumbar vertebra. The fractured fragments were widely 
displaced (a ma.ximum distance of 5 cm.) from the parent bones, e.xcept for those 
of the fourth and fifth transverse processes which had united. The distal end of 
the fractured twelfth rib lay in an inverted position in the soft tissues, 4 cm. below 
its parent bone. The prolonged disability in this case was due chiefly to the com- 
pression fracture of the body of the fifth lumbar vertebra. The case illustrates the 
point that surgical removal of ununited displaced fragments is not indicated unless 
they are causing symptoms of pressure. 

Case 2. — A. E. M., a carpenter, aged 38, on May 11, 1927, while stooping over, 
was struck in the left lumbar region by two falling scantlings. There was an 
abrasion contusion and exquisite tenderness over the left upper lumbar regions. 
Roentgenograms (fig. 2A) showed fracture of the left transverse processes of the 
second and third lumbar vertebrae with slight lateral displacement of the third. 
3 his patient still complained of aching pain in and stiffness of his back seven 
montiis after the injury, although x-ray pictures at four and a half months 
(fig. 2B) showed healing in good position. 

C.t.sr. 3. — L. I. McG., an oil driller, aged 44, on Aug. 16. 1927, was struck in 
the left lunib.rr region by a timber, 2 inches by 8 inches by 12 feet (5 by 20 by 
.'6.S cm,), which toppled over from a vertical position. He was faint and felt 
immediate pain. He remained in bed at home for one week, and then consulted 
a plusician who, after what must have been a very superficial examination, diag- 
nosed the condition an “injury to the back” and prescribed pbysiotberapy. Massage 
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continued to be so painful after four weeks that x-ray pictures were taken (fig. 
3A). They showed fracture of the left transverse processes of the third and 
fourth lumbar vertebrae with good callus and good position At three months 
(fig. 3B) union was complete. The patient continued to complain of pain in the 
back and disability in the absence of substantiating phjsical signs. It de\ eloped 
that he was maliciously alleging disability in the hope that he might secure 
indemnity from a personal accident policy. Exposure of his attempt to bribe the 



1 “S' rrrSSoS- 

three on the left; fracture of the right 
the body of the fifth lumbar vertebra 

cL 4.-TO. c... ;!« 

violence (muscular action). • - foot slipped 



Fig. 2 (case 2).— A, fracture of the left transverse processes of the second 
and third lumbar vertebrae, with slight lateral displacement of the third; B, appear- 
ance of fractures four and a half months later, sliowing healing in good position. 



Fig. 3 (case 3). — A. fracture of the left transverse processes of the third 
and fourth lumbar vertebrae, with good callus and good position, four weeks after 
injur}- occurred; B, complete union after three months. 
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He stated definitely that he did not strike i, .-i , . 

regaining his feet and straightening up he had oain ' r ^ 
tbe right hip. He continued his deierie b„ “ 

“sharp cateh-iikc pains- in the right lu.blr region /rr/h™": 

a iZlTback'' 

for lour da Wk f ^he patient remained in bed 

e eV f sacrospinalis nras- 

, f J, hendmg, torsion and forward bending were painful and 
restricted. There was no external sign of injury on the skin of the lumbar region, 



Fig. 4 (case 4). — Fracture of the right transverse process of the third hinibar 
vertebra due to muscular action. 


but an area of tender cutaneous eccfiymosis was found in the right gfuieai fold. 
Roentgenograms (fig. 4) revealed a fracture of the right transverse process of 
the third lumbar vertebra. Temporary disability lasted for four weeks. 

Case 5. — A. L. G., a truck driver, aged 31, on March 12, 1928, while stooping, 
was struck in the right lumbar region by a 25 pound (11.3 Kg.) cast iron hoist 
weight. Pain and disability were noted immediately. For one day there ucre 
stinging shooting pains doivn the right thigli and leg, associated with numbness. 
Examination revealed an abrasion contusion in the right midlumbar region with 
tenderness in the lower lumbar region and spasm of the right sacropinalis muscles. 
Bending of the back was restricted and painful. Roentgenograms on the day ol 
injury (6g. SA) revealed fracture of the right transverse processes of the thud, 
fourth and fifth lumbar vertebrae with a maximum lateral displacement of In cm. 




Fig. 5 (case S).—A, fracture of the right transverse processes of the third, 
fourth and fifth lumbar vertebrae; B, appearance of the fractures at two months, 
showing union of the fifth process, good callus on the third, and nonunion of the 
fourth process with slight callus and displacement. 



1 ig 6 (c.rse 6) — fmeutre of the articular processes of the fourtli and 
1 1 1 , "111 aiitinor dispbiccmcnt of the fourth lumbar rertebrae; B, complete 
reduction of the aiUenor dislocation. 
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.i4. 'cLTz ris'Zr “fc™z f ® 

Case 6.-11. G., a Mexican laborer, aged 29 on Tan in io 7 o . , 

"z?3■,f.^.:zzrc Sfitzrr »» “5"»” 

tambar a.rf risht pelvic regi„,„ and te of <enofcr.ZLo‘!-Zr''.' w' 



Fig. 7 (case 6). — Anteroposterior view, at the eighth week, showing litlle 
improvement in the lateral displacement. 


lower extremities were iinmediate. Examination revealed severe contusion ccchj 
moses over the right hip, flank and lumbar regions with group paral>ses and 
anesfhesiae inv'olving both lower extremities, especially the right. VoluntaO 
control of both feet was lacking. Lateral roentgenograms (fig. 6A) taken on the 
day of the injury, showed fracture of the articular processes of the fourth an 
fifth with anterior displacement of the fourth lumbar vertebra equal to almost t le 
diameter of its body. Under ether anesthesia, Dr. Her^ikolf, who has 
report of this case, was able to reduce the anterior dislocation completely (fig 
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although the lateral displacement was not materially improved, as is seen in the 
anteroposterior x-ray picture taken at the eighth week {fig. 7). This roentgeno- 
gram shows well the fractures of the right first, second, third and fourth and left 
third, fourth and fifth transverse processes, as well as the fractured articular 
processes. At the eleventh week the patient had regained almost normal sensation 
and moderate motor power in all muscles except those controlling the right foot. 

The following case illustrates fracture of the transverse processes 
by muscular action. 



hig. 8. — .-Intcropostcrior view of oblique fractures of the right, second, third 
.and foiirih transverse processes and fracture of the right eleventh rib, at its angle 


Casu 7.--G. R. white, an electrician, aged 34, on April 8, 1929, fell 
backward eight feet {2-i3 cm,), aligliting on the right hip, scapular regions and 
head on a smooth concrete floor. He definitely stated that there were no pro- 
jections nr loose objects on the floor. He had immediate and persistent pain 
t ironghotil the right lumbar and lower dorsal regions but no ecebjunosis or other 
cNternal sieiis of injury cither then or during the ensuing days. An anteroposterior 
rotiiiginogmm (fig. gl. taken three uccks after the accident, revealed oblique 
rncturLS of the right second, third and fourth transverse processes and fracture 
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of the right eleventh rib at its angle, with no definite evidence of callus. He was 
still in bed three weeks after the injury occurred and the area over the fractured 
bones was tender. 


summary 

1. The literature for the last fifteen years on fracture of the trans- 
rerse processes of thz lumbar vertebrae has been reviewed. 

2. Most writers recognize that these fractures result from both direct 
external violence and indirect internal violence (muscular action) ; a 
few deny that these fractures can result from indirect violence. 

3. Thirty-three cases are reported, in two of which fracture 
undoubtedly resulted from indirect muscular action. In 42 per cent 
of the cases of this series, fracture unquestionably was due to direct 
external violence. 

4. The transverse processes of the second, third and fourth lumbar 
vertebrae constituted 85 per cent of the total number of fractures in 
this series. Fracture occurred bilaterally in the same patient in four 
instances, 

5. The patient’s bod)' was in an attitude of acute flexion in slightly 
more than 50 per cent of the cases at the time that the fractures were 
sustained. 

6. In nine (27 per cent) of the thirty-three cases, associated frac- 
tures of the pelvic bones, the bodies of the lumbar vertebrae or the 
ribs occurred. Hffertropbic arthritis rvas present in thirteen (39 per 
cent) of the patients. 

7. Of the seventy-five instances of fracture of the transverse proc- 
esses, nonunion resulted in fourteen (or 18 per cent). In ever}' 
instance of nonunion, the fragments were widely displaced. 

8. Temporary disability in the twenty-five cases uncomplicated by 
other fractures lasted, on the average, slightly more than ten weeks. 
The minimum period of disability was zero, and the maximum slightly 
more than seven months. None of these patients was permanently dis- 
abled and in none was resection of the fractured processes found to be 
necessary. 

CONCLUSIONS 

1. Fractures of the transverse processes of the lumbar vertebrae 
result from both direct external violence and indirect internal violence 
(muscular action). 
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2. Failure to appreciate this fact, to examine patients carefully and 
to take roentgenograms results in frequent error in diagnosis. 

3. Nonunion usually is the result of displacement of the fractured 
fragments. 

4. The duration of disability often is influenced as much by psychic 
and personality factors and by the provisions of state compensation laws 
as by the severity of the injury itself, as indicated by physical examina- 
tion and roentgen observations. 



GROSS AND MICROSCOPIC STRUCTURE OF THE 
THYROID GLAND IN MAN ^ 


WILLIAJI FRANCIS RIENHOFF, Jr., 

BALTIMORE 

Numerous investigations concerning the structure of the thyroid 
gland have been made in the past, but these, for the most part, have 
dealt with the morphology of the follicles, about which there still 
seems to be marked differences of opinion. It is my purpose in this 
report to present the results of a study of the normal human th}’roid 
and also of the gland in cases of exophthalmic goiter from the stand- 
point not onl}^ of the individual follicles, but also of the structure of 
the gland as a whole and of the various subdivisions or units into 
which the thyroid is divided. 

That the follicle of the thyroid represents the ultimate histologic 
unit of the gland is now conceded b)' all investigators, but in the 
intensity of the researches concerning the shape and size of these 
follicles and their discontinuity, its morphologic structure as a whole, 
and the manner in which this glandular mass is again subdivided into 
larger regions or areas composed of many follicles, has not been 
described. Heretofore, only very small areas of the gland have been 
studied by means of the wax plate reconstruction method, with the 
result that the morphology of only a few follicles has been determined. 
These investigations will be referred to later. In this study not only 
was the wax plate reconstruction used to investigate a larger area of 
thyroid tissue than had heretofore been reconstructed in wax, but 
the method of maceration and microdissection was also emplo 3 'ed. 

utilizing this larger area of the thyroid reconstructed by the wax 
plate method, I have been enabled to visualize the actual spatial rela- 
tionship not only of the individual follicles, but also of the various 
regions, and to determine the presence or absence of a true lobulation 
of the gland. Reference was continuallv made to the stained sections 
during the process of transference to the wax plates of the tracing.s 
of the photographs made of them, in order that all epithelial elements 
would be included and the existence of interacinar cell rests, fetal or 
adult, might be determined. Serial sections of 10 and 20 microns, 
respectively, in thickness were studied for this purpose. No evidence 
of the presence of undifferentiated epithelium between the acini or 

* Submitted for publication. May 13, 1929, 

'*'From tbe CarncRie Institute of Washington, Department of Fmbrjology, 
and the Department of Surgery, Johns Hopkins University. 
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lollicks coiM be diseovered in any of the seetiona No epithelinm, 
csecnl that nliieh is completely differentiated, and also which presents 
ihe arrangement of the normal parenchyma of the thyroid, exists m the 
adult gland. There is a great variation in the size of the individual 
toUkles, and altliough there are in the normal gland many small ones 
in which a lumen is scarcely visible, nevertheless, from the histologic 
point of view, these smaller follicles are just as much and just as 
important a portion of the parenchyma of the gland as the larger 
follicles. It was evident, after examining the stained serial sections 
in conjunction with constant reference to the wax model, that small 
clnster.s of epithelial cells not arranged in acinar formation which 
apparently lay between various follicles, the latter having been cut in 
dial particular section through their maximum diameter, were merel)^ 
(he liegiiiiiing of other follicles situated in the gland and also in the 
model at different levels. A tangential section through the dome of 
a spheroid-shaped follicle or the end of a tubule-shaped one, which 
does not expose the lumen of the follicle, gives the impression of a 
group of interacinar cells which have not assumed the form and 
arrangement of an adult follicle or the remainder of the parenchyma 
of the tluToid. This, however, is an illusion and no evidence of any 
inlerfolliciilar fetal cell rests or clusters of differentiated epithelium, 
which were not a portion of the parenchyma, was demonstrable. 
The presence of many small follicles interspersed throughout the 
gland between the larger ones was also of interest. From the small 
size of the lumen in these follicles it might be suggested that they 
were probably not functioning to so great an extent, if at all, as the 
larger ones, and that they formed as it were a sort of a reserve supply. 
(Dr. Bensley ^ suggested that no gland functions equally throughout 
its entirely when stimulated, so that one should not expect all the 
follicles to be of the same size or to contain the same amount of 
colloid.) Tile noticeable reduction in number of these smaller follicles 
in the jiatliologic tlpToicl associated with exophthalmic goiter was 
striking and would seem to suggest that these small follicles of thyroid 
epitheliuin arc capable of enlarging when called into action. The wax 
model demonstrated the diversity in size and the variability in shape 


inner margin of the epithelial lining of the follicles, and there- 


of the 

foil, the infernal form, with their relative position, but the structure 
"h V r ^ morphology of the regions into which the 

Ti-'t'" mid the true external form of the follicles could be 

ermmed only from the dissected specimens. 

In iwnnPtf'i normal human thyroid and the thyroid 

^Noiihthahnic goiter were reconstructed in wax than ever hkre 

• Tcrsonnl communication to the aullior. 
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described, still the small block of gland sectioned was inadequate to 
determine the morphology of the gland as a whole, the structure of 
the various subdivisions or units into which the thj-roid is divided 
and the true external form of the follicles. The wax reconstruction 
of the thyroid in exophthalmic goiter, as already stated, showed an 
enormous increase in the size of the follicles, and indentations in the 
models of these follicles bore witness to the papillomatous infoldings 
of the epithelium. However, the small follicles which have been 
observed, in stained sections of the gland in exophthalmic goiter, to 
have been situated in a position peripheral to that of the larger follicles 
were shown both by the wax plate reconstruction and more strikingly 
by the maceration and jnicrodissection to be entirelj"^ discontinuous 
from the larger follicles. The small ones were distinct individual 
follicles and not, as has been suggested, pseudopodial outpouchings 
of the epithelial wall of the large follicle. The follicles, both large 
and small, have a smooth external epithelial wall. The only papillo- 
matous or pseudopodial irregularities are those observed inside into 
the lumen of the follicle. The true external form of the follicle was 
brought out by the maceration and dissection technic, whereas the 
internal shape or cast of the inside of the follicle was shown better 
by the wax models. By employing maceration and microdissection, 
it was possible to demonstrate that the main mass of thyroid gland is 
divided and subdivided into man}' connecting or annectent bars, bands 
and plates of parenchyma, which in turn are composed of individual, 
discrete and discontinuous follicles. There are no distinct and true 
lobules in the thyroid, and it is incorrect to speak of it as a lobulated 
gland. These plates, bands and bars of parenchyma are separated by 
clefts and spaces normally filled with tissue of mesenchymal origin, 
such as blood vessels, connective tissue, lymphatics and nerves. They 
vary markedly in shape and size, the gland being irregularly broken 
up by the clefts and open spaces rvhich form by their connections a 
fenestrated labyrinth in the gland mass. These bars, bands and plates 
are always connected one with another, and no isolated regions of 
parenchyma completely surrounded by connective tissue were observed. 
The presence of an area of parenchyma in a stained serial section 
which seemed to be completely surrounded and isolated by connective 
tissue was proved to be an illusion. Such an area was reconstructed 
in the exophthalmic gland and will be described later in this paper. 
The parenchyma on the anterolateral surface was disposed in rather 
flat platelike regions with, of course, connecting bars and branches of 
tissue associating these areas with contiguous parenchymatous areas 
of the inner zones of the gland. In general, the surfaces of these 
plates were convex and parallel to the surface of the lobe. The surface 
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•uKl long diameter of the plates, annectent bars and band^s were usually 
parallel to the long axis of the body, and therefore to the greater axis 
of the entire lobe. The anastomosing system of clefts and open spaces, 
which were previously hUed with mesenchyme, were also rougWy 
parallel to the long axis of the lateral lobe. The follicles were dis- 
continuous and individual structures not connecting with each othen 
The shapes vary from a perfect sphere to a long narrow tube with 
almost all conceivaiile types of intervening shapes. Their size ranged 
from 0.02 to 0.897 mm. 

MATERIALS AND METHODS 

In t)iis study of the morphology of the normal thyroid and the gland in 
exophthalmic goiter, two methods were employed: (1) the wax plate reconstruc- 
tion and (2) maceration and microdissection. 

The normal thyroid tissue used in this study was obtained from the pathologic 
laiioratory of the Johns Hopkins Hospital. The tissue was carefully chosen from 
ten young adults rvho had succumbed to maladies which would not have affected 
the tiiyroid gland, or to postoperative deaths and accidents. The localities in 
whicli the subject was born, raised and was living were taken into consideration 
•SO as to eliminate tbe possibility of a patient having resided in a goitrous district. 
All of these patients were inhabitants of parts of the state of Maryland situated 
at or very near sea level. 

Tltc thyroid glands from eight patients with exophthalmic goiter were obtained 
from persons operated on by me, so that the clinical history, physical signs, 
preoperalive treatment, operative observations and handling of the thyroid tissue 
after operation were known at first hand. Hence there remains no doubt that 
the patients from whom the glands were removed were suffering from typical 
and extreme cases of primary exophthalmic goiter. In the case from which the 
wax reconstruction was made, and from which part of the dissection is also 
shown, no iodine had been used as a preoperative measure, and so far as could be 
ascertained no iodine or goiter remedies in an}' form had ever been given to the 
patient. The case was a clinically typical one of exophthalmic goiter with a basal 
metabolism rate of plus 92. There were vascular thrills and bruits at the poles. 
A preliminary partial lobectomy was performed to secure thyroid tissue from a 
typical case of exophthalmic goiter which had been histologically unaffected with 
iodine. After the preliminary partial lobectomy had been done, the patient was 
treated with a compound solution of iodine in the usual manner and a later sub- 
total inlateral lobectomy was followed by complete recovery. The tissue removed 
at the preliminary partial lobectomy was used for both the wax plate reconstruc- 
and the dissection described and shown in this report. A comparison between 
e \\o reconstructions before and after the administration of iodine will be made 
n a atcr paper. In the remaining seven cases of exophthalmic goiter, iodine was 
do'!a'!. ° «sed over a very short period. The 

lion Ll'lnc !? ® With tbe excep- 

Tlie avf-rno received no iodine before admission to the hospital 

im a%craRc basal metabolism ' 


the tisMie removed fVr' ft' ^ 

"umioned ioilowinu il"- ^ ^ exophthalmic goiter already 

(1 : KA f,;r several .non'tV’^”^”"/" r formaldehyde U. S. P. 

s. \zch of these blocks was then dehydrated in 50, 


rate was slightly above plus 60. 
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60, 70, SO and 95 per cent solutions of alcohol for twenty-four hours, Tliey were 
then placed in absolute alcohol for twentj'-four hours, changes being made to a 
new solution twice during that time. Following this, they were subjected to a 
solution of absolute alcohol and ether for another twenty-four hours. The blocks 
were then placed in 2, 6, 8, 10, 12 and 14 per cent solutions of celloidin for 
twenty-four hours each. They were then embedded on separate blocks and hard- 
ened in chloroform, after which they were kept in equal parts of 85 per cent 
alcohol and glycerin. Sections were cut of both blocks serially at a thickness 
of 20 microns, after which they were stained with hemato-xylin and eosin. Other 
blocks 4 mm. square were similarly treated and cut serially in sections of 10 
microns in thickness. The series of sections 20 microns in thickness, however, 
were used for the wa.-c plate reconstructions described in this report, not only for 
the normal gland but also for that of the gland from the case of e.\ophthalmic 
goiter. The stained sections were mounted serially on slides in groups of thirty 
sections to each slide. Five slides were used, totalling 150 sections. These slides 
were then photographed on Eastman’s bromide paper, 11 by 14 inches (27,9 by 
35.5 cm.), being projected at a magnification of 75 times. Many c.xposures- were 
made, and finally the exposure which brought out the finest detail was found 
to be that of si.x seconds. The bromide plates were at once developed, dried and 
compared with the stained sections for microscopic detail. This checking of each 
bromide plate was made to guard against the possibility of losing some detail due 
to either the necessity of changing the e.xposure because of heavier or deeper 
staining of any given section or, on the other hand, to the freshness or stalencss 
of the developing solutions. Sometimes insufficient washing would brown the 
bromide paper to such an e.xtent that another exposure would have to be made 
to avoid losing some of the microscopic detail. The thickness of the section being 
20 microns, times the linear magnification of 75, results in 1,500 microns, or 1.5 
mm., which equals the desired thickness of a wax plate required to give the proper 
depth at a magnification of 75 times. Wax plates of the thickness of 1.5 mm. 
were then molded and cut 19.6 cm. square. These plates were cut accurately at 
right angles so that when piled one on the other they formed a perfect cube. As 
shown in figure 1, another geometrically accurate right angle was formed by 
strips of pasteboard held in place by thumb-tacks on a drawing board covered with 
smooth paper. The edge of the bromide plate, as shown, was set inside the 
pasteboard right angle and the edge of the section which corresponded to the 
e.xposed portion of the plate was made equidistant on two sides by means of a 1 
cm. isinglass ruler. This eliminated the error of slight distortion due to the 
section being exposed somewhat unevenly as regards the edge of the bromide 
plate. The plate was tlien fastened down on the top of a piece of tracing paper 
which in turn la.v on a 1.5 ram. wax plate. By the use of a right angle shown 
in figure 2, two straight lines were drawn across the board, later across the 
bromide plate, and were then traced on the wax beneath. These lines cut each 
other at right angles near the center of the plate and formed lines of orientation 
for the later stacking of the wax plates. Two small nails or pins were driven info 
the drawing board on these lines at the extremities of the orientation lines so that 
the right angle ruler could be replaced each time with accuracy. Each bromide 
plate and its underlying wax plate were so marked through the entire scries of 
both the normal and the pathologic thyroid sections. After the lines of orienta- 
tion on the bromide paper and the underlying wax plate had been marked, the 
inner margin of the epithelial lining of each follicle was traced with the utmost 
care and thus transferred by means of the carbon paper to the wax plate beneath. 
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All epithelial cells in groups or clusters were traced in a similar manner regard- 
less of whether or not a lumen was present If only a few cells were evident, 
merely a solid mark, proportionate in size, was made. In the tracings, the out- 
lines of the larger bands of connective tissue were also made in order to bring 
out in the model the ramifying tendency of these bands. The figures shown are 
actual photographs of the method reduced 5.75 times, and it is evident that the 
definition of the follicles in an unreduced 11 by 14 film would be much greater. 
The tracing was done with a steel stilet ground to a very smooth and pointed tip, 
so that greater detail could be obtained. Constant reference to the original stained 
section was made in order to be certain of the presence of all epithelial structures. 
Owing to these precautions, no groups of epithelial cells were omitted because not 
only was the bromide paper film checked with the stained section under the 
microscope, but the tracing on the wax plate was also corrected by comparing it 



thalmfc enitrr ' ”” bromide plate of a microscopic section from exoph- 
I'cncath the bm covered by carbon tracing paper placed 
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of the wax plate where the knife would split tlie traced line denoting the epithelial 
lining. A perpendicular cut was always attempted, to avoid the distortion of 
the positive model that would result from a slanting cut. The burr formation 
caused the w'ax to protrude slightly above the surface of the plate in general. 
The wax plate was then turned face down on the plate glass and a roller run 
over It, which exerted a certain amount of pressure on the entire plate, but more 
on the burrs which coincided -with the carbon lines of the traced epithelial lining 
and the cut out portions. The glass plate having been carefully cleansed, it was 
immediately marked with the carbon lines outlining the follicles, and due to the 
wax burrs the cut out pieces became fastened to the glass so that the wax plate 
Itself could be lifted away leaving the cut out portions adherent to the plate and 
in their correct position relative to one another. To meet these requirements the 
glass plate must be absolutelv drj' and cold It will invariabl}’ happen that some 



Fig 2 — Right angle rule for drawing lines of orientation on a bromide film 
which also marks the wa.x plate beneath The ruler is held in place not only by 
Its right angle but as shown in the photograph by the nails at the extremities of 
the lines of orientation Reduced to X 14 from X 


small pinpoint pieces of cut out wax, representing a few epithelial cells, will be 
moved out of place, but the mark on the glass where it originally impinged is 
usuallj sufficiently evident to replace the small piece accuratel}. In order that all 
cut out portions shall be absolutely true in their original position and especially 
with the relation to one another, the wax plate from which the pieces were removed 
IS placed underneath the thin glass plate on which the cut out portions have become 
fastened, and these excised pieces arc readjusted exactly over the area from which 
the) bale been cut out. Thei are firmly pressed down on the glass and then 
wired together hi dropping a short piece of heated copper wire (no 2) oier each 
piece (fig 6) If any piece', haic been lost, displaced or remain iindislodged in 
the plate, thei can be detected readily and can be replaced by retracing one 
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foilidc on a separate piece of wax. The network of disconnected pieces of wax 
wired together is then removed from the glass without distortion by passing a 
warmed spatula between the pieces and the glass. Again a comparison between tlie 
positive and the negative wax follicles can be made. The positive is then placed 
on marked cardboard squares to preserve its identity and prevent it from warping 
because of its weight. Each section was thus magnified 75 times and transferred 
to a positive wax plate formed by wiring the individual pieces together, and to a 
negative wax plate formed by cutting out the pieces representing the lumen of 
the follicle. These plates were then piled on one another by their orientation 
lines serving as a guide so that no axial distortion of the model might occur, and 
the exact spatial relation of the follicles was maintained. The size and shape of 
the inside of the follicles were shown. The course of the fibrous septums was 
also brought out. After the piling of the plates was finished, as many as possible 



Tig. 3. Negative wax plate of one section of the normal thyroid gland from 
wind, the inner lining of the traced epithelial follicles have been cut out. This 
area represenis the group of follicles of one section of the series of microscopic 
eI-„l,rTi positives of which made up the wax model of the normal thyroid 
from V 7? ’O'"- Reduced to X 18 


were fused to-^etherTri “ odges of the casts of the inside of the follicles 
•'.-unc technic was useT’’^ smoothed off with an electrically heated needle. The 
from the «se of the gland 

the models before and aft R^oloS^aphs and drawings were made of 

As ahead/, . , . . ‘ completion (figs. 23 to 32). 

"hole and the units' oTr’ea" i*-'*'*^ morphology of the gland as a 

form of the follicles the metToVT external 

Rresh glands, both 'normal and microdissection was employed. 

normal and those from cases of exophthalmic goiter, avere 
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placed in a macerating fluid which was first used by Siehler and later modified 
by Heuser.^ That glandular epithelium becomes sharply delineated and connective 
tissue more transparent and swollen by acetic acid has long been known. The 
solution used by Siehler for macerating muscle and by Heuser“ in his suidy of 
the uterine glands of the pig contained 5 per cent glacial acetic acid, 12 per cent 
glycerin, 1 per cent chloral hydrate and a diluted solution of formaldehyde 
U. S P. (1 10), in an aqueous solution. This was employed in the present study. 
The thyroid tissue was fi.ved in this solution for three weeks, after which it was 
macerated for one hour at 60 C. in S per cent hydrochloric acid. The glandular 
epithelium would become white and opaque in the Siehler-Heuser ® solution, while 
the connective tissue becomes swollen to two or three times its normal size, and 
more transparent. The consistence of the gland increases, so that the tissue is 
more firm and of greater stability for dissecting. The slight maceration in S per 



Fig 4 — Negatire wa'v plate in uhich the inner lining of the follicles has been 
cut out. This area represents the group of follicles which were enclosed in the 
fibrous septums, constituting the area from which the wax model of the cxopli- 
thalmic gland ivas made. About the periphery can be seen the outline denoting 
the inner lining of the follicles in adjacent regions of the gland which were not 
included within the fibrous septums chosen as the peripheral limit of the model. 
The wax plate is shown pinned down on the bromide film, superimposed on the 
photograph in order to be certain that all of the follicles have been cut out cor- 
rectlv and none overlooked The wax plate is 19 6 cm square and 1.5 cm. thick. 
Reduced to X 14 from X 75. 


2. Heuser, Chester H.: A Study of the Implantation of the 0\tim of the 
Pig from the Stage of the Bilaminar Blastocjst to the Completion of the Fetal 
Xembranes, Reprinted from Contr, Embr>oI Carneg Inst Washington 19,2-9 
243 (Aug.) 1927. 
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cent hydrochloric acid is just sufficient to soften the 

n-issinc the eland thereby rendering subsequent dissection somewhat more easy. 

sccting microscope, with tlie tissue immersed in the Siehler-Heuser solution. The 
bottom of a glass dish 4 cm. deep and 11.5 cm. in diameter was covered with a 
laicr of cork 1 cm. in thickness. The thyroid was placed m the dish and com- 
pletely covered with the solution. It was then immobilized by means of silk 
tension tlireads drawn across its surface and fastened at each end m the cork 
bv common pins. In this way the gland to be dissected could be held m any 
position for an indefinite length of time, the formaldehyde preventing decomposi- 
tion of the tissue. The complete dissection of an entire right or left lobe and 
isthmus of a normal thyroid requires many months, not only because there is a 
great deal of work to be done, but also because one is not able to dissect for 
long at a time due to fatigue. 



Fig. 5. The group of follicles which have been removed from the wax plate 
sioiin in figure 4. This group has been wired together and superimposed on the 
corresponding bromide plate for corroboration of the position and grouping of 
inner shape of the follicles for that section. Reduced to 

X 14 from X /5. 


As a f ° surprise, a convenient differential staining reaction took place. 

epithelial L t P‘"*’ Siehler-Heuser solution, the 

o the thyroid became stained an opaque black gray,’ but 

••>'>4 ^omparativeirudffie T transparent 

and blood vessels because ’ll removal of the connective tissue 

proluiblc damage or r™ ^he contrast in color, and also insured against the 
*!'e Parcnclnnn uas parenchyma by dissection. This staining of 

to possess this qualitv 1’'^ Siehler-Heuser* solution alone did not seem 

larp dissection uas necessary because of the relative 
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firmness of the tissue, and to accomplish this, cataract knives of various shapes 
were ground down so that the blade of the knife was quite small. These were 
ground on a small (Arkansas) stone under the binocular low power, S5 mm. lens, 
which made it possible to minimize the serration of the edge of the blade. Needles 
and forceps were likewise ground down to as fine points as possible. Blunt dis- 
section was of no avail after fixation in Siehler-Heuser = solution. A Spencer 
binocular microscope was used and for the entire lobe the 55 mm. lenses were 
found to give the optimal magnification, i. e., 44.4 times for dissection. Direct 
illumination from a 6 watt and SO volt globe was used in an adjustable lamp. 
This could be focused and the light or beam concentrated, made more intense or 
more diffuse and thereby subdued, as desired. This flexibility of the beam was 
important because of difficulty in illuminating inaccessible areas or regions of 
the gland. A large amount of periglandular connective tissue was first dissected 
off the lobe and isthmus. This large amount of tissue was removed from the 
bod}' with the gland in order to avoid injury to the thyroid. In the operative 
specimens as little damage to the gland was done as possible. Because of the 
differential staining, no difficulty was experienced in recognizing the smallest 
amount of parenchyma, even the thin edges of the platelike areas which seem to 
taper off into the connective tissue capsule. After the connective tissue and blood 
vessels (although they could not be recognized as such at this low magnification, 
it is presumed that nerve filaments and lymphatics were also components of this 
tissue which here is termed connective tissue) had been dissected away from the 
gland, large spaces and clefts remained which divided the parenchyma into many 
regions to be described later. In order to dissect into these crevasses and between and 
under these bars of parenchyma, resort was had to small radially arranged retract- 
ing silk threads fastened at one end by bent pin hooks into the parenchyma of the 
gland, and at the other by attachment to pins stuck in the cork. In this manner 
the parenchyma could be separated without damage by simply tightening up on 
the threads. Also the septums of connective tissue, which everywhere penetrated 
and divided the thyroid, could be followed and removed from the innermost 
regions and crevasses without breaking any of the connecting bands or bars of 
thyroid tissue. As the dissection progresses from the e.xternal surface of the 
gland to the interior it becomes increasingly difficult owing to the ramifications 
and the coral-like complexity of the gland which is more closely packed and inter- 
laced in the deeper zones. The cleavage of the larger stalks and branches of 
connective tissue from the parenchyma is obtained with comparative ease, but 
dissection of the much finer strands of connective tissue binding together the 
individual follicles is far more difficult. The connective tissue septums of any 
considerable size are sufficiently macerated to render their dissection relatively 
much easier. By this method the morphologic structure of the thyroid as a whole 
can be demonstrated and the various regions into which it is divided can he 
identified. The tenacity of the interfollicular supporting tissue is illustrated by 
figure 7, which shows some of the fibers still clinging to individual follicles which 
were dissected away from a bar of thyroid tissue after maceration in 5 per cent 
hydrochloric acid only. These follicles were picked and plucked and rolled in 
petrolatum mixed with lampblack, but some of the connective tissue still remained 
adherent and could not be cleaned off. A portion of a fresh gland was macerated 
in 50 per cent hydrochloric acid for one hour at 60 C., but this procedure caused 
the follicles to break up completely, leaving only the colloid which was denuded 
of its epithelium. However, after fi.xation of the tissue for several weeks in a 



rIENHOFF-STRUCTURE of thyroid gland 997 

diluted solution of formaldehyde U. S P- (1:10). it can be macerated in 50 
per cent for one hour at 60 C. and then Ae folhcles may be 

Sissected f'rom the gland and each other with ease and contam 
the epithelial sac. The thyroid tissue was transferred from 50 to 5 per cent 
hydrochloric acid for dissection. Very gentle dissection was imperative, especially 
with the thyroid tissue from the case of exophthalmic goiter, as the follicles are 
much more friable and more easily torn than the normal thyroid follicles. Porcu- 
pine quills held in fine glass tubes and the quill of the South American ant eater 
similarly held were found most efficacious as dissectors. Higher powered lenses 
were used than for the dissection of the entire gland. The tissue that was macer- 
ated and dissected for the study of the follicles was from the same gland that 



Fig. 6 — ^The positive cast of a bromide plate of the follicles of one section 
of the normal thyroid gland after they were wired together. The preponderance 
of small follicles in proportion to larger ones is to be noted. The course of the 
fibrous septums can be seen at X in the upper portion of the photograph and at 
1 in the lower portion. These can also be traced later in a more complete model 
shown in figures 23 and 24. Reduced to X 21 from X 75. 


nas lived in the wax reconstruction. The entire follicle with the colloid, epithe- 
ru"! capillary bed was dissected out. The latter could be 

portion of the epithelium was frequently cut aivay so that 
111 n k u 1 *^° 'i':*"''' into the follicle and perceive the inside of this unit much as 
particularly true of the follicles from the cases of 
'omoiiiic all !i°'*'^'^ii ^oii'cles were dissected free they were cleansed by 

P' iced in a . of connective tissue, sucked up into a pipet and 

> >" a group .u a glass dish containing 5 per cent hydrochloric acid and in 
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the bottom of which was placed a piece of black glass. The dish was then com- 
pletely filled with the 5 per cent hydrochloric acid solution and covered so as to 
exclude all the air in the dish and also keep out lint. The dish could then be 
moved about without disturbing the grouping of the follicles. Subdued direct 
illumination was used, and the groups were photographed. Individual follicles 
were held in position under the solution by placing them in a small ring of petrola- 
tum which was placed in a hollow-ground slide before the fluid. In this manner, 
alternate sides of a follicle could be photographed. These specimens were also 
stabilized so that they could be handled by excluding all the air from the hollow- 
ground slide by means of placing a coverslip on the slide, a large ring of petrola- 



Fig. 7. — -A group of follicles isolated by sharp dissection from a portion of the 
parenchj'ina of the normal thyroid gland after fixation in Siehler-Heuser 
solution for three weeks and maceration in 5 per cent hydrochloric acid at 60 C. 
for one hour. The follicles show tags of fibrous tissue which clung tenaciously. 
White areas in follicles represent portions of the wall composed by epithelium, 
which walls were thicker at that point than in the more clear areas where the 
walls were very thin and of the thickness of one epithelial cell only. The variation 
in size is typical of the normal gland, and the tendency for each follicle to be more 
or less spherical is also cliaracteristic. The shiny colloid can be readily seen. 
Again the proportion of small follicles to large makes this a characteristic group 
for the normal thyroid gland ; X 18- 


turn having been previously run around the edge of the hollow depression and^ the 
fluid brought up to the edge of the ring. Specimens can be presen-cd indefinitely 
in this manner. 
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DESCRIPTION OF DISSECTED GLANDS 

As already mentioned, previous investigators of the structure of 
the thyroid gland have confined themselves to so large an extent to 
description of the individual follicles, that the morphology of the gland 
as a whole and the manner in which it is subdivided have been left 
undescribed. In this report the structure of the gland as a whole 
will first be described and illustrated; this will be followed by the 
morphology of the regions into which the gland is subdivided, and 
lastly, by a detailed account of the follicle or definitive unit of the gland. 
Thus an orderly sequence is adhered to which reveals the entire 
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structure of the thyroid gland. The normal gland and the gland in 
exophthalmic goiter are described and compared. 

General Form and Subdivision of the Gland . — By employment of 
special fixation, maceration and mici-odissection, the connective tissue 
including blood vessels, nerves and lymphatics was dissected away 
from the entire left lobe and isthmus of a normal tlynoid gland. 
In figure 8, the undissected right lobe of the same gland is shown for 
comparison. When the connective tissue investing the thyroid is 
removed with the blood vessels, lymphatics and nerves, the gland is 
revealed as a complex mass of tissue which is divided and irregularly 
broken up into many regions or areas of parenchj'ina. 



Fig. 9. — Normal human thyroid Higher magnification of the anterior superior 
portion of the left lobe is shown in figure 8. Note the small hook to the right 
of the drawing which demonstrates the pin retractor used for separating crevasses 
of the gland The various shapes of the parenchymatous regions arc evident, 
varjing from a triangular quadrangular area to that of a cube or almost perfect 
sphere Reduced from a magnification of X 12 

These areas or regions of thyroid tissue are in turn made up of 
groups of follicles of different number, shapes and sizes depending 
on the shape, size and location of the region wdiich these follicles 
compose. The form of these regions varies widely and is inconstant 
Not onh' in the .specimen depicted here, but also in other normal 
glands dissected this irregularity in form and size was noted. There 
seemed to be a total lack of uniformity not only between the ^■ariolts 
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subdivisions or regions of the same gland and lobes of the same gland, 
but also between various glands as portrayed by the different patterns 
shown on their surfaces. These regions or areas of the parenchpna 
of the thyroid may best be described as connecting or annectent bars, 
bands or piatelike pieces of tissue. The entire lobe of the thyroid is 
irregularly traversed by septums of connective tissue carrjdng the blood 
vessels, nerves and lymphatics. In this manner the parenchjma is 
divided and subdivided into many regions which, as previously stated, 
have the greatest diversity in shape and size with but one constant 
feature; namely, that all these regions were joined to each other at 
one or more points and in no case was a portion of parenchyma so 
completely surrounded by connective tissue that it was isolated from 



Fir. 10.— Cross-section of normal human thyroid. Cross-section of the superior 
anterior region of the dissected left lobe shown in figure 8 demonstrates anastomos- 
niR channels or spaces forming fenestrated labyrinth. It is to be noted that clefts 
do not completely traverse the gland ; X 2.5. 


tbu remainder of the gland. In some instances the annectent bar or 
connccting band of tissue betrveen one region and another was only 
a small thin stem of parenchyma composed of a single row of follicles 
and their intcrfolhcular supporting tissue, tvhile in others the con- 
t'ectmg stalk would be much larger in all dimensions and would 
•'pproxnnate m size the regions which it joined together. After 
runo\n of the bands of connective tissue by dissection, the crevasses 

various regions of parenchyma extended 

clnmul"' -f complex system of anastomosing 

' rami ynig throughout the gland and causing it to he broken 
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up and divided in an irregular manner, so that it formed a fenestrated 
labyrinth within the gland. The complexity and compactness of the 
coral-like arrangement of the parenchyma increased as the dissection 
was carried from the outside toward and info the inner zones. Unless 
great care is exercised in removing the outermost layers of connectir’c 
tissue, a portion of the parench)nna ma}' inadvertently be removed, 
for the relatively smooth convex surface of the thyroid is formed by 
broad, flattened, platelike areas of parenchyma which overlap each 
othei much as do the feathers of a bird. The edges of these over- 
lapping regions are thin, usually of the thickness of only one follicle. 
Probably as a result of the pressure of the contiguous structures in 
the neck, many of the surface regions of parenchyma become flattened 
and spread out with their connecting stalks or bars beneath the sur- 
face, giving the entire platelike region, in profile, the appearance of a 
mushroom or a palm leaf (figs. 9 and 10). The external flattening 
pressure is also reflected in the shape of the individual follicles which 
form the delicate overlapping edge, in that they are much thinner and 
more flattened than the follicles elsewhere in the gland. These tongues 
or edges of the flattened platelike regions of tissue forming the sur- 
face of the gland gradually blend with the connective tissue which 
invests the gland and become more attenuated until the plate ends by 
tapering off to a delicate point or nose composed of only a few follicles 
in a strand of connective tissue. Again, on the surface at the point of 
ingress or egress of the blood vessels, the delicate and prolonged end 
of a plate may be observed to have embraced the vessels and to be 
extending along their course for a short distance. Not all the areas 
of parenchyma presenting on and composing the Surface of the gland' 
are of the flat platelike variety, however, for soine are distinct bars 
and bands in form, while others are spheroidal (fig. 9). There are all 
manner of gradations between these varieties of bands or bars and 
the spheroidal t 3 'pes of parenchymatous regions with no suggestion 
of iiniiormity. This point is well shown in figure 9. From this it 
can be seen that there are plates of parenchyma which on the surface 
appear triangular; others almost quadrangular, and others, again, almost 
perfect spheres. They are, of course, made up of a group of closely 
connected follicles, and all are connected with each other by some 
bridge, bar, band or fenestrated arm of thyroid tissue. In figure 9 an 
area is shown which is almost coinpleteh' isolated from the surrounding 
parenchvma except for a narrow arm of tissue connecting the gland. 
If a section 10 microns in thickness had been cut through this spherical 
knob of the parenchyma of the gland either in a plane perpendicular 
to the gland or in one horizontal above the connecting arm, the false 
impression of a lobule of thyroid tissue completely surrounded by con- 
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mctivc tissue septums would have been obtained. The flattening of 

the surface plates is also well shown in figure 9 . v x ir t c 

The stippled appearance in figures 8 and 9 is caused by the follicles 

composing these areas of parenchyma. The higher niagn.ficat.on of 
rZ 9 denonstrates this point more clearly. The open spaces or 
cWts often ealcnd almost entirely throogh the lobe but are eventually 



tiR. 11.— Photograph of group of follicles dissected from a normal human 
tlnroid, Xotc the variation in size, also the marked transparency of some of the 
very small follicles. Compare with the more dense ones shown in figures 16, 17 
.mj IS which were dissected from the exophthalmic goiter. It is to be noted that 
the l.TUcr arc much more while and dense due to the increase in amount of 
(pithclium in proportion to the amount of colloid. The normal follicles are 
ri.l.Tti\cU spherical in shape with a smooth external contour. The white areas in 

<10 walls of the follicles are those in which the epithelium seems more thick 
•'.11.1 (umc; X 67. 


t 
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made to end blindly by connecting bands or bars which join one ])or- 
tion of the gland with another. Figure 10 is a drawing of a cross- 
section of the lobe shown in figures 8 and 9, and brings out clearly 
the tendency of the surface parenchyma to take the form of a flat, 
platelike structure with two more or less flat surfaces and an edge, 
ihe larger number of annectent or connecting bars and l^ands or stalks 
of parenchyma joining larger regions of the inner zone together is to be 
observed in figure 10. 



Fig 12 — Microscopic section of normal human thj-roid gland stained with 
hematoxylin and eosin. The follicles were dissected and the wax model 
made from same gland from which this section was removed. It is to be noted 
in this section that some follicles are cut through at their maximum diameter, 
while others are cut through at their minimum diameter. Some groups of cells 
shown between the larger follicles represent a tangential section through the 
dome of an underlying follicle. Thus, in any one section all the follicles are rut 
through at different levels, thus causing their diameters in a certain section to be 
entirely different. Follicles cut through their domes, so that the lumen of the 
follicle is not shown, give the impression of a group of interfollicular or inter- 
acinar cell rests ; X 40 
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As one progresses to the inner zones of the gland, the connective 
tissue septums are dissected away with a good cleavage from the 
jjarcnchyma, leaving clefts and open spaces which twist and turn and 
penetrate the gland in all directions. 

As mentioned before, the inner zone of the gland was more com- 
])act as well as complex than the outer zone. The parenchymatous 
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ular substances were much greater in breadth and thickness and per- 
haps better described as bands rather than bars. In the glands observed 
in this study there seemed to be a definite stratification to the thyroid. 
This was manifested chiefly by the tendency of the plates, bands and 
bars of parenchyma as well as the open spaces and clefts to be roughly 
parallel to the long axis of the body and the surface of the gland. 
This tendency toward a stratification is not present or reflected in the 
follicles. No uniform and distinct lobules were observed, and further, 
no areas of parenchjmia completely surrounded b}" connective tissue 
occurred. The foregoing description of the maceration and micro- 
dissection of the normal thyroid applies also to the gland as a whole 
in exophthalmic goiter, except that the exophthalmic gland with the 
various subdivisions is larger. 





Fig, 14. — Anterior view of follicles dissected from normal liiiman thyroid 
including the surrounding capillary bed. showing the vessel of ingress and capillary 
distribution. The white arc about the periphery of the follicle is duo to 
the reflection of the light shown down on the follicles by the coinev edge of the 
epithelial wall ; X 85. 

T//C Individual Follicles. — The method of maceration and micro- 
dissection was particularly applicable to the study of the individual 
follicles of the thyroid in even a greater degree than to the morpholog.v 
of the gland as a whole. By macerating the glands, after fixation in a 
diluted solution of formaldehyde U. S. P. (1 : 10). with 50 per cent 
hydrochloric acid, it was possible to dissect the most delicate follicular 
irregularities and the entire follicle with their anastomosing capillan' 
bed without injury to either. The use of the quill of the porcupine 
and South American ant eater made possible the delicate separation 
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of the follicles from each other by perfect cleavage. The slightest 
tearing of these epithelial sacs was at once evident, and by dissecting 
so as^o leave in situ the capillary bed, one could be sure that the 
wall of the follicle remained undamaged. The capillary plexus might 
then be removed, leaving the epithelial sac alone and intact. Further- 
more, a break in the continuity of the epithelium allowed one to look 
down into the follicle, whereupon the torn epithelial edge could readily 
be seen and also the inner lining of the epithelial wall. The external 
form of the individual follicles was determined in this manner. The 
sources of error which are attendant on a wax reconstruction were 
eliminated by this method of investigation. In the studies of the indi- 
vidual follicles by previous investigators, and also, as will be pointed 



1 IK. 15. Posterior view of the same follicles shown in figure 14 to demonstrate 
I'c complete enclosure of the follicles within the capillary bed; X 85. 


out later, in the present study, as far as the wax models were con- 
cerned, the inner margin of the epithelial lining of the follicle has 
)cen tised as a criterion of the shape of the follicle. This resulted 
^rom tlic {.act that the inner epithelial margin of the thyroid follicle 
Ti'*' "licroscopically and traced than the external 

Infrequently difficult to recognize in stained 
unto tb ' rcadih' lend itself to an accurate tracing 

foHicI,. resulting model is a cast of the inside of the 

entirely' tr cT''’''-'- dissected 

-.Ktinl b ir ^fter maceration reveals its true 

ia\e been dissected from a macerated specimen of a 
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portion of the normal adult thyroid gland, also from which the wax 
reconstruction was made. The dissection was made under the binoc- 
ular microscope at a magnification of 20 times and photographed in a 
subdued light at a magnification of 40 times. The stained microscopic 
section of this gland is given in figure 12. A great many of these 
follicles were so small and transparent that they faded out in the 
negative. However, faint traces of some of them may still be seen 
which appear to be mere fragments of follicles in the photograph. 
The subdued light was shown directl}' on the specimen at the time of 
photographing. The high lights in the follicles shown are the areas 
in which the epithelium was more dense or thick. This density or 
thickness in the epithelium seemed to be due to slight infolding of the 
epithelial wall and also to an increase in the size of the individual cells. 
In the less dense regions of the follicle wall there was just a thin 
layer of flattened endothelial-shaped epithelial cells in which no infolding 
of the epithelial lining existed. The more transparent areas in the 
follicles represent, therefore, regions in which the walls of the epi- 
thelial sac are more thin and translucent. The follicles are full of 
colloid which transmits light readily and therefore does not show up 
well in the photograph, thus giving the follicle the appearance of a 
closed epithelial sac containing a clear substance which maintains the 
normal contour of the follicular unit. The follicle is a structure in 
which the epithelial walls encircle a colloid substance contained within 
so that when direct light is shown on this unit the margin appears in 
the photograph to be of greater density and the follicle is therefore 
more plainly defined or outlined. The more clear areas of the follicles 
shown in the photograph are the regions in which there is a thin sheet 
of epithelium of only one flattened endothelial-like cell in thickness 
enclosing the colloid substance. In some follicles, especially the smaller 
ones, the entire epithelial sac is composed of the most thinned out 
epithelial sheet in which there is no infolding of the epithelial wall 
or even an enlargement of the epithelial cells. In the photograph these 
transparent small follicles hardly cast enough of a shadow to be photo- 
graphed and they therefore are not all shown. As seen in figures 11 
and 13 there is a great diversity in the size of the follicles, but the 
outstanding characteristic of the normal thyroid gland, as will also be 
shown in the wax model, is the great preponderance of the small fol- 
licles over the larger ones. The normal follicles vary from 20 microns 
to 1 mm. in diameter, but relatively only a few attain a large size, 
the great majority are small and in man}' there was hardly a lumen. 
There did not seem to be an)’- special distribution of the follicles in 
regard to size. The larger ones were evenly distributed throughout 
the gland with the smaller ones. 
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I'iK-'. 10, 17 and IS. — Disscclion of group of follicles from gland of a patient 
widi eNoiilitlinlniic goiter. Figures 16 and 17 are from the same gland from 
"liich the wax model was made, while figure IS is from another gland. Note the 
i.iriation in shape and size of the follicle, also the increased definition and 
tUiwlty of the follicles duo to the proportion of increase in epithelium to the colloid. 
I he magnification of each illustration is X fi.7. 


glolnihir, ohlong, triangular, cuboidal, hexagonal, octagonal, to that 
I'i .ihiMwi a jierfcci cube. Some follicles were slightly faceted from 
prihsari; oiher.s the least hit cupped ou one surface because of 

Uhtiiipr 0,1 ihe dome of an underlying follicle, but on the whole the 
•.etur.d ionn lended to he that of spheroidal with a tendency of the 
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follicle wall to be tapered off to a point at two or more areas, iisiiall}' 
rather remotely situated on the follicle. The outside wall of the epi- 
thelial sac except for the facets, cupping or gentle tapering was essen- 
tially smooth. There were no pseudopodial outpouchings of the wall, 
nor regions showing constriction or budding of a primary into a sec- 
ondary follicle. All the major irregularities in the epithelial wall 



Fig. 17. 


occurred inside the follicle, that is, internally and not toward the out- 
side or externally. This will be more clearly shown when the follicles 
of the exophthalmic goiter are discussed. No junction or branching of 
any follicles occurred. They were entirely discontinuous and separate 
individual units. No evidence of any tubes or tubular formation could 
be observed. Small follicles would be grouped about the larger ones, 
but they always were dissected away w'ith excellent cleavage and coin- 
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plete separation, there being no continuity between the small and the 
large follicles. The roundness of the follicles and their rather sym- 
metrical appearance gave the impression that they were completely 
filled with colloid, whether small or large, excepting the small ones in 
which there was scarcely a lumen, and that there was plenty of room 
in the gland for each follicle to become normally distended without 



Fig. 18. 
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As has been said, the fibrous tissue capsule of the thyroid gland 
with the blood vessels and connective tissue septums were dissected 
away with great ease after fixation in Siehler-Heuser = solution and 
macerated in 5 per cent h 3 'drochloric acid for one hour at 60 C. How- 
ever, the follicles which collectively formed the parenchj'inatous tissue 
were bound together in dose union by an interfollicular connective 
tissue which carried in its framework arterioles, capillaries, venules, 
lymphatics and nerves. This interfollicular connective tissue was much 
more difficult to dissect off from the individual follicles. There was 
no cleavage such as occurred in the removal of the main septums which 
divided the gland into many regions. The follicles could be dissected 



Fig-. 19 — Isolated follicles from the exophthalmic gland from which the wav 
model in figure 32 was made. Note the smooth e.vternal contour and irregular 
internal surface. The clear area represents colloid into which finger-like pro- 
longations of internal epithelial lining are protruding; x 86- 

away from a portion of a main region of the gland, but such sharp 
dissection with some force alwaj's endangered the follicles. Figure 7 
represents a few follicles dissected in this manner in which the tags 
of connective tissue are still clinging to the follicles in spite of many 
attempts to clean them. So tenacious was this interfollicular connective 
tissue that a much stronger maceration was required and 50 per cent 
instead of 5 per cent h 3 'drochloric acid was employed for one hour at 
60 C. The more gentle blunt dissection then sufficed not onh' deli- 
cately to separate the follicles from each other, but also even to dissect 
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the capillary bed with the follicle. Figures 14 and 15 show the anterior 
and posterior views of the same follicle about which the injected 
capillary bed may be seen. On the one side is seen the vessel of 
ingress, and on the opposite side there is a similar appearing vessel. 
The anastomosing capillary bed invests the follicle completely.^ The 
apparent marginal gaping seen in figure 14 is due to the reflection of 
the light. Although not shown in this figure, the capillaries extend 
all around the edge of the specimen. The vascular bed about the 
follicle of the normal thyroid gland is thus shown to be very rich. 

The Hypcrihyroid Gland.— As previously mentioned, dissection of 
the tissue from the glands of patients suffering with hyperthyroidism 
or exophthalmic goiter was made simultaneously with that of the 
normal thyroid gland. The same technic was employed. Figures 16, 



Fig. 20.-~Saucer-shapcd exophthalmic follicles dissected from the same gland 
as those ill figure 19. The clear area represents colloid. Note the smooth external 
contour and irregular internal surface. The finger-like epithelial processes pro- 
trude into the lumen of the follicle; X 86. 


17 and IS represent three different groups of follicles. In figures 16 
and 17 , the groups are from the same gland from which the wax model 
was made, while, in figure 18, they are from another gland. As hap- 
pens m the normal gland there is great variation in shape and size 
of the follicles, but the follicles are on an average much larger in the 
gland from the case of exophthalmic goiter. The proportion of small 
to large follicles is definitely less in the exophthalmic gland than in 
the normal one. There are some follicles that are below the average 
normal Size, but these are comparatively few. The groups of dissected 
exophthalmic follicles shown here are magnified 40 times and when 
compaicd with figure 11, which shows the normal group at the same 
magnification, it i.s readily noted that the average size of those of the 
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normal gland are definitely smaller. The more sharp definition of 
the exophthalmic follicles in the figures 16, 17 and 18 is interesting 
because the density or thickness of the epithelial walls of the follicle 
is directly responsible for the definition on the photographic plate. 
The epithelial walls of the exophthalmic follicles are all more dense 
and thick than the normal b}' virtue of the fact that the epithelial 
cells are columnar or cuboidal and in most follicles the epithelium is 
infolded into the lumen of the follicles. The increase in opacity 
is readily appreciated by comparing figure 11 with 16, 17 and 18. 
The size of the follicles varied as compared with the normal from 
0.21 to 5 mm., showing that the variation in size of the exophthalmic fol- 
licles is much greater than that of the normal, as is also the average size. 
If these larger follicles of the exophthalmic gland were distended with 
colloid, as are the normal follicles, to the limit of their epithelial lining 
they would be even larger in size. The present increase of the size of 
these follicles seems to be chiefly one of an increase in the amount of epi- 
thelium since there is little colloid present. The total epithelial surface as 
well as the amount of epithelium present seems to be definitely increased. 
The colloid, of course, is diminished. The increase in the size of each 
individual follicle due to an increase in the epithelium results, in exoph- 
thalmic goiter, in an increase in the size of the gland due to an actual 
growth of the epithelium or parenchyma. The second departure from 
the normal noted in the exophthalmic follicles was in the shape. Here 
again, as in the normal gland, the shape of each follicle differed in 
some slight degree. No two were alike. The various shapes and forms 
encountered will be appreciated by a reference to figures 16, 17 and 18. 
In these all variations ma)' be seen, from a long straight cjdindric tube 
to a perfect sphere, and again from a cube to a hexagonal, octagonal, 
globoid, hatchet-shaped or pear-shaped unit. Near the center of figure 
17 will be seen a delicate, straight, almost y-shaped, tubelike follicle 
and to the left of the figure a follicle the shape of the figure six. 
These and the straight cylinder were the only tj'pes of tubular follicles 
encountered in this stud)^ There is a definite difference, however, in 
the shape of the exophthalmic follicles when compared with the normal. 
This difference is shown only poorly by the photographs, and really 
to study it one should move around the follicles under the binocular 
microscope. In figures 16, 17 and 18 the broad side of the follicles 
has been photographed, as narrow ones could not be made to balance 
on an edge. For this reason the thickness of these exophthalmic fol- 
licles is not brought out in the photographs. The follicles did not 
seem to have room for proper expansion in the e.xophthalmic gland 
as they had in the normal gland and were more flattened against each 
other, their long axes being parallel to the surface or long axis of the 
plate, bar or arm of parenchyma of which they formed a part. In this 
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sense there was a stratified arrangement of the follicles of the thyroid 
but the stratification is different for each distinct region. After dis- 
section it waseobserved that these follicles were not completely distended 
with colloid but appeared to be only partly filled with a less viscid 
material which allowed their walls to bulge less than those of the 
normal follicles. The follicles from the surface of the gland were 
disposed to he more flat and saucer-shaped, while the ones from the 
inner zones of the gland were more apt to be elongated or even more 
spherical or spheroidal. The shape of the follicle is therefore dependent 
to a great extent on the region or zone of the gland from which it 
comes. The tendency toward flattening and also elongation in the 
exophtliahnic follicles constitutes the chief difference between them and 



i'ig. 21, — Camera liicida drawing of isolated c.xophthalmic follicles, showing 
smooth c-xternai contour with very irregular internal surface. Tlie thin epithelial 
roof or dome of this follicle is shown by the high lights, while the watery-like 
colloid inside the follicle is represented by the dark areas. Finger-like epithelial 
huddivrg into lumen of epithelial lining is readily seen ; X 40. 

the normal. It is to be noted that except for the minor irregularities 
in Contour the external surfaces of the follicles of the exophthalmic 
gland are relatively smooth and as observed in the normal follicles 
there are no pseudopodial outpouchings of the epithelial sac, no bud- 
ding off of new follicles, no constriction or cleavage of the primary 
into secondary follicles. Grouped about the larger exophthalmic fol- 
licles arc usually to he seen small satellite follicles which, if a section 
was made across them, might appear to be the result of outpouching 
0 the follicular epithelial sac. This is only an illusion, however, for 
those small, peripherally placed follicles are in no way connected with 
the larger more central follicle. The follicles are definitely increased 
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m size but are full}^ differentiated and developed individual and inde- 
pendent units. There was no continuit 3 ' observed between them. 

Figure 19 is a photograph of a follicle from the gland of a patient 
with exophthalmic goiter. means of a hnelj' ground pair of scissors 
the top or dome of this follicle was cut away so that one might look 
down inside. It is to be noted that the external form is almost per- 
fectly smooth, whereas the internal surface is irregular as a result of 
the infolding of the epithelium. The finger-like epithelial projections 



Fig. 22 — Microscopic section of the e.xophtlialmic gland from which dissection 
and \\ax models ni this study were made. Section shows papillomatous infolding: 
into the follicles in one plane while the dissected isolated follicle sliown in figure 21 
represents the internal and e.xfernal form of the follicle in all dimensions and is 
more of a stereoscopic view of the papillomatous infolding; X 

may be seen extending from the bottom epithelial rim toward the to]) 
where a very much thickened and irregular wall of epithelium exists. 
The right end of the follicle also shows a much increased epithelial 
covering. The clear area into which the papillomatous in foldings 
occur is the water-like colloid, the visciditj" of which has been much 
decreased from that of the normal. This follicle is spheroidal. Figure 
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20 sho.-s two saocer-ohapri exophthalmic follicles from which the 
Int; also been removed. One looks down on them with the water) 
colloid coveting the more opaque epithelial walls. Protruding up rom 
the bottom may be seen several finger-like projections of the infolded 
epithelium. The external contours of these follicles are observed to e 
regular; the internal surface is very irregular. Figure 21 is a camera 
lucida drawing which accurately portrays the appearance of a single 
exophthalmic follicle. The relatively smooth external contour is to be 
noted in comparison to the very irregular internal surface. The thin 



y X 


Fig. 23. — ^Top view of the half completed wa-v reconstruction of the normal 
thyroid. In the upper portion of the photograph can be seen the space correspond- 
ing to the fibrous connective tissue septums labeled X, and just below the middle 
on the right hand side is the course of another fibrous band labeled F. These 
correspond to the similar tracts shown in figure 6. Reduced to X 21 from X 75. 


epithelial roof or dome of this follicle is shown by the high lights and 
the dark area within represents the thin watery-like colloid into 
which the nutnerous buds or pseiidopodial processes of epithelium have 
jirotnided. A section through the tissue of the same gland from which 
they were dissected is shown in figure 22 and the wax model to be 
described later was also made from the same gland. A comparison 
is in this way offered between a stained section of the follicle in exoph- 
thalmic goiter portraying the papillomatous infoldings in one plane 
.awl the dissected follicle .showing the external and internal forms in 
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all dimensions. The study of the follicles by this latter method is 
obviously more accurate, affords a much better conception of the size 
and shape, the external and internal form with its blood supply than 
any other method heretofore emplo3'ed. 

RECONSTRUCTIONS IN WAX OF THE NORMAL THYROID AND 
THE GLAND IN EXOPHTHALMIC GOITER 
In a review of the report.s of previous investigators, it is interesting 
to note the influence of the technic emploj'ed in examination of the 
thyroid gland on their opinions and conclusions. In the early studies 



Fig. 24.— Top view of fully completed model before the removal of wires 
subtending the various follicles; X 21. 

erroneous conclusions were arrived at because only an examination of 
the individual sections was made. This stage was followed by the use 
of graphic reconstruction and then the more accurate wax plate models 
were constructed. In this studj^ wax plate reconstruction was employed 
when the problem was begun three 3'ears ago, but it was soon recog- 
nized that while certain points of interest could best be shown by this 
method, there were others which could not be determined. Tiw limi- 
tations of this technic will be pointed out in the following description 
of the models and also later in this paper. 

The technic employed in the formation of the models has been 
discussed in detail and need not be repeated here. The wax models 
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were made in order to determine, if possible, the presence of a true 
lobulation of the gland as a whole; the manner in which the gland as 
a whole was subdiidded; the ramifications of the fibrous tissue sep- 
tums; the size, shape and spatial relation oi the follicles; whether or 
not the follicles were connected or were discontinuous; the presence 
of interacinar fetal cell rests, and the distribution of the capillary cir- 
culation of the follicle. In spite of the fact that both the model of 
the normal thyroid and that of the exophthalmic gland were the largest 
which have ever been reconstructed, it was impossible by this technic 
to determine all of these points, and particularly that of the structure 
of the gland as a whole and the manner into which it is subdivided. 
The microscopic areas of the sections to be reconstructed were selected 
from two different points of view. In the normal gland the right angle 
edges of the section, -and.therefore their photographic plates, were used 



Fig. 25. — Profile view of the untouched model of the normal thyroid gland 
before the removal of wires. The great preponderance of small follicles may be 
seen in figure 2s as well as in figures 23 and 24. Largest follicle in entire model 
is sliown in this photograph just to the right of the raidline; X 21. 

as the guiding points for the reconstruction of a large corner area of 
the microscopic section. This area was marked off by the lines of 
orientation, and all epithelial structures as well as fibrous tissue sep- 
tnms which occurred in this area were carefully traced on the wax 
Iilatcs. In this way any tendency to lobulation of the parenchyma 
could be disclosed. Further, all epithelial structures in this large area 
were reproduced iu wax in their natural spatial relation to each other 
so that the presence of any interacinar epithelial cell rests would be 
evident. This complete reproduction in wax of a large area was felt 
to be mote convincing of the true detailed structure of the parenchyma 
rmd Its constituent follicles with their relation to one another, than the 
reconstruction of just a few individual follicles as had been done in 
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In the gland of the exophthalmic goiter, however, the microscopic 
field from which the model was to be made was selected in a different 
manner from that utilized in the case of the normal gland. In this 
instance the selection was made with special regard to a microscopic 
area in the middle of a section, midway in the series, an area which 
was apparently completely circumscribed by connective tissue septums 
and which iras also apparently a separated and fso/ated fobufe of the 
parenchyma of the thyroid. The orientation lines were, of course, 
drawn as for the norrnal thyroid, but the fibrous connective tissue sep- 
tums which apparently completel}'^ surrounded the area of parenchyma 
served as the marginal guides of the tracings on the wax plates, and 
therefore, the boundaries of the model of the exophthalmic thyroid 
tissue were formed b)^ the connective tissue septums. The external 
form of the model portrays the course of these septums within the 
gland. Only the follicles contained within the boundaries of this 
fibrous connective tissue were reproduced in this model of the thyroid 
in exophthalmic goiter. In this wa}' the connection or junction of the 
parenchyma enclosed within the fibrous septums with the parenchyma 
of another portion or region of the gland would be evident. Therefore, 
any separation, fenestration or attenuation of the fibrous septums would 
be manifested in the wax model by the tendenc}" of the follictdar 
parenchyma to break or protrude through the connective tissue envelope. 
This, as will be shown later, occurs in the model of the exophthalmic 
goiter gland. Thus the models differ in size and shape because the margins 
of the normal model were formed first by the right-angled edges of 
the section which bound the corner area of the microscopic field selected 
for reconstruction; and secondly, by the opposite edges of the wax 
plate cut at right angles, and on which the tracings were made. In this 
way an almost perfect square model was obtained which is a repro- 
duction of all the structures, epithelial and connective tissue, that occur 
in a specific blocked-out microscopic area of the section, without any 
particular reference to the fibrous tissue septums, whereas the model 
of the thyroid from a case of exophthalmic goiter is a reconstruction of 
the parenchyma -with specific reference to the fibrous septums of a 
certain microscopic field, and the external shape of the model depends 
on the course and ramification of these septums. It is, therefore, not 
a square model, but has more of a tendenc}" to an asymmetrical tubular 
form. The magnification is the same in both models, i. e., 75 times. 

Model of the iVontial Gland . — ^The wax model of the normal 
thyroid will he described first. For the sake of clearness it may again 
be said that the model was made by tracing each microscopic section 
on a wax plate, from which tracings the models of the follicle were 
cut out and wired together as shown in figure 6. These positive repro- 
ductions were then piled on one another according to the lines of 
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orientation. Thus positive wax models were made of each and every 
one of the stained serial sections. The positive models were piled on 
one another according to their lines of orientation to avoid any dis- 
tortion of the model. A view of the top of the wax reconstruction 
when only half completed is shown in figure 23, and in figure -4 the 
same view of the fully completed model. Figure 25 shows a profile 
view of the finished model of the normal thyroid before many of the 
wires were removed and also before the wax casts of the follicles were 
smoothed off with an electrically heated needle and fine spatula. 

In figure 6, although this is a wax reproduction of one section only, 
the preponderance of small follicles to larger ones is aheady evident 
and their average in diameter, shape and spatial relation could almost 
be predicted from this section. The course of a fibrous connective 



I'ig 26 — Drawing to scale of the wax model of the normal human thyroid. 
The model represents the internal shape of the follicles. The subtending 
vires are not included in the drawing. In the lower right corner may be seen one 


of the square sides of the model identified by the vertical or sagittal flattening of 
the incompleied follicles. Also the top of the model shows the incompkted 
follicles. Ihc serpentine front is shown which represents an undamaged 
‘-urface of the model and one including only completed follicles. This front was 
obtained by diiiding the model along the course of the fibrous septums shown in 
liRitrcs 6, 2,1 and 24. Xote the irregularity of the internal shape of the follicles, 
apparent budding, constriction and fission of the follicles. Also note tlie pre- 
dominance of small follicles. It is at once evident that if sections were cut through 
tins model at diiTcrent levels some of the follicles would be sectioned at maximum 
ami some immmum diameters It is probable that sections through some of the 
Miiatler follicles or the dome of an underlying follicle might he misinterpreted as 
mterfolheuhr or iutcracinar cell rests; X 45 
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tissue septum can be seen in skeleton outline at the point X and, as 
will be shown, can be traced through the entire model. In looking 
at the wax reproduction of one section it is, of course, impossible to 
tell the cross-section of a very small follicle from a tangential section 
through the dome of an underlying although larger one. In figure 23, 
the wax model is only half completed. The course of the fibrous septum 
referred to in figure 6 can be traced in this model in the upper portion of 
the photograph. It is also labeled X. Just below the center there is shown 
the course of another fibrous band, labeled V. The same division of the 
parenchyma by connective tissue can again be traced in figure 25, a pho- 
tograph of the model after completion. The long septum X to the right 
side of the photograph and the shorter one to the left show up more 
clearly in figure 24 than in figure 23 because the former was photo- 
graphed on a white porcelain plate, the latter on a plain glass plate. 



Fig. 27. — Wax model of a single section of e.xoplithalmic goiter. Comparison 
with figure 6 from the normal gland demonstrates the great difference in size and 
diameter as well as shape of the follicles in exophthalmic goiter as compared with 
normal fh 3 Toid gland ; X 30 

Figures 23 and 24 furnish an idea of the model in cross-section 
showing again the great preponderance of small follicles in comparison 
to the larger ones and their complete discontinuity in this horizontal 
plane. The small holes in the surface of the follicles in figure 23 are 
'due to punctures with an electric needle made while fusing each suc- 
cessive layer so that some of the connecting wires might be removed. 
In figure 25, a profile view of the model, the preponderance of the 
many small follicles is again shown. The supporting wire of each 
individual plate remains. In figure 25 the largest follicle of the entire 
model is seen. It may be traced through all but a few sections of the 
block and is greater not only in length but also in width than any of 
the other follicles. The discontinuity of the follicles is again demon- 
strated in the vertical plane. Figure 26 is a drawing to scale of, the 
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completed model of the normal thyroid gland. All but a fevv wires 
were removed with a pair of electrically heated 

remaining were eliminated from the drawing by the artist, Mr. >mes b . 
Diduscl/ It will be noted that the drawing is made at an angle which 
shows the top of the model and also tlie now serpentine margin m front 
with just a small portion of one of the square sides of Uie model m 
the right corner of the drawing. The tip end of this straight side can 
be identified by the vertical or sagittal flattening of the incompleted 



Fig. 28.— Top view of a half completed model of exophthalmic goiter. Note 
the irregularity in shape of the individual follicles; X 42. 


follicles along the edge of the model. The drawing was made in 
preference to a photograph because three sides or surfaces could be 
portrayed by it. In order to present an undamaged surface of the 
nonnal gland and also a surface in which no incompleted follicles would 
occur, as shown in the straight cut surface in the right corner of the 
drawing, the model was divided along the course of the fibrous 
seidtims A' sliown in figures 6. 23 and 24. This division resulted in the 
formation of the serpentine front to the model shown in figure 26 com- 
posed of only completed follicles. It will also be noted that the wax 
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casts of the internal shape and form of the follicles shown in figure 25 
have been smoothed off in figure 26. This was done partly because 
of the better and more clear definition of the follicles in the model 
after smoothing and also because the stair-step-like overhanging edge 
of the tracing of the follicle in each section is in reality an inaccuracv 
and should be removed. This fusing and smoothing out of the indi- 
vidual wax models of the follicles was accomplished by means of elec- 
trical]}^ heated needles and spatulas. In order that no errors should 
occur, constant reference was made to the stained sections and photo- 
graphic plates. The great number of small follicles in proportion to the 
larger ones is at once evident, and this fact is made more striking 
when the illustration of the model of the normal thyroid is compared 
with that of the gland in exophthalmic goiter. It is to be recalled that 
the wax models of the follicles represent the internal form or shape 
of the follicle because the inner margin of the epithelial sac composing 
the follicle ivas traced on the wax. In this cast the internal shape of 
the follicle may be compared with the external shape demonstrated by 
the dissection of the entire unit as shown in figure 11. The internal 
shape of the follicle is more irregular and less spheroidal than the 
external form which is, of course, due to the infolding of the epitlielial 
wall into the lumen of the follicle. The smaller follicles seem to be 
much more regular in form, being spheroidal. There are occasional 
casts of a distinct tubular shape and some that branch slightly, as 
can be seen in figure 26. There are also follicles that seem to give 
off buds and others tliat are constricted, but again it is to be recalled 
that these casts represent only the internal form of the follicle and not 
the external. Almost all varieties of shape are to be seen in the model, 
but when compared with the dissected specimens the much greater 
tendency to tubular form, branching, budding and constriction is evi- 
dent in the model. The greatest variability in size is shown, from 
follicles 1.5 mm. or even less in diameter up to 35 mm. There is 
complete discontinuity of the follicles. No coiled tubules were 
encountered in the normal gland. No sign of junction between the 
follicles could be detected. The spaces between the follicles appear 
greater in the model than the}’- actually are in the gland because only 
the inner margin of the epithelial wall was traced, and consequent!}’ the 
thickness of the follicle wall is lost in the model. The remaining space 
is normally filled with blood vessels, connective tissue, lymphatics and 
nerves. No evidence whatsoever was educed in regard to so-called 
interacinar fetal cell rests. There are no epithelial cell rests of any 
type in the normal thyroid gland of the adult. The only epithelium 
encountered in the thyroid was a fully differentiated variety which 
formed a definite part of the parenchyma ; even in the smallest follicles 
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i„ which a lumen is scarcely visible the epithelium is arranged in the 
usual manner of thyroid epithelium and appears o be fully diffei- 
entiated. It is obvious from figure 26 that if serial sections were cu 
through the model some follicles would be cut through at their maxn 
mum diameter while others would be cut tangentially only across their 
dome without even disclosing the lumen of the underlying follicle. 
This, of course, would give the impression of a group of interacinai 
cells apparently disconnected from the remaining parenchyma of the 
thyroid but would only be an illusion, for if the continuation of the 
series is followed it will be found that what appeared to be an isolated 
group of interacinar epithelial cells was merelj' the dome of an under- 
lying follicle. In some instances, when the follicle is almost a true 
sphere in which the diameter is only 20 microns or even less, a series 
of sections 10 microns in thickness may be necessary to prove the 
follicular arrangement of the lining epithelial cells. In this study the 
serial sections of 20 microns in thickness were used to determine this 
point, and also for the reconstructions in wax ; in addition, a series of 
sections cut 10 microns in thickness was studied for the presence of 
interacinar cells not a part of the parenchyma. The casts of the follicles 
of each section and the model as well were carefully checked with 
the serial sections in the series cut 20 microns in thickness to avoid 


tlie error of overlooking possible epithelial rests and clusters of inter- 
acinar cells. A graphic microscopic study was made of the other series 
of sections cut 10 microns in thickness, but not the slightest evidence 
was educed from either series even to suggest the presence of 
undifferentiated or differentiated -epithelium between the follicles and 
not connected with, or a portion of, the parenchyma of the thyroid. 

Even though the model shown in figures 23 to 26, inclusive, is the 
largest wax reconstruction ever made of the normal thyroid gland, it 
is at once evident that the structure of the thyroid as a whole and the 
manner in which it is subdivided into various regions cannot be learned 
from such a small area of the gland. Investigators in the past, some 
working only from single sections, others with very small models con- 
sisting of only a few follicles at an unnecessarily high magnification, 
have unhesitatingly described the thyroid as a lobulated gland. The 
structure of the gland as a whole and the form of its many subdivisions 
could not be learned from this model of the normal thyroid gland, 
simply because the block of tissue from which the serial sections were 
cut was far too small for this purpose. It is interesting to note that 
although this model is a complete reproduction of a much larger micro- 
scopic field than heretofore has been reconstructed in wax, and at 
tlie same time is the only model in which all the follicles of' a given 
area have hcen included, yet it i.s impossihlc to discern any tendency 
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toward lobulation of the gland. Previous reports, although based on 
much smaller models of only a few of the larger follicles, overlooking 
the smaller ones, however, have concluded that the gland is definitely 
lobulated. 

The Thyroid in E.xophthalmic Goiter — In the wax plate reconstruc- 
tion of a portion of the thyroid gland from a case of exophthalmic 
goiter the same technic was followed as described for the normal gland. 



Fig. 29 — Top view of completed model of exophthalmic thyroid, X 4b Com- 
pare with figure 28 

The only difference lay in the method of the selection of the microscopic 
field for reproduction in wax. An area was chosen which apparently 
consisted of a group of follicles completelj' surrounded and isolated by 
fibrous connective tissue This area tvas similar to those which in the 
majority of textbooks on histology are referred to as a “lobule.” Further- 
more, this microscopic field was located in a section toward the middle 
of the series so that one could build up or down in the series and 
follow this localized area through to its conclusion. Figure 27 is a 
photograph of the microscopic field reproduced on a bromide plate 
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transposed into ^vax casts of the follicles enclosed in the fibrous septmns. 
The hitter were not included in the tracing onto the wax but all the 
follicles enclosed were included so that the external form o e mo e 
corresponds to the course of the fibrous envelope in the substance of 
the gland. In this way any tendency on the part of the fascia to become 
attenuated and fade out or to disappear into the surrounding paren- 
chyma is evident in the sections and manifested in the model by the 
widening or spreading out of the original follicular grouping into a 
larger or rather branched group. The original small group of follicles 
circumscribed by the fibrous septums would become connected with 
contiguous parench 3 'matous areas; the latter in turn incompletely 
enclosed between other fibrous connective tissue bands would form con- 



Fig. 30. — Profile view of iintouched wax model of the thyroid from the case of 
exophthalmic goiter. The external contour of this model demonstrates the tendency 
of the parenchyma of the gland to branch into other regions by attenuation and 
-Spreading out of connective tissue septums. Wire struts support these offshoots 
or connecting bars of parenchyma ; X d4. 

ncctions with still further regions of parench^una and so on ad infinitum 
as shown in the dissected specimen. Figure 27 illustrates the variations 
in shape and size encountered in the wax reproduction of the internal 
form of the follicles of the average section of the thyroid in exophthal- 
mic goiter. This section was taken from the middle of the series and 
portrays the small group of follicles enclosed in the connective tissue 
envelope. When compared with figure 6, a similar photograph of the 
normal gland, it is at once evident that the average diameter of the 
follicles is nmeh increased in tlie exophthalmic gland. The irregularities 
in contour clue to infolding of the epithelium are also evident. Figure 28 
is a top photograph of the model a little more than half completed. 
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The orientation lines on the glass base and scratched in the wax of the 
model may be seen as well as the fusing holes caused by piercing the 
wax models with the electrically heated needles. In the upper portion 
of the photograph may be seen the apexes of some follicles which have 
been completed at a lower level than the top plate of the model. These 
suggested a plateau, quite a distance below the top section of the model. 
The latter wax plate represents a section of the series a little more 
than half way through the middle of the model, and the outside edge 
or margin of this middle section corresponds with the position of the 
fibrous septums enclosing the follicles at that level in the gland and on 
the model. This also applies for each section. The shape of the 
model, therefore, exemplifies as a whole the form of the region of 
parenchyma enclosed by the septums. About the middle of the model 



Fig. 31. — Another view of the profile view of the concluded but untouched 
model from the case of exophtlialmic goiter. Note the spaces between the follicles 
and the stair-step appearance due to the piling of the plates; X 44. 

the transverse area of follicles completely enclosed by the connective 
tissue bands is less in diameter than at any other level in the series. 
As will be noted in figures 28 to 31 inclusive, there is an irregular 
enlargement of the model at both the top and bottom. This is due to 
an increase in the number of follicles within the circumscribed area of 
connective tissue, or in other words to an enlargement of the space 
enclosed by these septums due to their separation or spreading apart. 
In figures 28 and 31 the low'er plateau formation, in the upper portion 
of the photograph, is due to the increase in the size of the original 
group of follicles as the septums gradually fade out into the small strands 
of interfollicular connective tissue. At the top level in the lower por- 
tion of the photograph can he seen the tendency of one corner of the 
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,„odel to spread out from the original shape- A top ^dew of the 
fuiished model shown in figure 29 demonstrates this branching out, 
ln„l<]ing or s]ireading of the parenchyma very well. The profile views 
„f the iintonchecl model emphasize the tendency of the so-called 
‘■lolniles- or original group of follicles to spread out and become 
joined witii other regions as shown m figures 30 and 31. Wire struts 
were necessary to support these oft-shoots of follicles. The narrowest 
region of tlie model is toward the middle, and it was here, in the stained 
sections, that the encircling fibrous connective tissue septums stood out 
most strikingly and completely surrounded the smallest group of 
follicles, lust as illustrated by the model, as one progresses from the 



Ids'. it2.— Dr.iwing to swlc of the hnished model of the thyroid in exophthalmic 
soiler. Com])arc with figure 26, uhich is the completed model of the normal 
thyroid gland. The irregularity in sluipe and the much larger size of the individual 
follicle' of exophthalmic goiter as compared with the normal arc at once evident 
niul the prepoudcraucc of small follicles in the normal thyroid is striking when 
compared wills the .'diiio.st total ni)scncc in the exophthalmic gland. Indentations 
of the wax model of the case of exophthalmic goiter are due to papillomatous 
infolding of the epithelium ; X 75. 

middle of the series toward either cud. in looking at the stained sections, 
the fihrous septums become thinner, less pronounced and at the 
‘^anie time spread ftirther apart. Concomitantly, they enclosed a greater 
miinher of follicles until there is such an attenuation and fading of the 
.^epmms (hat they are rcducetl at certain points to small strands indis- 
tmgui'h.ihle from the interfollictilar connective tissue. It is at these 
poim- dial there i.s a junction of the primary trunk of parenchyma 
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with Other portions of the gland. The connecting bars are shown in 
the model as the projections of groups of follicles mentioned. From 
this it is evident that the apparent lobule of parenchyma of the thyroid 
completely surrounded and isolated by the bands or septums of con- 
nective tissue was an illusion, for if the model, and especially the 
stained serial sections are examined, it is at once evident that the con- 
nective tissue septums traverse the parenchyma of the gland in a very 
irregular manner and do not separate the thjToid into lobules. In the 
model of the thyroid tissue from a case of exophthalmic goiter, as in 
the case of the normal thyroid, there was no evidence of lobulation. 
Figure 32 is a drawing to scale of the finished model of the thyroid in 
exophthalmic goiter. The drawing was made at an angle that would 
permit a portion of the top of the model to be drawn, so that a trans- 
verse and longitudinal view of some follicles was obtained. The follicles 
have been smoothed off as in the model of the normal gland. It is 
again to be recalled that the wax casts shown correspond to the internal 
form of the follicle and the hollow indentations are due to the 
papillomatous infoldings of the epithelial lining into the lumen of the 
follicle. The follicles are on the average larger than tiiose of the normal 
gland and their internal surface is relatively much more irregular. This 
irregularity is well shown in both the lateral and the top view. There are 
a few small follicles, but they are most conspicuous by their great 
diminution as compared with those of the normal thyroid (figs. 6 and 
26). The magnification of both the normal and the exophthalmic models 
was 75 times. The internal shape of the follicles as seen in figure 32 
varies a great deal but all are more or less spherical or spheroidal. 
Some are more flat and narrow, others rather shorter and of a greater 
diameter. Apparently the follicles in the center of the group are less 
flattened than those immediately adjacent to the connective tissue bands. 
There was no evidence of any outpouchings or pseudopodial-like pro- 
trusions of the follicles. They were all separate and distinct units 
completely disconnected. No tubular forms or coiled tubules were 
encountered in this model. There were no interacinar fetal cell rests or 
islands of epithelial cells disconnected or disassociated with the paren- 
chyma of the thyroid. This point was again carefully checked in the 
series of sections 20 microns in thickness from which the wax model 
was made and also in another series cut from the same gland at a 
thickness of 10 microns. 

COAiaiENT 

Lalouette,=' in 1750, first called attention to the minute structures of 
the thyroid gland by stating that the vesicles seemed to communicate 

3. Lalouette, cited bj- Boechat: Rechercbcs anatomiques sur la glande thy- 
roide. itemoires de mafhematiqiies et de physique presentes a I’academie royale 
des sciences (sai’ants etangers) 1:159, 1873. 
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each other. Later, in 1836, Jones'* descrihal t\ic thyroid {oUicks 
in considerable detail as completely closed vesicles. Bardclehcn,- in 
l&ll, also concluded that the adult thyroid follicles were completely 
isolated structures. In spite of these two contributions the majority ot 
observers, such as Cruveilhier,' Virchow,' Bocchat.‘ Zeiss,'' and Ilitaig.’^ 
followed Lalouette “ in describing the follicles as forming a systcni of 
branched and communicating cavities within the gland. Thc-'C opinions 
were all based on relatively inexact methods including observations on 
microscopic sections which were not cut in scries. Such observations 
made on isolated sections of the gland were misleading and allowed of 
a great latitude of opinion which varied with per.'onal interpretation. 
Streiff,” in 1897. was the first to employ an exact method when he 
adopted the technic of Born or the wax plate reconstruction method 
for the study of the nonnal human thyroid. He concluded that both 
isolated vesicles and branching forms occur in the norma! tin-roid 
although these vesicles do not form a system of communicating cavities 
throughout it. He found that the follicles were ovoidal or spindle- 
shaped, but that branched forms due to budding or secondary fusion 
were also encountered. Streiff “ modeled only a few individual follicles 
separately, and did not investigate their relation to each other or to the 
gland as a whole. He used the inner epithelial margin of the follicle 
in tradng the outline of the vesicle on the wax so that his conclusions 
as to the shape of the follicle are based entirely on the internal and not 
on the external form. In 1923, Williamson and Pearce conjectured 
that the thyroid organ consists of two lateral lobes joined by an isthmus. 
They stated; 

The lobes of the thyroid are composed of an aggregation of lobules lying in 
the meshes of the interstitial tissues of the organ. The parenchyma of the lobule 


4. Jones, C. H., in Todd: Cyclopaedia of .-ynatomv and Phvsiologs- vol 4 

pp. 1102-1118. ■ - . . . 

5. Bardeicben, S., cited by Zeiss : Obsemationes microscopicac de glandu- 
larum ductu excretorio carentium structure deque earundem functionibus experi- 
menta, Diss. Inaug., Berlin, 1877. 

6. Cruveilhier, Glande thyroide. in Traite d’anatomie descriptive, ed 2 

Paris, vol. 3. ’ 

7. Virchow, R.: Die krankhaften Gcschwulste, vol. 3, part 1. 

8. Boechat, P. A. : Structure normals du corps thyroide. These, Paris, 

9. Zeiss, O..- Mikroskopische Untersuchungen fiber den Ban der Schilddrfise 
Diss., Strassburg, 1877. 

10. Htoig, dted b> Streiff: Beitrage zur Histologic und Histogenese der 
Struma, Diss., Zurich, 1897. 

11. Streiff, J. J.; Ueber die Form der Schilddrfisen Follikel des Menschen 
Arcb. f. mikr. Anat., vol. 48, p. 579. 

• M ^ Structure of the Thvroid Organ 

m Man, J. Path. & Bact. 26:459, 1923. ' ® 
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is divided up by loose strands of fibro-elastic tissue into a series of well defined 
functional areas or gland units. The fibro-elastic tissue forms a capsule which 
completely circumscribes each gland unit and carries the intralobular blood and 
Ij'mph vessels. . . . The loose fibro-elastic tissue capsule of each gland unit 
is lined by a pavement endothelium. The serous cavity so formed is directly 
continuous with the intra-Iobular lymphatic channels. . . . The epitheiiiim of 
the gland unit appears in the sinusoidal space as long cylindrical columns. Gen- 
erally these twist and turn in various planes to accommodate themselves to the 
circumscribed area of the sinusoid. . . . Concisely stated, therefore, tlie func- 
tional gland unit of the thyroid organ is essentially a lymphatic sinusoid in which 
float columns of epithelium enmeshed by a highly specialized plexus of blood 
capillaries. 

Williamson and Pearce,*- b}' reverting to the inexact methods of the 
early observers before the time of Streiff,** fell into the same pitfalls and 
traps by drawing conclusions from the examination of occasional and not 
of serial sections. They assumed a lobulation of the gland which does 
not exist, and there is no evidence of an}' coiled cylindric columns in a 
lymphatic sinusoid in either the dissected or the reconstructed specimens. 
However, despite their errors, they deserve a great deal of credit for 
stirring up new interest in the subject, and their work exercised ^vliat 
may be termed an enzymatic action. Wilson, *“ in 1927, reported his 
observations on the thyroid follicle in man in the normal and pathologic 
conditions and successfully refuted the assertions of Williamson and 
Pearce.*- He employed the reconstruction in wax previously originated 
by Streiff ** in 1897. Wilson** corroborated Streilf’s ** observations 
for the normal thyroid follicle, but went further and modeled a few 
individual follicles from a hyperplastic and also from a colloid gland. 
Streiff ** had selected the follicles he modeled from entirely different 
regions of the microscopic section. Wilson’s ’* models contain a few 
more, from ten to twenty, follicles selected from a block of th}'roid tissue 
from 0.3 to 0.6 mm. in dimensions. Although this number is slightly 
greater than was contained in Streiff’s ** reconstruction, it seemed 
to me preferable to include all the epithelial structures in a larger and 
more representative area of the gland by using a larger block of thyroid 
tissue. And further, it w'as decided to reconstruct all the follicles in 
that region in their exact relation to each other and not be satisfied 
to include so few as ten or twenty follicles from a given area. The 
study of only a certain number of follicles from an area, instead of all 
follicles or epithelial structures large and small occurring in that region, 
gives a less accurate impression of the variation in their size. Again, 
when the small follicles are eliminated in favor of the larger ones, one 
gets an entirely different impression of the composition of the paren- 
chyma of that area. Wilson.** as well as Streiff.** made the drawing 

13. Wilson, G. E.; The Thyroid Follicle in ^ran; tfs Normal and Patho- 
logical Configuration, .'Vnat. Rec. 37:31 (Nov.) 1927. 
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for the model from the inside of the follicle, the free nmrgin of the cells 
being used as a guide line. The former said: “Tins method has been 
followed, because it separates the follicles sufficiently to permit them 
entire extent to be seen, yet preserves their actual shape.’ But this, 
of course, revealed only the internal form of the follicle, which Streifi,” 
and later ^Yiison,^^ erroneously interpreted as the external shape. I'or 
this reason conclusions as to the budding, constriction, fusioii or division 
of the follicles made first by StreiiT ” and later by Wilson’’’ arc 
incorrect, because they are based on the internal instead of the external 
shape of the follicle. As shown in ibis study by a comparison of the 
wax models, the internal form of the follicles, and the dissected speci- 
mens, or external forms of the follicles, differ widely in shape. Rela- 
tively few. if any. irregulanties in the external contour of the follicles 


were observed. There was no evidence of budding, fusion, constriction 
or division of the follicle when seen and examined in its entirety. 
W^hen only the casts of the inside of the follicle were studied, as in the 
wax reconstructions, many pronounced irregularities were seen, but 
such internal irregularities have no significance as to the activity of 
the unit or vesicle in the formation of new follicles. The only signifi- 
cance which can be attributed to the irregular internal shape is an 
increased proliferation and growth of the epithelium into the lumen of 
the follicle. 

The great preponderance of small follicles in the wax model of the 
normal gland as well as in the dissected specimens, in projiorlion to 
large ones, is suggestive, at least, that the thyroid tissue is completely 
differentiated in the adult, and after puberty the number of follicles is 
probably not increased by the growth of secondary vesicles from pri- 
mary follicles. The small follicles would seem to form a reserve 
supply of parenchyma which, when called on to function, does so by 
an increase in size due to hypertrophy and hyperplasia of the epi- 
thelium This is further borne out by the lack of evidence of any 
new follicle formation, such as budding and division, in the smooth 
external contour of the dissected follicles and also the pronounced 
decrease in the proportion of small to large follicles in the exophthalmic 
gland. Whlson,^” although having sectioned a small block not more 
than 0.3 and 0.6 mm. in thickness, said : “The dotted line in figure 4 
represents the connective tissue septum enclosing the lobule," and went 
on further to discuss “the lobules.” As shown by the reconstruction 
of a much larger (4 mm.) block, in this study, areas apparently com- 
pletely surrounded by fibrous connective tissue septums, and thus form- 
ing a lobule, appear to exist only apparent for a few sections and are 
thereafter an illusion. In the reconstruction of the gland in exoph- 
thalmic goiter the fibrous septums were used as guide lines, and it was 
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demonstrated that the septums, In progressing through the gland, 
became separated, divided and attenuated and finally blended with 
the interfollicular fascia. In no instance in the wax reconstruction 
or the microdissections made was there the slightest suggestion of a 
lobulation of the gland. The group of follicles apparently surrounded 
by connective tissue always widened out and spread into other regions 
of parenchyma as a result of the irregular ramifications of the septums, 
so that the apparent circumscription of an area of parenchyma was 
always found to be an illusion. I am convinced, therefore, that the 
larger 4 mm. block of tissue cut serially in sections 20 microns in 
thickness reveals the error which may be made from conclusions based 
on evidence obtained from serial sections of too small a block cut 
10 microns in thickness. A block of tissue of this size is not large 
enough to include a sufficient amount of gland to justify an opinion 
on the architecture of the thyroid as a whole. 

It seems evident, then, that all of these investigations in the past 
have been concerned chiefly with the individual follicle and that in 
them the internal form of the vesicle has been considered the external 
form or true shape. As a result of this mistake conclusions as to the 
continued formation of new follicles in the adult, based on irregularities 
in the form or shape of the follicles reported in the past, are incorrect, 
because these irregularities occur only inside the follicle. The absence 
of these irregularities from the smooth, regular external form of the 
follicles, when dissected out in their entirety, would rather suggest that 
the probable growth of the gland occurring in the adult is due to 
the enlargement of follicles already formed ratller than to the develop- 
ment of new or secondary ones. 

Julius Casserius “ was the first to describe the thyroid as a simple 
organ consisting of two parts. Bartholomaeus Eustachius later 
described the organ as single, and gave to the structure joining the 
lateral lobes the name of isthmus. Since that time until the present 
there have been no reported studies on the structure of the entire gland 
and the character of the regions into which it is divided. As shown 
in this study, the lobes of the thyroid are irregularly broken up into 
regions or areas of tissue which are all joined together by connecting 
or annectent bars of parenchyma. In other words, the thyroid gland 
is divided, separated or honey-combed by an irregular system of com- 
municating Cavities which ramify all through it and until the gland is 
dissected these cavities are filled with tissue of mesenchymal origin 
and nerves. 

14. Casserius, Julius: De vocis aiuiitusquc orgaiiis liistoria anatomica, Fer- 
raria, 1600-1601. 

15. Eustachius, Bartholomaeus: Tabulae anatomicac, Romac, 1714. 
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The parenchyma of the thyroid consists of large areas in the shape 
of bands, plates, bars, stalks and bulbs which are joined together by 
connecting arms, annectent bars or slender twiglike processes of thyroid 
tissue. These areas, in turn, are composed of individual discontinuous 
spheroidal or ovoidai follicles which are held together in a network of 
fibrous connective tissue. Blood, lymph vessels and nerves ramify in 
this network of interfollicular supporting tissue. There is not the 
slightest suggestion of a true lobulation of the thyroid gland ; there 
is only a mass of thyroid tissue which has been irregularly broken 
up by a complex system of cavities later filled with mesenchymal tissue. 
An embryologic basis for this rather unusual manner in which the 
thyroid is subdivided has been shown by Norris'® in his study of tlic 
human embryo. After complete separation of the thyroid from the 
phar 3 mx the gland grows rapidly and forms a bilobed platclikc mass, 
thick and irregular, ventral to the trachea ami in a plane parallel to the 
long axis of the body. At this stage, in 7 mm. embryos, the primordium 
is usually from about five to six cells thick in cross-section, and. accord- 
ing to Norris.'® there appear in this gland mass a number of com- 
pletely closed cavities, at first tiny clefts, which suggest that the cells 
about them had pulled apart and they had apparently resulted from 
cracks or splitting of the tissue. These cavities increase in sir.e and 
are brought more closely together. They vary markedly in shape, size 
and general position in the same and in different fetal thyroids. They 
have no visible content, but possess a distinct sharp outline. As growth 
continues these cavities become confluent, and finally as they open to 
the outside the)" are invaded by the adjacent vascular mesenchyme. 
The gland mass which was at first a solid body in the embryo is trans- 
formed into one that is hollow and the cavities of which are surrounded 
by epithelial plates. As a result of this process the gland comes to be 
made up of smooth epithelial platelike regions of parenchyma which 
unite freely with each other and ultimately come to form an extremely 
complex structure. Later, additional plates are formed by a process of 
budding and growth from plates created primarily in the initial breaking 
up of the gland mass. This transformation has occurred in the pre- 
follicular stage. The morphogenesis of the thyroid follicles of the 
chick has been reported (1929) by W. Bradway," who corroborated 
the observation on the human embryo made by Norris '® in stating : 

% growth of cells and differentiation, the original impaired anlage becomes 
two solid bodies which, at the end of six days, contain nonfollicular spaces into 
winch the mesoderm enters. At the end of eight days each glandular body has 
oecome a fenestrated labyrinth of parenchyma two cells thick. 


16. Norris, Edgar H.; Am. J. Anat. 4:443, 1918, 

17. Bradway, Winnefred: Abstract no. 2216, Wistar Institute Bibliouranhir 

Service, no. 114, Feb. 28, 1929, to appear in Anat. Rec. i^'61'ograph.c 
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From this study it would seem that the irregular subdivision present 
in the human embryo persists into adult life. It was found that the 
greatest variations in shape and size occurred not only in the subdivision 
of the same gland but also in that of different ones. 

It is interesting to note how, when once entrenched in the text- 
books, a statement is handed on for a long time unchallenged. In 
1883, Wolfler described rests of fetal cells between the follicles which 
he thought persisted into adult life and later gave rise to tumors or 
neoplasms of the thyroid gland. These have been referred to as inter- 
acinar, intervesicular as well as interfollicular cell rests. Wolfler 
examined only isolated sections, rather thick and poorly stained, for 
the technic of cutting sections in series was not known at that time. 
It is, therefore, quite comprehensible that Wolfler’s methods were 
inexact and his conclusions inaccurate. In the present study after 
a most meticulous examination has been made of two series of sections, 
one cut 10 and the other 20 microns in thickness from both the normal 
thyroid and the gland taken from a case of exophthalmic goiter, not 
the slightest evidence of cell rests, either fetal or adult, between the 
follicles could be found. Only completely differentiated epithelium was 
encountered in the thyroid, and further, the only epithelium found was 
associated with some follicle presenting the normal appearance and 
arrangement of the adult thyroid parenchyma. The only possible 
explanation of a manner in which such a misinterpretation as Wolfier’s 
could have occurred and also for the persistence of the same mistake as 
shown by many, even recent, articles is that a tangential section 
through the dome of an underljdng follicle sometimes gives the impres- 
sion of a group of disconnected epithelial cells. As a matter of fact, 
if the section is one of a series, it can be proved that the disconnection 
of the epithelium is only apparent and that the next section shows them 
associated in the formation of a follicle. It is believed, then, that this 
study justifies the conclusion that there are no such epithelial or fetal 
cell rests in the thyroid gland, whether it is normal or whether it comes 
from a case of exophthalmic goiter, and that the persistence of any type 
of fetal tissue in the adult thyroid does not occur. 

18. Wolfler, A. : Ueber die Entwicklung und den Ban des Kropfes, Arch. f. 
klin. Chir., 1883, vol. 29. 



THE GALLBLADDER 


ITS FUNCTIONS AND SOME OF THEIR DISTURBANCES IN THE 
LIGHT OF RECENT INVESTIGATIONS * 


BfiLA HALPERT, M.D. 

CHICAGO 

The purpose and functions of the Iiiliary vesicle arc still debated 
problems (Mann,* Haherland,= Rost,= Liitkens,' Chiray and Pavel,'' 
Pfuhl,“ Westphal and Schonduhe,' Boyden,* Blond," Babkin,*® Kdrtc,’* 
Moynihan,*® Lyon,*® Whitaker,** Roileston and McNcc*®). The view 
most widely accepted regards the gallbladder as a reservoir the function 
of which is to supply concentrated bile whenever there is call for stich in 
the intestine. This traditional concept, however, as may easily be 
gathered from the literature, does not provide the best explanation for 
such phenomena as the formation of biliary concretions and hydrops of 
the gallbladder, nor does it account for the occasional absence of clinical 
signs or symptoms in the presence of gallstones, and the not infrequent 
occurrence of typical signs and symptoms of cholelithiasis in the ab.'^ence 
of concretions. 

The appreciation of this fact, i. c., that the current notions of the 
function and dysfunctions of the biliary vesicle were difficult to har- 
monize with a number of well established clinical observations, was 
perhaps the principal reason that induced the German Surgical Society 
in 1923 to have a symposium on the gallbladder at their yearly congress 
in Berlin. John Berg, the Nestor of the Scandinavian surgeons, author *® 
of a new theory of the function of the gallbladder, was to deliver the 
opening address. This appeared in the transactions of the society,** 
but was not presented because of the author’s illness. Aschoff, who took 
his place, summarized the state of knowledge of the subject.*® His 
address is included in the volume of lectures which he delivered in this 
country in 1924.*® On listening to this address, one was struck by the 
emphasis that he laid on the resorptivc powers of the gallbladder mucosa. 
His statements were based not so much on work in his own laboratory 
as on the experimental results of Rous and McMaster of the Rockefeller 
Institute.®® The work of these authors marks the commencement of a 
new epoch leading to the present better understanding of some of the 

^ Submitted for publication, June 20, 1929. 

* From the Department of Pathology and the Otho S. A. Sprague Memorial 
Institute, University of Chicago. 

.1 ^ **’e«hng of the New York Pathological Society, Affiliated with 

Ine iscw iork Academy of !Medicine^ Maj- 2 , 1929. 
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principles underlying the functions and dysfunctions of the biliary vesicle. 
When their experimental results were evaluated, it became clear at once 
that disturbance of the resorptive function of the gallbladder was the 
factor leading to stagnation of bile in the viscus, and not obstacles of a 
mechanical nature hindering free in and outflow — that is, the exchange 
of bile in the biliary vesicle — as was formerly advanced by Aschoff and 
Bacmeister.^^ Thus, the concept of one of the generally accepted funda- 
mental causes of the formation of gallstones — biliary stasis in the gall- 
bladder — suffered a rather radical change. 

Much impressed by the bright light thrown on the subject by this 
sudden discovery, I reconsidered the morphologic data and some of the 
experimental and clinical observations that I had collected from 1921 to 
1923. This resulted in my becoming thoroughly convinced that the old 
conception of the function of the gallbladder was inadequate to explain 
its dysfunctions, and I began to question seriousl}' whether the bile which 
once entered the gallbladder ever left it again through the cystic duct. 
Believing that, after three years’ study of the biliary system, I had suffi- 
cient data to justify a new suggestion concerning the function of the 
gallbladder, I presented the idea in February, 1924, before the Society 
of German Physicians in Prague.^- 

Sweet in Philadelphia delivered a Mutter-Lecture in December, 1923, 
entitled “The Gallbladder ; Its Past, Present and Future.” In this lec- 
ture, which was published six months later. Sweet advanced much the 
same idea as mine, i. e., that the bile which once has entered the gall- 
bladder does not under ordinary conditions leave it again through the 
cystic duct, but is resorbed by the mucous membrane of the biliary vesicle, 
and the constituents then returned by the way of the veins and lymphat- 
ics into the liver and the general circulation, respectively. While both of 
us agreed that the bile entered the gallbladder not to be stored there and 
in time expelled but to be resorbed in toto by the gallbladder mucosa, our 
interpretations as to the service rendered by the gallbladder through this 
function were somewhat different. According to Sweet’s conception, the 
main function of the gallbladder was to play a part in the cholesterol 
metabolism. It is of interest to recall in this connection that Virchow 
was the first, in 1846, to notice the presence of lipoidal substances in 
cells of the gallbladder mucosa. He regarded these cells later (1857) as 
being concerned in the intermediate metabolism of fats, considering a 
part of the fat of the bile to be resorbed by the gallbladder mucosa. Thus, 
Virchow concluded about seventy years ago that “the gallbladder is not a 
mere reservoir but has a further function, for through it fats find an 
intermediate passageway back into the circulation.” 

My conception was that the gallbladder performs at least two main 
functions: first, the return of important constituents of the bile into 
the circulation, and second, by the resorption of bile, the relief and 
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regulation of the pressure within the biliary system while the sphincter 

oHhe ductus choledochus is closed. _ 

This was, then, the state of affairs about the beginning of 1924, when 
cholecystography was still in the hands of the discoverers and, indeed, 
in an early experimental stage. Cholecystography, the ingenious inven- 
tion of Graham and Cole for rendering the gallhladtler content opaque 
to the roentgen rays, opened a new field for the study of the function of 
this organ and quickly became a most valuable addition to the list of 
indispensable methods of clinical diagnosis. It would lead, however, too 
far afield to review, and perhaps it would lie too early to evaluate, the 
wealth of accomplishment since cholecystography became a routine 
clinical procedure.-“ Nevertheless, it may be said that in spile of the 
refined technic in producing shadows and estimating the amount of the 
content of the gallbladder ,=■ most of the problems in regard to 
the function of this organ are still under active discussion. One inves- 
tigator, Blond of Vienna, recently emphasized the fact that inter- 
pretations of the results of cholecystography arc easier and the 
manifestations less contradictory if it is assumed that the bile enters tlic 
gallbladder not to be stored there and in time expelled, but to be resorbed 
in toto by the gallbladder mucosa. With this I agree. The fact that 
bile may and does leave the gallbladder occasionally in small quantities 
does not invalidate this conception. Nor do the experimental results 
of Boyden,^“ 'Whitaker,^'’ Higgins and Mann,“^ Hamrick,”- Ivy and 
Oldberg^^ and others make it untenable. It has been shown by these 
authors that the gallbladder can be made to expel some of its content, 
and they have demonstrated the actual passage of certain ojiaque sub- 
stances from the biliary vesicle into the duodenum. This, however, is 
far from proving that the gallbladder empties most of its content 
through the cystic duct under ordinary conditions or that its function 
is to do so. In an evaluation of experimental results of this kind, the 
possible anatomic variations of the neck of the gallbladder, of the 
cystic duct, and in man, also, particularly of the folds of Heister,^^ 
must be taken into 3000001 .=*= These structures, as will be shown later, 
are the ones entrusted with the control of the passage of bile toward the 
gallbladder. Their arrangement is such as to indicate that their func- 
tion is to regulate the inflow and to hinder or prevent the outflow. 


MECHANISM OF GALLBLADDER 

The mechanism of the flow of bile into the gallbladder may perhaps 
e considered first. Coming from the hepatic ducts into the ductus cho- 

Su I an into the 

gallbladder or through the opening of the papilla of Vater into the 

pedoS; duodenum is only 

periodically open, whereas the passage toward the gallbladder is alwavs 
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open. However, the bile has to make its way through a twisted tube 
which has a s)'stem of spiral-Hke folds narrowing its lumen. What is 
the force that drives the bile through the narrow cystic duct into the 
gallbladder in spite of the alternately arranged protruding folds of 
Heister ? 

Through a hole in the gallbladder wail caused by a needle-prick, bile 
escapes abundantly, indicating pressure within. As soon as the cystic 
duct is ligated, the flow decreases, showing that the pressure is more 
likely due to hydrostatic pressure within the bile ducts than to tension 
of the gallbladder wall, the contraction of which would tend to close 
the opening and stop the flow. In a pipet connected with the can- 
nulated ductus choledochus of an anesthetized rabbit, the bile column 
may be observed to move forward only during inspiration. From this, it 
appears as if the pressure exerted on the liver during inspiration might 
be the force driving the bile into the gallbladder. When the entrance 
into the duodenum is closed, the bile ducts and the gallbladder form a 
Y-shaped communicating vessel of which the ductus choledochus is the 
stem, the common hepatic duct the one branch, and the cystic duct the 
other (fig. 1 ). The roots of the hepatic ducts being filled with bile high 
up to the smallest intrahepatic bile ducts, the fluid when pressed on will 
escape through the cystic duct into the gallbladder. It seems, then, as 
if the muscular coat of the gallbladder, the curves of its neck and the 
narrow cystic duct with the complicated folds of Heister were arrange- 
ments that compensate for pressure changes in the hepatic ducts. 

It is in accordance with this that bile or any other fluid, injected with 
a slight pressure into one of the bile ducts, at any place above the 
duodenal portion of the ductus choledochus, first fills up the hepatic 
ducts and the ductus choledochus and then the cystic duct and the 
gallbladder. Before the gallbladder becomes much distended, the fluid 
enters the duodenum. But if there is a hole in one of the bile ducts, 
the injection of the gallbladder from the ducts does not succeed; the 
fluid passes through the hole, and neither the gallbladder nor the 
duodenum receives any. This is true for man or for animals tested, 
alive or dead. 

From these experiments, simple as they are, it is safe to conclude 
that when the duodenal end of the ductus choledochus is closed, pressure, 
perhaps that exerted on the liver during inspiration, forces tlie bile into 
the gallbladder. The anatomic arrangement of the cystic duct with its 
heisterian folds and the curves of the neck of the gallbladder regulate 
the inflow of bile, whereas the muscular coat of the gallbladder prevents 
overdistention and produces adjustment in size at all times to the vary- 
ing content. The latter statement, i. e., that the eliief function of the 
muscular coat of the gallbladder is to prevent overdistention and to 
produce adjustment in size to the varying content and not. as is generally 
held, the emptying of the viscus, needs further elaboration. 



HALPERT— GALLBLADDER 


1041 


If fluid is injected into the gallbladder with a syringe, the visciis 
first stretches to its maximuni capacity, and while the resistance of the 
heisterian folds is successively overcome, one by one, the fluid jnisses 
through the cystic duct. Any surgeon or pathologist of cxjrcriencc can 
tell how difficult it frequently is to squeeze bile out of the normal gall- 
bladder* If at necropsy the biliary vesicle is removed and freed of its 
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eccentrically situated and leads into the upper limb of the S-shaped turn 
of the neck. At the lower limb of the S-shaped turn, a second fold 
narrows the lumen. Here the neck continues into the cystic duct, which 
tapers gradually toward its junction with the common hepatic duct 
(fig. 3). The crescent-like folds protruding into the lumen of the 
cystic duct are apparently arranged in a fashion to act as a system of 
“one way valves”: they permit the inflow but prevent or hinder the 
outflow of bile from the gallbladder. The topographic relations and the 
structure of the gallbladder lend further support to this idea : the longi- 
tudinal axis of the gallbladder runs nearly parallel to the vertebral 
column ; the tip of the fundus is lowermost and lies usually on a lower 



Fig, 2— The first fold of Heister. The commencement of the neck of the 
gallbladder is marked by the first fold of Heister, which is a thin semilunar 
membrane narrowing the lumen to less than a third of its original diameter. The 
orifice is eccentrically situated (drawing of a specimen of Dr. Sweet). 



Fig. 3 — Heister’s illustrations of the neck of the gallbladder and the cystic 
duct. They show that Heister’s conception of the anatomy of these structures 
was clear. 

level than the papilla of Vater; furthermore, half of the surface of the 
body of the gallbladder is attached to the liver. Under these conditions 
the muscular coat would have to empty the gallbladder against the 
hydrostatic pressure of its own content, as well as force the bile through 
a small opening against the resistance offered by the curves and folds 
of the neck and the cystic duct. 

The actual strength and arrangement of the muscular coat of the 
gallbladder, the history of its development and its behavior when it 
hypertrophies under stress are all in favor of the assumption that empty- 
ing of the viscus is not the function of the muscular coat. Genetically) 
the muscular coat of the gallbladder is probably a muscularis mucosae. 
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In favor of this view are : the absence of a submucosa, the closeness of 
the muscularis to the lining epithelium (fig. 4 ), its comparatively late 
appearance in the development and also the fact that some of the glands 
occurring in the neck of the gallbladder penetrate the muscularis just as 
Brunner’s glands perforate the muscularis mucosae of the duodenum 
(fig. 5). The thickness of the muscularis varies considerably in differ- 
ent gallbladders and also in different parts of the same gallbladder. 
Usually there is a gradual but definite decrease toward the fundus and 
a slight increase toward the neck (figs. 6 and 7). Approaching the first 



Fig. 6. — Longitudinal section of the distal half of the gallbladder of a female 
infant 38 daj'S old; X 5. The muscular coat is thinner about the fundus than 
in the middle portion. 

heisterian fold the muscular coat becomes thinner, and the arrangement 
into inner, rather longitudinal and outer circular or oblique bundles 
seems to become disorganized. The bands of muscle fibers about the 
base of the heisterian folds and curves of the neck were interpreted by 
Littkens ‘ as a “collum-cysticus sphincter,” which of course does not 
exist. 

It should be added to all this that in some animals a contraction 
capable of bringing the mucosa of opposite sides into contact with one 
another is altogether impossible because of the structure or the topog- 
raphy of the gallbladder. In the two-toed sloth {Cholocpus Iwff- 




halpert-gallbladder 

for example, on that side of the gallbladder which 
to the liver the muscularis is missing in some places and scant m othcis 
as compared with the relatively large amount of musculatme on 
peritoneal side, which, however, comprises only one third of the circum- 
ference of the viscus (fig. S). In most rhesus mon^^ys about Uvo 
thirds of the entire surface of the gallbladder is embedded m the liver 

(figs. 9 to 11). 

The cat’s gallbladder is often of a peculiar shape, having two or 
more fundi, some of which may be lodged deep in the substance of the 
liver In Boyden’s-’’ series of more than 2,500 cats, one m eight 



Fig. / — Longitudinal section of the fundus of the gallbladder of a 57 year old 
woman ; X 5. The muscular coat is liypcrtropliied and is thinnest about the dome 
of the fundus. The mucosa is seen to dip down between the muscle bundles 
forming deep outpouchings toward the external layers of the gallbladder : 
“Rokitansky-Aseboff sinuses” (see fig. 17). This gallbladder contained a number 
of “uii.xcd gallstones.” The size and shape of the viscus was about normal; the 
wall, however, appeared thickened. Microscopically, a cellular infiltration was 
noted in the subepithelial layer, in the intermuscular septums and to a lesser 
degree, also, in the perimuscular layer. The muscularis, which is hypertrophied, 
appears somewhat edematous. A slight edema is noted also in the rest of the 
layers, especially in the perimuscularis. 


possessed some form of accessory gallbladder (fig. 12). Each of two 
lions that I bad an opportunity of examining had bilobed gallbladders.®' 
In the dog the lobes of the liver surrounding the free surface of the 
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were usually from 2 to 46 mm. high, equivalent to the displacement of 
from 0.1 to 2.3 cc. of Locke’s solution, and appeared at a rate of about 
1 to 3 per minute. It was found that when the fluid content of the 
viscus was raised or lowered a change was registered, but soon adjust- 
ment occurred and the curve returned to the previous level and resumed 
its former shape (fig. 15). 

It is known that the muscular coat of the gallbladder hvpertrophies 
under stress. On such gallbladders dilatation of the cystic duct, exag- 
geration of the curves of the neck and the “relative insufficiency” of the 
heisterian folds are constant and conspicuous (fig. 16), but it is the 



>■ 
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Fig 11. — Transverse sections of the same gallbladders at levels marked are 
shown, illustrating that from two thirds to four fifths of the entire surface of 
the gallbladder is embedded in the liver. 


presence of numerous hernia-like outpouchings of the gallbladder 
mucosa, the “Rokitansky-Aschoff sinuses,” which really tell the story. 
These outpouchings of the mucosa penetrate the muscular coat and 
appear with their dilated fundi in the perimuscular layer (figs. 17 and 
18). It is evident that extreme contractions following prolonged and 
repeated overdistentions of the viscus lead to their formation: over- 
distention because it increases the size and possibly also the number of 
potential holes 'in the web of the muscularis, and extreme contractions, 
because as the viscus diminishes in size and the mucosa adapts itself to 
a smaller area of attachment the mucosa may be forced in some places 
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to dip down between tlie muscle bundles and protrude ton'ard the 
external layers/^ Evidently, then, the process which calls for a hyper- 
trophy of the muscular coat of the gallbladder leads also to the forma- 
tion of hernia-like outpouchings of the mucosa which because the}' 
penetrate the muscular coat, certainly do not favor an effective conti ac- 
tion M'lhch would completely obliterate the lumen of the visctis (fig. 7). 

EXPERIMENTS 

An incidental observation made in Dr. Petroff’s laboratory in the 
Trudeau Sanatorium gave new impetus to the search for conclusive 
evidence for or against the new hypothesis of the function of the gali- 



Fig. 14. — Gallbladder of a pig, embedded in the liver A is an anterior, B a 
posterior, view. 

bladder. Dr. Petrofif treated his colony of iltesiis monkeys, affected 
with intestinal parasites, orall}' with metht’lene blue (methylthioninc 
chloride, U. S. P,). At necropsy of one of these monkeys several days 
after the last dose, methylene blue was discovered in the gallbladder. 
Thus methylene blue seemed a promising agent for determining the 
correctness of the hypothesis that the bile which once has entered the 
gallbladder does not, under ordinary conditions, leave it again through 
the cystic duct. Experiments were carried out on rabbits after a 
method had been found for the quantitative determination of methylene 
blue and its letikofonn in bile.-*^ In one series the methylene blue was 
given intravenous!}’ and in another by stomach tube, in doses of 20 mg. 
per kilogram of body weight, that is, 2 cc. of a 1 per cei solution. 
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and 1 ; 800 — than tlie highest concentration ever reached in the bile col- 
lected from the ductus choledochus. This observation was the more 
remarkable since the gallbladder was never empty to begin with and 
since during the entire period of the experiment bile was passing freely 
through the cannulatecl ductus choledochus at a rate of from 5.5 to 
13 cc. per hour. 

In explaining these observations, it v'as necessary to assume either 
that bile had passed through the cj'stic duct into the gallbladder irrespec- 
tive of the cannula in the ductus choledochus and that in the biliary 



Fig. 16. — The neck of a hydropic gallbladder of a 35 year old woman. The 
neck and the cystic duct are divided by a longitudinal section. The curves of the 
neck are exaggerated and the cystic duct is dilated to about ten times its original 
diameter. The gallbladder measured about 20 cm. in the longitudinal and 7 in 
the transverse diameter. It was filled with a viscid opaque fluid (white bile) 
and contained several “mixed gallstones,” some of which were facetted. 

vesicle a rapid concentration of the dye had taken place, or that the 
main bulk of the methjdene blue reached the gallbladder by way of the 
blood stream and was excreted by its mucous membrane. Mann’s 
experiments with rose bengal supported the latter assumption.'** In 
order to clear the situation, in two rabbits the cystic duct rvas ligated, 
with particular care not to interfere wnth the circulation, the usual 
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amount of methylene blue injected intravenousl}- and the bile removed 
from the gallbladder two hours later. The estimated content of the 
biliai}^ vesicle was about 2 or 3 cc, at the time of the ligation and injec- 
tion. About two hours later less than 0.2 cc. of bile could be obtained 
from the gallbladder, which contained a hardly determinable trace of 
methylene blue. Obviously, then, the gallbladder mucosa was not 
excreting the dye. In other words, the methylene blue found in the 
gallbladder must have entered the viscus via the C 3 'stic duct. 

In another series of experiments, the methylene blue was given by 
stomach tube in exactlj' the same amounts as in the experiments with 
injections. After the administration of the dj'e the animals remained in 
their usual environment and on their usual diet until the time of operat 
tion, particular care being taken that there was always food in their 
cages. The operation was performed at certain stipulated intervals 
between the twelfth and seventy-second hour after the ingestion of the 
dye in order to allow time enough for the action of any physiologic 
process which would tend to free the gallbladder from its methylene 
blue content. 

It was found that bile collected from the cannulated ductus cho- 
ledochus twelve, eighteen, twenty-four, thirty and thirtj^-six hours after 
the administration of methylene blue b}' stomach tube contained little 
if any methylene blue. On the other hand, bile removed from the gall- 
bladder at the same time invariably contained the dye. Bile collected 
from the cannulated ductus choledochus fortj'-two, forty-eight, sixty 
and sevent 3 '-two hours after the administration of methylene blue by 
stomach tube did not contain meth 5 ']ene blue. On the other hand,’ bile 
removed from the gallbladder contained the dye even after seventy-two 
hours in most instances. 

In these feeding experiments, the meth 3 dene blue was introduced 
through a catheter into the stomach; consequentl 3 ’, the greater bulk of 
the dye which reached the liver must have come there by way of the 
portal vein. I have no information as to how soon and in what initial 
concentration methylene blue appears in the bile after oral administra- 
tion and how long it takes to reach the highest concentration and what 
this highest concentration is. But I learned that in none of the thirty- 
four animals whose gallbladders were opened between the twelfth and 
the thirty-sixth hours after feeding the d 3 ’e did the bile collected from 
the ductus choledochus contain methylene blue in a higher concentration 
than 1 : 23,000 ; as a matter of fact, in fourteen the bile did not contain 
any methylene blue. Yet the bile in the gallbladder contained the dye 
in concentrations between 1 : 1,200 and 1 : 10,000 in nineteen of these 
animals and between 1 : 10,000 and 1 : 25,000 in eleven. The results in 
the forty-two, forty-eight, sixty and seventy-two hour groups of thirty- 
two animals are uniform. As mentioned before, in none of the animals 
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did the bile collected from the cannulated ductas choledochus cootam any 
methylene blue. Yet at this time, in more than half of the cases, Uie 
bile in the gallbladder contained the dye in concentrations ranging 
between 1 ; 4,850 and 1 26,000. 

From the feeding experiments it was learned that ingested methylene 
blue appears in the bile and is excreted for some time, during which 
the pure bile in the gallbladder is gradually replaced by the dye 
containing bile. Since the gallbladder mucosa is apparently resorbing 
the dye less rapidly than it resorbs bile, the dye accumulates and stays 
there. 

In addition to all that has been said, attention should be called also 
to the fact that the amount of bile delivered through the cannulated 
ductus choledochus during an experimental period of six hours averages 
about 10 cc. per hour, that is, the liver of a rabbit weighing 3 Kg. 
produces 240 cc. of bile per day, a conservative estimation. The average 
capacity of the gallbladder of the rabbit is about 3 cc. Furthermore, in 
the feeding experiments the animals were kept on their usual diet, and 
there was always food in their cages. Under these conditions, it is hard 
to conceive how methylene blue could remain in the gallbladder of an 
animal for a period of at least forty-two hours during which not less 
than 420 cc. of bile not containing the dye could have come from the 
liver, unless one gives up the idea that the function of the gallbladder is 
to empty and to refill. The tenacity with which the dye is retained in 
the biliary vesicle long after the liver has ceased to produce bile contain- 
ing the dye is surely one of the strongest arguments favoring the 
assumption that bile does not leave the gallbladder through the cystic 
duct under ordinary conditions. This circumstance, of course, calls for 
a change in the current conception of stasis in the gallbladder. 

If resorption is the principal function of the biliary vesicle, stagna- 
tion in the gallbladder may be due either to an abnormal composition of 
the bile or to a disturbed resorptive function of the gallbladder mucosa. 
The site of the process leading to stasis in the gallbladder may be, of 
course, in the liver or in the gallbladder, or in both the liver and the 
gallbladder. 

If the stasis in the gallbladder is due to a disturbed or altered func- 
tioning of the liver, that is, if the gallbladder is intact but unable 
to remove by resorption all that is poured into it with the bile, one may 
speak of a hepatogenous stasis in the gallbladder. The experiments 
witii methylene blue furnish a striking example of such a hepatogenous 
•stasis in the gallbladder,^'- With the bile from the liver a substance, 
methylene blue, is poured into the gallbladder; the mucosa of the latter 
apparently cannot resorb the dye fast enough to cause its rapid disan 
pearancc. and so the dye stays there for days. It is evident that much 
the .same thing happens when the sodium salt of tetraiodophenolphthal 
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ein is administered for cholecystography. Both of these examples of 
hepatogenous stasis in the gallbladder support the idea that something 
of the same order happens in cases of marked cholesterolemia, when the 
cholesterol content of the bile is correspondingly exaggerated. Appar- 
ently because of the increased output of cholesterol by the liver, the 
mucosa of the gallbladder becomes, so to speak, saturated with the lipoid 
substances which it has resorbed from the bi!e.^“ In such conditions, 
the cholesterol content of the bile in the gallbladder becomes greater 
and greater, and while the other bile constituents, those holding the 
cholesterol in solution, are being resorbed, the concentration finally may 
reach a point at which the cholesterol will crystallize out at the slightest 
provocation. 

If the stasis in the gallbladder is caused by intrinsic functional dis- 
turbances or demonstrable pathologic conditions of the gallbladder itself, 
with the functioning of the liver more or less unimpaired, one may 
speak of a C 3 "Stogenous stasis in the gallbladder. A variety of processes, 
such as acute, subacute and chronic inflammations, new growths, and the 
like, might lead to such a condition of the viscus. 

CLASSIFICATrON OF GALLSTONES 

Perhaps the most convincing evidence for the e.xistence of these two 
types, the hepatogenous and the cystogenous stasis, is furnished by the 
concretions usually found iii these conditions. The chemical compo- 
sition and the architecture of gallstones permit their read_v classification 
into three groups. 

Group I is the group of gallstones,” that is, those consisting 

purel}' or mainly of one of the stone-foj'un'ng constitueifis of the bile, 
such as (fl) cholesterol, (b) biliary pigments (calcium bilirubinate) 
and (c) calcium carbonate. For the formation of all of these so-called 
“pure gallstones,” the liver is perhaps primarily responsible. At least 
stones of pure cholesterol usually occur in normal gallbladders the 
mucosa of which may show signs of resorption of cholesterol, and this 
is to be regarded as evidence of the attempt of the mucosa of the gall- 
bladder to remove the excess of cholesterol in the content of the vesica 
fellea. Stones composed wholl)" of pigment, that is, those consisting of 
calcium bilirubinate, are believed to form in the finer intrabepatic biliar}' 
ducts. They might be found then, of course, in gallbladders that are 
shown microscopically to be intact. The small concretions of calcium 
carbonate also occur in gallbladders in which pathologic changes are not 
demonstrable. It is therefore reasonable to assume that some transient 
abnormal composition of the bile leads to their formation. 

Group II is the group of the “mixed gallstones,” that is, those con- 
sisting purely or mainly of at least two of the constituents of the “pure 
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gallstones.” Here belong (a) the stones consisting of cholesterol and 
calcium carbonate, (b) the stones consisting of cholesterol and calcium 
bilirubinate, (r) the stones consisting of calcium bilirubinate and cal- 
cium carbonate T, and (d) the stones consisting of cholesterol, calcium 
bilirubinate and calcium carbonate. The formation of these, so-called 
“mixed gallstones,” has generally been associated with infection. Infec- 
tion and inflammation damage the mucosa of the gallbladder so that not 
all of the constituents of the bile are resorbed. Whatever physico- 
chemical explanation is given for the process of formation of the 
"mixed gallstones” in inflamed gallbladders, the fact remains that the 
retention of the stone-forming constituents of the bile is due in the first 
place to a diseased condition of the gallbladder. Thus, “mixed gall- 
stones” are formed in cystogenous stasis in the gallbladder, the stagna- 
tion being responsible for the formation of the stones and the infection 
for the stagnation. 

It is evident that when a hepatogenous stasis in the gallbladder 
which has led to the formation of pure gallstones precedes a cystogenous 
stasis, “combined gallstones” form, which have a nucleus formed by one 
of the members of the group of “pure gallstones” and have a shell 
formed by one of the members of the group of “mixed gallstones.” If, 
on the other hand, a cystogenous stasis in the gallbladder which has led 
to the formation of mixed gallstones is followed by a hepatogenous 
stasis, “combined gallstones” form, which have a nucleus formed by one 
of the members of the group of “mixed gallstones” and a shell formed 
by one of the members of the group of “pure gallstones.” 

The story of the formation of gallstones is then, briefly, as follows : 
A disturbed functioning of the gallbladder or an abnormal composition 
of the bile, or both, lead to a stagnation in the gallbladder of stone- 
forming constituents of the bile, the result of which is the formation of 
gallstones. The type of the concretion or concretions formed depends 
on the kind of biliary stasis which produced them. In a hepatogenous 
stasis in the gallbladder “pure gallstones” form, in a cystogenous stasis 
“mixed gallstones” form, and in an alternating stasis, “combined gall- 
stones” form. Tims, gallstones can tell the story of the gallbladder; the 
story of a gallbladder, on the other hand, cannot be told unless its con- 
tents arc known. 
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FIBROMA OF THE VULVA CONTAINING AN 
epithelial INCLUSION CYST* 

LEO BRADY, M.D. 

BALTIMORE 

Fibromas arising from the external genitalia in women are by no 
means common. In a study of 5,000 gynecologic cases tabulated at the 
Michigan University Hospital, in 1905, Burr^ did not find a single case 
of vulvar fibroma. In 1917, Leonard - was able to find records of onty 
six such tumors among the 23,000 patients admitted to the gynecologic 
department of the Johns Flopkins Hospital. Up to the piesent time, 
less than 175 fibromas of the vulva have been reported in all medical 
literature. 

The majority of these growths arise in the subcutaneous connective 
tissue, but quite a large group of them originate in the extraperitoneal 
portion of the round ligament. It has long been known that the round 
ligament of the uterus, after traversing the entire length of the inguinal 
canal, emerges from the external iirguinal ring and ends by breaking 
up into a number of diverging fibrous bands most of which become lost 
in the subcutaneous tissue of the labium majus, while a few find attach- 
ment to the pubic spine. In a certain number of cases of fibromas of 
the vulva, it is possible to feel a firm round cord running through the 
tumor, and, by following this cord upward, to trace it directly to one of 
tiiese terminal fibers of the extraperitoneal portion of the round liga- 
ment, thus clearly demonstrating the point of origin of the growth. 
According to Leonard, as many as 33 per cent of these tumors arise in 
this manner. 

There have been reported a moderate number of cases of fibrous 
tumors originating in the subperitoneal connective tissue and appear- 
ing at the vulva, and a few rare fibromas of the vulva have been sup- 
posed to arise in the connective tissue of the rectovaginal septum or of 
Bartholin’s glands, or to have started in a hematoma. The tumors 
arising in the subperitoneal connective tissue and making their way to 
the vulva form an especially interesting group of neoplasms, because of 
the tremendous size attained by some of them. In 1905, Mdritney and 
Harrington,^ published a comprehensive article on subperitoneal fibro- 

Submitted {or publication, 'Nov. 22, \928. 

1. Burr, T. S.; Report of a Case of Fibroma of the Vulva New York- 'Nt T 
81-.3-10, 1905. 

oc Bull. Johns Hopkins Hosp 
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3. Whitney, W. F.. and Harrington, F. B..- Subperitoneal Pelvic Fibromata 
.\nn. Surg. 41;S23, 1905. mromata, 
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mas based on the literature of nineteen such cases. Specifically, these 
subperitoneal tumors are supposed to arise from the connective tissue 
of the true pelvis, thus differing from the so-called retroperitoneal 
growths which originate in the root of the mesentery, the region of the 
kidney and the false pelvis. 

In 1912, Aichel,^ reported a case of a fibrous tumor appearing at the 
vulva of an infant, and Esser = and Polaillon “ each had a patient in 
whom a fibroma of the vulva arose after the menopause, but in the 
great majority of instances fibromas of the vulva have been noted in 
women in the child-bearing age. Many observers have for years com- 
mented on the periodic increase in size which these tumors undergo 
with each menstrual period, a phenomenon due to the increased blood 
suppl}' to the vulva at that time. It has also been noticed that with 
each ])regnancy there has usually been an increase in the rapidity of 
growth of the neoplasm. 

When first seen, fibromas of the r’ulva usually appear as firm, 
smooth, round or oval nodules under the skin. As the growth increases 
in size, it may become pedunculated as a result of the constant pull of 
the tumor mass on the loose connective tissue in which it is embedded. 
When the patient is seen by the surgeon, there is often a definite pedicle, 
and the tumor presents a striking picture. The remarkable resemblance 
of some of these growths to a male scrotum has been noted fre- 
quently. The skin covering them is generally thick, and often between 
the menstrual periods it is thrown up into shallow folds. Both tumor 
and pedicle are frequently covered with hair. On palpation the tumors 
show the same firm consistence as fibromas elsewhere in the body, but 
if the circulation becomes impaired, they may become edematous and 
semifluctuant. 

Fibromas of the vulva vary greatly in size, some of them remaining 
as small nodules while others grow to be tumors of enormous size. In 
1851, Buckner ’’ reported a mammoth growth which arose in the sub- 
peritoneal connective tissue and appeared at the vulva. It is said to 
have weighed 26S pounds (121.5 Kg.) and is probably the largest 
human tumor ever reported. In the Warren Anatomical Museum at 
Harvard University,® there is a daguerreotype made of this tumor while 
the patient was alive and also a detailed account of the history of the 

4. Aichel; Rhabdomyom des Ligamcnfum ronfundum des iieugeborencn 
Madcheiis, Zentralbl. Gy'iiak. 26:57, 1912. 

5. Esser: Zwei neue Falle von gestielten Fibrom an den grossen Scbam- 
lippen, Inaug. Diss., Bonn, 1892. 

6. Polaillon: Fibroma de la region inguinale droite, Gaz. Hed. de Paris 
7:229, 1891. 

7. Buckner: Ohio State M. Tr., 1851. 

8. Jackson, J. B.: A Descriptive Catalogue of the Warren Anatomical 
Jvluseum, 1870, p. 642, no. 2982. 
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case and of the partial autopsy that was performed. As the abdominal 
viscera including the pelvic organs were all palpated through an open- 
ing made after death into the peritoneal cavity and found to be normal, 
there can be no doubt that the tumor arose extraperitoneally. 

In 1917, Leonard, made an exhaustive stud}'^ of all the recorded cases 
of fibromas of the vulva, giving in his article summaries of the gross 
and microscopic appearances in 100 cases that had been reported in 
the literature and reporting in detail the cases of six patients who had 
been treated in the Johns Hopkins Hospital. He showed that nearly 
one fifth of these tumors became sarcomatous. Hence, any sudden 
increase in rate of growth should be viewed with suspicion, and immedi- 
ate surgical intervention is indicated. 

Unless inflammatory or malignant changes occur, fibromas of the 
vulva produce few, if any, symptoms. If they are pedunculated they 
may cause some chafing of the skin with which they come in contact 
and thus interfere with locomotion. The large tumors may prevent 
coitus or become an obstacle at labor. 

The diagnosis of fibromas of the vulva usually presents little diffi- 
culty. However, one must be careful not to mistake a tumor which 
originates in the extraperitoneal portion of the round ligament for a 
hernia. Nor should the possibility that these tumors may be adeno- 
myomas instead of simple fibromas be forgotten. In 1896, Thomas 
Cullen ® first described adenomyoma of the round ligament and empha- 
sized the diagnostic importance of severe pain associated with these 
tumors at each menstrual period. Although fibromas of the vulva are 
apt to become swollen at each period, they do not cause the patient any 
severe pain at that time for there is no hemorrhage into the tumor 
such as occurs in an adenomyoma every time menstruation occurs. 


REI'ORT OF CASE 

Recently, I happened to have under my care a patient with a fibroma 
of the vulva. A report of this case may be of interest for two reasons : 
hirst, the growth probably belonged to that group of less common 
fibromas of the vulva which originate in the extraperitoneal portion of 
the round ligament ; secondly, the tumor contained a long, tubular, epi- 
dermoid sac. In this respect, I believe, it was unique, as a rather care- 
ful study of the literature failed to reveal another instance of a tumor 
of the vulva containing a similar structure. The following is a brief 
report of the case ; 


History.— Mrs. G. H., aged 33, seen 
generat UeaUb. Her appetite was fair. 


9. Oillcii. T. S.: Adenomvoma of 
Hosp. 7:112, 1S%. 


on March 12, 1928, had always had good 
She had not had indigestion or nausea. 

the Round Ligament, Bull. Johns Hopkins 
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The bowel movements had been regular, and she had not had any urinary symp- 
toms. The menses had begun at 14 years ; they had been regular and not associated 
with pain. There was no history of leukorrea. The patient had been married 
for thirteei] years and had had three children, now 12, 10 and 4 years of age. She 
had had considerable difficulty with each labor, but only rvith the first were instru- 
ments used. She had not had any miscarriages. Teh years before I saw her, 
when her second child was only 2 weeks old, she first noticed a small, hard lump 
in the right groin, which since that time had been gradually increasing in size. 
She thought that with each menstrual period there was a definite change in the 
tumor — that as the period approached it became larger and softer and after the 
period smaller and firmer. However, she had never suffered any pain referable 
to it at the time of the menstrual period. Six weeks before the patient entered the 
hospital, while she was bending over, the tumor became caught between two metal 
objects and she, being unaware of this mishap, straightened herself up, thus 
causing the entire tumor to be strongly pinched and severely traumatized. For 
several days the growth was red, tender and swollen, but. under boric acid com- 
presses the inflammation subsided. As the patient had not had any menstrual 
periods for six months, she considered herself to be six months’ pregnant. 

Examination . — On March 12, 11>28, the general physical examination gave essen- 
tially negative results. The breasts contained colostrum. A symmetrical, firm 
tumor could be felt arising from the pelvis and extending 1 fingerbreadth above 
the umbilicus. As the fetal heart could be heard, there was no doubt that the 
uterus was pregnant. Arising from the right side of the vulva, immediately above 
the spine of the pubis, was a pedunculated tumor mass, measuring IS cm, from 
its origin to its tip. Near its point of origin the tumor had a firm, constricted 
neck, but toward its lower portion it widened out until it had a diameter of S cm. 
It was covered with thin skin, suggesting that of a male scrotum. Only the upper 
part of the sac was covered with hair. There was a linear scar running along 
the tumor, in the center of which healing had occurred in such a way as to cause 
some invagination of the edges of the skin and to give the scar a dimpled appear- 
ance. This sear probably ivas caused by the injury two months previously. 

On examination one could feel within the tumor a firm, circular band of tissue 
which extended from 3 cm. of the distal end to within 4 cm. of the point of origin 
of the tumor. As it stopped several centimeters from the point of origin of the 
tumor, it could not, of course, be traced up into the inguinal canal. This structure, 
while not attached to the overlying skin, felt as if it were in the outer part of the 
tumor rather than in its center. When the patient stood, the tumor hung down 
to within 8 cm. of the patella (fig. 1). There was no impulse over the femoral 
or the inguinal ring. The two sides of the vulva below the insertion of the tumor 
were e.xactly alike. With the patient lying on her back, careful examination 
showed that the tumor arose directly at the external inguinal ring (fig. 2). The 
internal pelvic examination showed the patient to have a moderately relaxed 
vaginal outlet and a soft cerrdx. The uterus was the size of a si.x months’ preg- 
nancy. The rectal examination and the urine showed nothing abnormal. 

Operation . — At St. Joseph’s Hospital, March IS, 1928, under local anesthesia, 
an oval incision was made around its base and the tumor removed. A few small 
vessels had to be ligated. The edges of the incision were approximated 
with chromic catgut and a small protective drain introduced. The drain was 
removed on the next daj’, and the patient had an uneventful convalescence. 

The baby was born on June 15, 1928. The labor was uneventful. A final 
examination on July 8, 1928, did not show evidence of any return of the growth; 
the general condition was excellent. 



Fig. 1. — The tumor readies to within a short distance of the patella. The 
resemblance to a male scrotum is striking. 



Fig. 2.~Thc tumor can be seen to arise directly over the external inguinal rimr 
The scar wiili a dimple in its center can be seen. 
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Pathologic Rcpoi t (Johns Hopkins Hospital).— The specimen consisted of an 
elongated tumor, which was contracted at one end and somewhat dilated at the 
other. The entire tumor was covered with skin, and over its upper portion there 
was a moderate amount of hair. There was a healed scar in the skin over tlie 
tumor and in its center was a dimple. A firm, round cord could be palpated in 
the growth. This ran from within a short distance from the contracted end of 
the tumor almost all the way to the dilated end. When tlie tumor was split in 
half, the hemisections presented the firm white surface of fibroma. 

The cordlike structure felt in the tumor stood out plainly (fig. 3). At the 
upper end of the tumor it seemed to fade into the skin, while at the lower end it 



Fig. 3 — The tumor split open. Some edema has developed in the lower dilated 
portion of the growth, which gives it a somewhat different appearance from the 
rest of the tumor, a marks the tube which was found in the tumor. Although 
not attached to the skin, this tube lies in the outer part of the tumor directly under 
the skin. 

disappeared into the tumor itself. It rras 6 cm. long and on cross-section showed 
a definite lumen which could be seen with the naked eye. 

Microscopic sections taken from the tumor and the surrounding skin showed 
on the outside the normal squamous epithelium of the skin and below it the typical 
microscopic picture of a fibroma. The cordlike structure felt in the tumor uas 
seen to be formed by a tube lined with several layers of squamous epithelium of 
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the same character only ^ short 

micrograph showed t ^ ^ filled with debris, probably made 

distance below cornification of the internal layer of 

ejitliehurharoccurred. There was a moderate accumulation of small round 
cells on the outside of this tube (fig. 5). 


COMMENT 

This fibroma of the vulva could not be traced directly into the 
ittguinal canal. However, from the fact that it arose from a point 



Fig. 4. — Photomicrographic appearance of the tumor. On the outside is the 
squamous epithelium of the skin. Below this is the fibroma. The tube lined with 
squamous epithelium lies directly under the skin. 

ilirectly over the external inguinal ring, just where the extraiieritoneal 
portion of the round ligament breaks up into its terminal fibers, it seems 
more likely that this growth arose from one of these terminal fibers 
rather than from the fibrous elements found in the subcutaneous tissue 
It is difilcult to find a satisfactory explanation for the occurrence of 
the tube with squamous epithelium that rvas found in this tumor. The 
tube was not the terminal portion of a hydrocele of the canal of Nuck 
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for such a structure, being really a pouch of i>eritoneum, would have 
a lumen lined with cuboidal, columnar or flat epithelium and not with 
the squamous variety. There is nothing about this tube to suggest that 
it is a dermoid, nor does it resemble a hidradenoma, a definite type of 
neoplasm, first described by Pick in 1904 and supposed to arise from 
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Pjg, 5. — Photomicrographic appearance of the traumatic epithelial cyst or tube. 
The squamous epithelium is several layers deep. Some cornification of the internal 
layer of epithelium has occurred. The lumen of the tube is filled with debris. 
There is a moderate accumulation of small round cells on the outside of the tube. 


10. Pick, Ludwig: Ueber Hidradenoma und Adenoma Hidradenoides, Vir- 
chows Arch. f. path. Anat. 175:312, 1904. 
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the sweat glands of the ^'ulva. Microscopically, hidradenomas suggest 

rather actively growing adenomas. ... • , 

One theory for the occurrence of this epithelium lined tube tn the 
fibroma is that as a result of trauma part of the outside skin was forced 
down into the tumor, and that this fragment of skin continued to grow 
and formed an epithelium lined tube in the tumor. This theory appears 
to be plausible because the tube was situated in the outer part of the 
tumor rather than in its center and was lined with squamous epithelium. 
Moreover, there was a definite history of the tumor being severely 
traumatized, and at this time part of the overlying skin may have been 
forced down into the tumor. 

Although a careful search of the literature failed to reveal any other 
instances of a vulvar fibroma containing such a tube as was found in the 
case reported, quite a few instance of epidermoid inclusion cysts of 
the hand and fingers have been reported. As far hack as 1855, 
Wernher “ removed a tumor, which was probably of this nature, from 
the palm of a man’s hand, but he considered it to be an atheroma. 
Many of the earlier investigators thought that these tumors developed 
from sweat glands, although this opinion necessitated the belief that 
glandular epithelium changed into squamous epithelium. However, in 
1887, Fvanke*- stated that quite a number of epithelial cysts of the 
skin previously reported had been wrongly called atheromas or dermoids, 
and for tliese cj’sts he proposed the name epidermoids. Even Franke, 
however, did not understand how these cysts are formed, since he spoke 
of them being of congenital origin, and it remained for Reverdin to 
explain their etiology. He observed that these cysts almost always 
cievdoped after an injury, such as a stab, pinch, bite or crush, and col- 
lected reports of thirty cases of epidermoid cysts from the literature in 
all of which there was a history of trauma with a later development of 
an epidermoid cyst below the injured skin. 

On the experimental side Kaufman,” in 1884, and Gross,’® in 1885, 
proved that loose pieces of skin could be implanted in the subcutaneous 
tissue of animals as well as in the abdominal cavity, and that these 
pieces of skin would continue to carry out their physiologic function, 
namely, that of the production of epidermis. TJ)ey found that after a 
short time the implanted epidermis developed into a cyst. 


n. Wernher, A.; Das Athcronic ein cingebolgtes Epitheliom. Virchows Arch 
f. path. Anat. S: 22, 1855. 

12. Franke F.; Ueber das Athcrom besonders mit Bezug auf scin EnsW- 
luing (das Lptdcrmoid), Arch. f. klin. Chir. 34: S07, 1887 

Jiwt' .4: m,. de h 

Ana.'s’iSrim.’'''''' rirctaws Arcl,. f. 

l.\ Gross: Contribution a Vetude des lumeurs pcrlecs, Paris, 1885 
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Since the publication of these first articles on traumatic epithelial 
cysts of the hands, only occasional reports on this subject have appeared. 
In 1893, Bland Sutton reported the case of an implantation cyst on 
the thumb of a girl, aged IS years. In 1895, Wdrz reported three 
additional cases and summarized the literature on these tumors up to 
that time. During the last few years the best article on this subject was 
published in 1921 by Carossin,’® an Italian observer, who, in addition to 
covering thoroughly the entire subject and reviewing the literature, 
reported the case of a traumatic epithelial cyst occurring on the palmar 
surface of the middle finger. 

Epidermoid inclusion cysts have been found in one other locality 
besides the hand and fingers, namely, the vagina. While for many 
years they have been occasionally found and reported here, it was not 
until 1899 that Stokes correct!}' explained their etiology. Previous 
to the publication of his article it had been noticed that cysts in the 
posterior vaginal wall occasional!}' followed traumas to the vagina, such 
as occur in perineal tears or when a perineal operation is performed, 
but he was the first to stress the point that these cysts developed only 
when some of the surface epithelium is included within the edges of the 
wound. It is easy to understand how in doing a perineorrhaphy a sur- 
geon, in denuding the vaginal mucosa, might accidentally miss small bits 
of mucous membrane and then, in bringing the tissues together, bury 
these islands of vaginal mucosa deep down in the tissue where later 
they might develop into vaginal epidermoid cysts. In 1905, Thomas 
Cullen showed that in twenty-four instances of epidermoid cysts 
occurring in the lower lateral or posterior vaginal wall, there was a 
history of a lacerated perineum and in five out of the twenty-four the 
perineal tear extended into the rectum. 

Some recent experimental work performed on dogs by Davis and 
Traut is of special value to those interested in the formation of 
epithelium lined cysts. These investigators cut whole thickness grafts, 
placed them on one of the abdominal muscles from which the fascia had 
been stripped and sutured them in position under approximately the 

16. Sutton, Bland: A Clinical Lecture on Some Unusual Tumors, Brit. M. J- 
1:461, 1895. 

17. Worz, A.: Ueber traumatisclie Epitlielcj'sten, Ztsclir. f. klin. Cbir. 18:7 d3, 
1897. 

18. Carossin, G. : Le cisti epitheliali traumatisclie del palmo dello mano, Gior, 
di. med. ferrov'. Prato. 1:20, 1921. 

19. Stokes, J. E.: The Etiologj' and Structure of True Vagina! Cysts, Johns 
Hopkins Hosp. Rep. 7:109, 1899. 

20. Cullen, T. S. : Vaginal Cysts, Bull. Johns Hopkins Hosp. 16:207, 1905. 

21. Davis, J. S., and Traut, H. F.; The Production of Epithelial-Lined Tubes 
and Sacs, J. A. it. A. 86:339 (Jan. 30) 1926. 
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tension under which they had been as parts of the external skin. The 
result of this procedure was the formation of either an epithelium 
lined cyst or a tube, according to the shape of the buried graft. The 
epithelium of the graft grew outward from the margins and completely 
covered the contiguous tissues. As the two margins met, either a tube 
or a sac was formed. Microscopic examination of cross-sections of 
tliese tubes or sacs showed not only that epithelium surrounded the 
lumen but that this was several cells deep and in a viable condition. In 
these experiments, Davis and Traut found it took about twenty days 
for the margins of the buried skin grafts to unite and form tubes. 
The maximum development of the epithelium lining the tubes was 
reached in forty days, after which it began to degenerate, probably as 
a result of the pressure exerted by the fluid secreted within the cyst. 

In my case, the fibroma of the vulva had been severely pinched six 
weeks before operation. It seems possible that at that time an elongated 
strip of skin was forced down into the tumor and that the edges of this 
strip of skin continued to grow, united and formed an epithelium lined 
tube. 

SUMMARY 

.-\ large fii)roma of the vulva is recorded, which probably had 
originated from one of the terminal fibers of the extraperitoneal portion 
of the round ligament. 

The tumor contained within it a tube lined wit): several la}’ers of 
semamous epithelium. Its development is probably to be explained as 
follows ; As the result of trauma (a severe pinch), a strip of skin was 
forced down into the tumor and the edges of the enclosed skin ; it con- 
tinued to grow, imited and formed an epithelium lined tube. 



EXPERIMENTAL ILEUS 


I. HIGH OBSTRUCTION WITH THE BILIARY, PANCREATIC AND 
DUODENAL SECRETIONS SHORT-CIRCUITED BELOW 
THE OBSTRUCTED POINT * 

HILGER PERRY JENKINS, iM.D. 

CHICAGO 

The cause of death in acute intestinal obstruction has not yet been 
definitely established. Most investigators are of the opinion that it is 
the result of absorption of a toxin in the obstructed bowel, which 
may be formed either in the mucosa of the bowel and absorbed directly ^ 
or in the lumen of the intestine as the result of the action of normal 
digestive secretions, abnormal or perverted secretions " or of bacteria ^ 
on the stagnated contents of the obstructed bowel. The absorption 
of this toxic substance within the intestine is thought to be influenced 
by the degree of damage to the mucosa from distention, “ and by 
increased intraviscus pressure.'* It is believed by some that the toxic 
element can be isolated, and that it is a split protein product, wliich, 
when injected into normal animals, produces a severe toxemia and 
death. “ On the other hand, there are a few who feel that deatli is 
due to a marked disturbance of the water and mineral balance of the 
body from dehydration and loss of sodium and chloride ions.* A 
thorough review and analj'sis of the experimental u’ork on intestinal 
obstruction is given in Cooper’s " recent article. 

To determine the role of the biliary, pancreatic and duodenal secre- 
tions in the rapid death from high intestinal obstruction, which usually 
occurs in from two to eight days in the dog,® an e.xperiment was devised 

’"Submitted for oubiication, May 31, 1929. 
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which permitted these three secretions to be short-ciremted below the 
point of obstruction. This was done by operattons m cither two oi tlnee 
stages. Six dogs with obstruction produced in this way lived frem 
twelve to thirt3'-threc days. 


EXrCWMnXTAL WORK 

Dog 337.— First Stage; After pvlorcctomy, the end of tlic duodenum was 
closed The jejunum was sectioned about 8 cm. beiond tiic duodenum. The open 
end of the distal part vas closed and tlicn an end-to-.side anastomosi.s wa.s made 
between it and the open end of the stomach. The proximal part was anastomosed 
to the upper portion of the ileiun by the end-to-side method. In this way the 
stomach drained into the jejunum, and the duodenum into the ileum. 



Fig. 1. — Two-stage procedure. First: pylorcctomy, 2; section of the jejunum, 
S, anastomosis of proximal part of jejunum to ileum, 1; anastomosis of distal 
part to stomach, 3; second; obstruction of the jejunum, 4. 


Second Stage; Three weeks later, an obstruction was produced in the jejunum 
by sectioning the bowel 75 cm. from the stomach and closing the ends (fig. 1). 

After obstruction was produced, tlic general condition of the dog was excellent. 
It walked and ran about normally, drank water freely, ate food sometimes, vomited 
occasionally and passed several small stools. On the sixteenth day it weakened 
markedly and death occurred on the seventeenth day. The weight gradually 
cecUned from 11.4 to 7,6 Kg., a total loss of 33 per cent, an average loss of 
Kg. per day, or 1.95 per cent per day. The blood chemistry showed a fail in 
total chlorides estimated as sodium chloride from 525 to 395 mg. per hundred cubic 
centimeters. There was a rise in carbon dioxide capacity from 49 to 76, 
mi in nonprotein nitropn from 30 to 39 mg. per hundred cubic centimeters, 
lere was httle change in the content of urea nitrogen which varied from 14 to 
mg- per hundred cubic centimeters (fig. 2). At autopsy, the abdominal cavity 
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was found filled with several ounces of gray, purulent fluid. About 18 cm, of the 
end of the bowel beyond the point of obstruction had undergone intussusception. 
This part was distended and discolored and contained a small area of gangrene 
with perforation. The stomach and the jejunum, rvhich was anastomosed to it, 
were distended with a thick gray fluid. The lungs and other organs were grosslv 
uorwRl. Death was due to general peritonitis following intussusception and 
perforation of the bowel. 

Dog sis. — F irst Stage: This stage was the same as for dog 337, except that 
the proximal part of the sectioned jejunum was anastomosed to the ileum by the 
side~to-side method after the open end had been closed. 

Second Stage : Twelve days later, obstruction was produced by sectioning the 
jejunum 26 cm. from the stomach. 

The general condition of the dog following obstruction was good until the ninth 
day, when it began to show signs of weakening, which progressed until its death 




Fig, 2. — Weight and chemistry readings for dog 337; obstruction at 76 cm.; 
death on the seventeenth day. 

Fig. 3. — Weight and chemistry readings for dog 515; obstruction at 26 cm.; ^ 
death on the twelfth day. 


on the twelfth da)’. Drinking, eating, vomiting and passage of stools occurred 
as in dog 337. The weight declined from 16 to 13 Kg., which ivas a loss of 
19 per cent, an average of 0.27 Kg. or 1.7 per cent per day. The blood chemistry 
showed a fall in sodium chloride from 524 to 240, a rise in carbon dioxide 
capacity from 44 to 94 and in nonprotein nitrogen from 30 to 55 (fig- 3). At 
autopsy the stomach and jejunum down to the point of obstruction were dis- 
tended. The remaining bowel was partially collapsed. The organs were grossly 
normal, except for consolidation in the lower lobe of the right lung. Death was 
due to bronchopneumonia. 

Dog 9S3.— First Stage; A lateral anastomosis was made between the middle 
of the ileum and the jejunum just beyond the duodenum. 





JENKINS— EXPERIMENTAL ILEUS ^ 5075 

Second Stage; One week later, tlie pylorus was resected and the open ends of 
the stomach and duodenum were closed. An anterior gastro-enterostomy was 
made, the Jejunum just beyond the lateral anastomosis being used. The proximal 
portion of the jejunum was sectioned between the two anastomoses, and the ends 

were closed, , . 

Third Stage: Three weeks later, an obstruction was produced by sectioning 

the bowel above the entero-anastomosis, ISO cm. below the stomach (fig. 4). 

The general behavior of the dog following obstruction was similar to that of the 
two animals described. Death occurred on the seventeenth day. The weight declined 
from 20.6 to IS Kg„ a total loss of 32 per cent and an average loss of 0.39 Kg. 
or 1.8 per cent per day. The blood chemistry showed a gradual fall in sodium 
chloride from S47 to 271 and a rise in carbon dioxide capacity from 44 to 78 . The 
content of nonprotein nitrogen changed only slightly during the first two weeks. 



Fig, 4.— Three-stage procedure. First: (dogs 983, 493, 492 and 489) lateral 
anastomosis between upper part of jejunum and upper ileum. Second; (dog 
S83) pylorectomy, 2, anterior gastro-enterostomy, 3, and interruption of jejunum, 
S; (dogs 493, 492 and 489) pylorectomy, 2, and anterior gastro-enterostomy. 
Third: (dog 983) obstruction of the bowel, 4; (dogs 493, 492 and 489) inter- 
ruption of jejunum, S, and obstruction of jejunum, 4. 


hut rose abruptly just before death to 127. The urea nitrogen also changed little 
except or a terminal rise to 81 (fig. 5). Autopsy showed a dilatation of the 
terminal IS cm. of the obstructed bowel without any marked change above this or 
m the stomach. The only other gross change was consolidation in the lower lobe 
of the right lung. The immediate cause of death was bronchopneumonia, 

493.-First Stage; The procedure was the same as for dog 983 excent 
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Second Stage : The weight was 21.6 Kg. This stage was three weeks later and 
was the same as for dog 9S3, except that the jejunmti was not sectioned between 
the tvvo anastomoses. 

Third Stage: The weight was 21.3 Kg. This stage was done two and a half 
weeks later and consisted of interruption of the upper jejunum between the 
entero-anastomosis and the gastro-enferostomy, and obstruction of the jejunum 
90 cm. from the stomach (fig. 4). 

The general behavior of the animal was not markedly changed following the 
obstruction, except that it appeared less lively. It was able to walk about all right 
until the twenty-fifth day, when it appeared to be growing weak. Weakness 
progressed during the next day, and death occurred on the morning of the twenty- 
seventh day. The daily intake of water by mouth was from dOO to 500 cc., to 
which about 1 Gm. of sodium chloride was added every third day, and dextrose 




Figure 5 

Fig. 5. — Weight and blood chemistry readings 
ISO cm. ; death on the seventeenth day. 

Fig, 6. — Weight and blood chemistry readings 
90 cm. ; death on the twenty-seventh day. 


Figure 6 

for dog 983; obstruction at 
for dog 493; obstruction at 


occasionally. Small feedings of meat were given about twice a week. Vomiting 
occurred only about twice a week. The urinary output was from 200 to 300 cc. 
per day. Small black or brown stools were passed on an average of two or three 
times a week. The weight gradually declined from 21,3 to 11.6 Kg., which was a 
loss of 45 per cent, an average of 0.37 Kg. or 1.75 per cent per day. The blood 
chemistry showed a fall in sodium chloride from 470 to 301 and a rise in carbon 
dioxide capacity from 59 to 80, in nonprotein nitrogen from 44 to 94, and in urea 
nitrogen from 21 to 57, the latter two making the most abrupt rise just before 
death. During the first fen days of the obstruction, the carbon dioxide and non- 
protein and urea nitrogen showed a moderate fall (fig. 6). Autopsy revealed a 
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no marked change in the bowel at other points. The immediate cause of death was 
acute intestinal obstruction with the formation of a closed intestinal loop from 
intussusception in the ileum. In addition, there was beginning bronchopneumonia. 

Dog 492.— First Stage; The dog weighed 14.2 Kg. A lateral anastomosis was 
performed in the same manner as described for dog 493. 

Second Stage; The weight was IS Kg. Twenty-six days later, a pylorectomy 
and anterior gastro-enterostomy w'ere performed as described ior dog 493. 

Third Stage ; The weight was 14 Kg, Nineteen days later an obstruction was 
produced, 48 cm. from the stomach; in addition, the upper part of the iej'unum 
^vas sectioned as described for dog 493 (fig. 4). 

There was no marked change in the behavior of the animal immediately fol- 
lowing obstruction. The general condition was excellent even up to the twenty- 
eighth day, except for gradual loss of weight from 14 to 7 Kg. This was an 
average loss of 0.24 Kg. or 1.7 per cent per daj'. The dog was found dead on the 
morning of the twenty-ninth day. During the period of obstruction, an average 



Fig. g. — Weight and blood chemistry readings for dog 492; obstruction at 
48 cm.; death on the twenty-ninth day. 

amount of from 300 to 400 cc. of water was taken daily by mouth, to which sodium 
chloride and sometimes dextrose rvere added, kleat was eaten about twice a week. 
Vomiting occurred about every fourth day. The output of urine was from ISO 
to 250 cc. per day. Small stools were passed about every fifth day. The blood 
chlorides fell from 516 to 300. The nonprotein and urea nitrogen showed only 
slight fluctuation up to the twenty-si.xtii day, on which the last determination was 
made. There was a rise in carbon dioxide capacity from 62 to 85 (fig. 8). 
•Autopsy revealed only moderate distention of the stomach and obstructed jejunum, 
which was most pronounced at the distal end, where the diameter was 2.1 cm. 
The bowel below' this was only slightly collapsed (fig. 9). The gallbladder was 
gray and thickened, and contained golden yellow semisoh'd material. The mesen- 
teric lymph glands W'ere somew'hat enlarged, but were not suppurative. There 
rvas pronounced muscular atrophy. The liver, kidneys, spleen, lungs and heart 
showed no marked gross changes. The microscopic sections revealed central 
hemorrhagic necrosis of the lobules of the liver w'hich w'as less marked than in 
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dog 493 The spleen was slightly hyperplastic. The mesenteric lymph 

deLnstrated slight hyperplasia. In the wall of the gal bladder ‘ 

leukocytic infiltration and hyperplasia of the lymphoid e kments of he st ’tmti'tos. . 

compatible with chronic cholecystitis. The pancreas heart 

were normal. There was a slight amount of hemorrhagic c.Miulate in the aheoh 

of the lungs. Death was due to the long-standing obstruction and starvation. 

There is a possibility that chronic cholecystitis was a factor. 

Dog 489.— The three stages as desetribed for dog 493 were performed at inter- 
vals of three weeks. The weight at the time of the first was 21 Kg., for the 
second 24.4 Kg. and for the third 21 4 Kg. The obstruction was produced 76 cm. 



Fig. 9.— Slight distention of stomach and jejunum down to obstruction at B, in 
dog 492. Duodenum and jejunum, interrupted at B, emptying into ileum through 
lateral anastomosis. 


from the stomach. The general behavior of the dog was practically normal fol- 
lowing the obstruction, its general condition remaining good until after the 
twenty-ninth day. It then became weak and could not stand or even sit up. 
It died on the afternoon of the thirty-third day. About SOO cc. of water was 
taken by mouth daily, to which 1 Gm. of sodium chloride was added every second 
or tfiird day, and occasionally dextrose or milk. On the average of every third 
day a small feeding of meat was given, which w.as eaten with considerable relish 
About 300 cc. of urine was voided daily; a trace of albumin was observed during 
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the last week on two examinations. Vomiting occurred on the average of every 
tliird day. Just before death, a liter of tliick gray fluid was vomited. Small 
stools were passed about one or two times a week. The weight declined from 
21.4 to 10.9 Kg., practically half of the original weight; the average loss was 
0.32 Kg. or 1.48 per cent per day. The blood chemistry showed a fall in chlorides 
from 528 to 236. The carbon dioxide capacity, after a preliminary drop during 
the first ten days, rose from 62 to 127. The nonoprotein nitrogen, after a similar 
preliminary fall during the first week and a half, rose with some fluctuation during 
the third and fourth week and was high on the last day of life; the total change 
was from 43 to 320. The urea nitrogen paralleled the nonprotein nitrogen and 
changed from 21 to 104 (fig. 10). Autopsy revealed distention of the stomach 
and obstructed jejunum, which was most marked in the distal 9 cm. where it 
measured 4.S cm. in diameter. The duodenum was moderately distended, mea- 



Fig. 10. — Weight and blood chemistry readings for dog 489; obstruction at 
75 cm. ; death on the thirty-third day. 

suring 2 cm. in diameter. The bowel below the entero-anastomosis was collapsed. 
The stoma of this anastomosis was almost closed, barely admitting the tip of a 
hemostat. This stenosis had apparently caused a partial obstruction and dilatation 
of the duodenum (fig. H). The lungs, heart, kidneys, liver, spleen and pancreas 
showed no gross changes. Muscular atrophy was marked, and there was prac- 
tically complete absence of adipose tissue. The mesenteric lymph glands were 
enlarged and soft but not suppurative. The stoma of the gastro-enterostomy 
admitted three fingers. There was a small ulcer, about 0.8 cm. in diameter, at the 
junction of the gastric and jejunal mucosa at the distal end of the stoma. The 
stomach and jejunum contained thick gray material; the duodenum contained 
watery brown fluid. The microscopic sections also showed hemorrhagic necrosis 
in the central portion of the lobules of the liver. The kidneys were apparently 
normal except for occasional evidence of tubular degeneration. The lungs revealed 
some hypostatic congestion with recent hemorrhagic exudate. The section of the 
spleen showed a large number of phagocytic pigment-containing cells. There was 
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hvoerpksia in the section of the lymph gland. The pancreas, gal bladder and 
musck of the heart were normal. The obstructed jejunal wall showed some thick- 
ening in the muscularis. In the section through the gastrojcjnnal ulcer, the norma 
"astric mucosa was present up to the margin of the ulcer where there was a defect, 
The floor of which was made up of granulation tissue. ISormal 
was present on the other side of the defect. Sections of the rest of the bowel 
were ^normal. Death was due to the long-standing obstruction and starvation 
without any evidence of complication other than a small gastrojejniial ulcer winch 
probably did not hasten the time of death. 


TECHNIC 

Morphine-ether anesthesia and aseptic technic were used throughout. The 
end-to-side and lateral anastomoses were made with two rows of sutures. TJic 



Fig. 11. — Marked distention of stomach and jejunum down to obstruction at B 
in dog 489; moderate distention of duodenum and jejunum down to A, where it 
was interrupted; collapse of bowel below obstruction and the lateral anastomosis. 


bowel was interrupted by clamping, doubly ligating, cutting between the liga- 
tures and then inr-aginating the stumps with purse-string sutures. In the 
last four dogs, side-to-side anastomoses were used entirely; the results rvere 
better, as there rvas less danger from leaks. Whenever the bowel was 
interrupted in these last four dogs, the invaginated ends were approximated 
by tying the two purse-string sutures together. This not only prevented intus- 
susception of the distal part of the bowel, which otherwise occurred frequently, 
but also diminished the chance for the proximal part to blow out when the bowel 
became distended. Because of the high operative mortality in the two-stage pro- 
cedure, the three-stage was adopted. This gave far better results. In a small 
scries in which the obstruction and the anastomoses were performed at one time 
the mortality rate was 100 per cent. There was a marked tendency to loss of weight 
following the preliminary operations, and it was often impossible to overcome it 
even by forced feeding with hamburger and milk. This was especially true if the 
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secretions emptied into tlie lower ileum ; and was even more likely if the secretions 
did not have an opportunity to flow through the upper segment of jejunum as in 
the first three dogs. The factor which appeared to influence the results most 
favorably was the bringing of the weight up to normal or better before proceeding 
with the next stage. Dog 337 was the only one of a series of eight that survived 
the first stage. In a series of eighteen animals operated on like dog SIS, eight 
survived the first stage and when obstruction was performed, six- died before the 
sixth day from a complication ; however, one lived for thirteen days with a low 
obstruction near the cecum. In two dogs of the series of five which survived the 
second stage as described for dog 983, chronic jejunal ulcer developed. In one it 
occurred opposite the stoma, which perforated and caused general peritonitis and 
death. In the other animal, three ulcers were found in the jejunum just beyond 
the gastro-enterostomy. The best results were obtained by the three-stage pro- 
cedure as described for dogs 493, 492 and 489, these representing a third of the 
dogs used in this series. Concerning the blood chemistry, the plasma carbon 
dioxide capacity or combining power was determined in volumes per hundred 
cubic centimeters by the van Slyke method. The total whole blood chlorides were 
estimated as sodium chloride by Whitehorn’s modification of Volhard’s technic. 
The nonprotein and urea nitrogen determinations were made by Koch and 
lilcMeekin’s method. 

COMMENT 

Although the average length of life of clogs in which high intestinal 
obstruction has been produced is from two to eight days, according to 
Haden and Orr,® it lias been prolonged by several methods. The short- 
circuiting procedure described in this paper has resulted in prolonging 
it more than a month. Eisberg and Draper,” in a brief report of short- 
circuiting operations similar to that described for dog 337, stated that 
animals lived as long as seventeen days. When from 1 to 2 per cent 
sodium chloride solution is injected subcutaneously or intravenously 
daily into dogs with simple high obstruction, they live from three to 
four weeks.'” Similarly, two dogs into w'hich sodium chloride solution 
was injected in the same manner for the first five days, followed 
by a period of starvation, lived for twenty-one and twenty-eight days, 
respectivehc" If the pancreatic ducts are ligated and obstruction 
is then produced, dogs will live somewhat longer than the average, but 
life is not strikingly prolonged. 

There is no clear explanation for the increased length of life of 
dogs with the biliar}^ pancreatic and duodenal secretions short-circuited 

9. Eisberg and Draper; Intestinal Obstruction, J. A. M. A. 71:1634 (Nov. 16) 
1918. 

10. Haden and Orr (footnote 8). Hartwell; Hoguet, and Bickman; An 
Experimental Study of Intestinal Obstruction, Arch. Int. j\Ied. 13:70 (May) 1914. 

11. Foster, W. C, and Hausler, R. W.: Acute Intestinal Obstruction: Simple 
Obstruction, Arch. Int. Med. 36:31 (July) 1925. 

12. Sweet; Feet, and Hendrix: Ann. Surg. 63:720, 1916. Eisberg: Ann. 
Surg. 74:584,’ 1921. 
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below the point of obstruction of the bowel. If it is assumed that the 
cause of death in obstruction is a toxin, it would seem that dicse three 
secretions or one or a combination of any two must be responsible for the 
elaboration of the toxin in the obstructed bowel, because short-circuiting 
them below the obstruction prevents the rapid occurrence of death that 
ordinarily ensues. It is difficult to decide which of the secretions might 
be responsible for the formation of toxin. The bile has been separately 
excluded from the obstructed portion of the bowel without any appre- 
ciable effect on the length of life by Eisberg,” Draper and others. 
The pancreatic feecretion has been considered by Eisberg,'" Sweet, 
Draper and Maur}%i« Sweet, Feet and Hendrix '= and others as the 
important factor in the formation of the toxin. The duodenal secretion 
has been held to be the source of the toxic agent by Whipple, Stone, and 
Bernheim,^ Bunting and Jones,'" and others. 

Aside from the theory of the formation of toxin in tlie obstructed 
bowel another factor that must be considered is the loss of digestive 
secretions. In dogs approximately 500 or 600 cc. of bile, a like amount 
of pancreatic juice and about 100 cc. of duodenal secretion are poured 
into the upper end of the jejunum daily. When this amount of fluid 
empties into a short, obstructed loop of jejunum, it could hardly be 
expected to be absorbed daily. Its loss through vomiting without 
replacement would certainly produce a serious disturbance in 
the water balance of the body. These secretions are rich in 
minerals, , and the loss of this amount of mineral matter without 
replacement would also be injurious to the mineral balance of the body, 
especially because of the loss of sodium and of chloride ions.® Although 
a biliary fistula or a duodenal fistula from which the bile and pan- 
creatic juice have been excluded are compatible with life, a pancreatic 
fistula causes death in a few days.'® In this experiment, in which all 
three secretions empty into the bowel below the obstruction, the pro- 
longation of life for a month or more might well be explained on the 
basis of the prevention of a marked disturbance of the water and mineral 
balance of the body by resorption of these three secretions in the lower 
bowel. However, a point against this being an important factor is that 
death occurs in two or three da}^s in pyloric obstruction despite the 
fact that the secretions poured into the duodenum are below the point 
of obstruction. In this case the gastric secretion is lost. In the 


13. Eisberg (footnote 12, second reference). 

14. Draper; Am. J. M. Sc. 137:725, 1909. 

15. Sweet: Penn. M. J. 16:520, 1912-1913. 

_ 16. Draper, J. W., and ilaury; Death in Acute 
Kindred Conditions Due to Physiologic Disturbance, 


Intestinal Obstruction and 
J. M. A. 54:5 (Jan. 1) 


17. Bunting and Jones: J. Exper. Med, 17:192, 1913 
IS. Eiman and McCaughan: J. Exper. Med. 45:561, 1927. 
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experiment with the three secretions short-circuited below the high 
obstruction, there is a short segment of jejunum connected with the 
stomach from which there might be absorption of gastric secretion 
to some extent or in which changes might take place which alter 
the picture from that produced b}'’ pyloric obstruction. 

The clinical application of the results of this experiment depends 
on the interpretation which is made. If it is assumed that a toxin is 
formed in the obstructed portion of the boweh this would favor the 
use of jejunostomy at the time that an acute obstruction is relieved 
surgically to aid in the elimination of the stagnated toxic material as 
well as to lessen the distention believed to influence the absorption of 
the toxin. On the other hand, if it is assumed that death is due to a 
failure of resorption of the three normal digestive secretions, a 
jejunostomy at the time of operation for obstruction would be contra- 
indicated, because it would drain off material which would be of more 
value to the body if resorbed. An exception to this would be when the 
distention of the obstructed bowel was of such a degree that there was 
danger of perforation unless a jejunostomy was performed. Instead, 
the administration of large amounts of 0.9 per cent of sodium chloride 
solution subcutaneously or intravenously would be indicated to replace 
immediately the water and minerals which had been lost by failure of 
resorption. 

SUMMARY AND CONCLUSIONS 

1. Wheu^“ high obstruction was produced in six dogs, in which the 
biliary, pancreatic and duodenal secretions had been short-circuited into 
the bowel below the point of obstruction, they lived from twelve to 
thirty-three days. 

2. The general behavior of these dogs was not markedly changed 
following the obstruction until a few days before death. They drank 
from 300 to 500 cc. of water a day, ate meat occasionally, vomited about 
twice a week, averaged an output of from 200 to 300 cc. of urine 
a day, and passed small black or brown stools about twice a week. 

3. The weight of these dogs gradually declined as much as one-half 
in those which lived the longest; the average loss was 0.3 Kg. or 1.73 , 
per cent per day. 

4. The blood chemistry showed a gradual fall in chlorides and a 
gradual rise in the plasma carbon dioxide capacity. The nonprotein 
and urea nitrogen often showed a slight preliminary fall during the 
first ten or twelve days, followed by a gradual rise, which became 
marked just before death. 

5. Autopsy revealed distention of the stomach and the obstructed 
portion of the jejunum, which was most noticeable just above the point 

19. Jenkins: Proc. Soc. Exper. Biol. & Med. 26:464, 1929. 
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of obstruction. The microscopic sections of the organs did not demon- 
strate any marked changes, with the exception of the liver in which there 
was central hemorrhagic necrosis of the lobules. Death was due to 
complications in most of the dogs, although the two which lived the 
longest died from no determinable cause other than the long-standing 
obstruction and starvation. 

6. The explanation for this marked prolongation of life when these 
three secretions are short-circuited is not clear. Either these secretions 
are responsible for the formation of a toxin in the obstructed bowel 
which was prevented in this experiment, or, when resorbed in the lower 
bowel, they prolong life by preventing a marked upset in the water and 
mineral balance of the body, which is thought to be the case when they 
fail to be resorbed. 



LOCALIZATION OF BACTERIA IN TISSUES 
OF LOWERED RESISTANCE* 


W. WARREN SAGER, M.D. 

Fellow in Surgery 
AND 

ALLEN C. NICKEL, M.D. 

EOCHESTER, MINN. 

The secondary infection of a so-called sterile abscess, by the 
intravenous injection of streptococci, is an outgrowth of work on post- 
operative wound infection in which we are engaged. We are attempting 
to arrive at a method by whidi the incidence of sucli infections can be 
reduced. As part of this work we induced infection with a known 
number of bacteria in a surgical wound in a dog, and then irrigated the 
wound with various antiseptic and germicidal solutions. We observ’ed 
that an ordinary wound would heal, after contamination with a certain 
number of bacteria, without gross evidence of infection, such as oozingof 
pus, pus pockets, prolonged induration or sloughing of tissue. We also 
noted that certain wounds copiously irrigated with antiseptic solutions, 
would become infected even though the number of bacteria in each wound 
was less than that which a wound would usually dispose of without becom- 
ing grossly infected. In view of these facts we felt that another factor 
was involved; namely, that the traumatized or injured tissue of surgical 
wounds, because of its lowered resistance, might attract micro-organisms 
that were circulating in the blood. 

Hematogenous infection of wounds is recognized clinically, yet 
scientific . proof of its occurrence is infrequent. Findlay,^ however, 
gives an excellent resume of publications referring to this subject. He 
believes that histamine-lilre substances liberated in the traumatized places 
are the specific agents which cause organisms present in the blood 
stream to localize in these places. 

Frank," in reporting rare complications following scarlet fever, 
mentioned two children, aged 5 and 6 years, respectively, each of whom 
received 25 cc. of scarlet fever immune serum in the gluteal muscles 
on the second day of the disease. The temperature dropped to normal 
by the next day. In each case, on the fourth day of the illness, the 

* Submitted for publication, Nov. 6, 192S. 

^ From the Division of Experimental Bacteriology, The Mayo Foundation. 

1. Findia}', G. Marshall; Histamine and Infection, J. Path. & Bact. 31:633, 
1928.. 

2. Frank, Heinz : Kiinische nnd bakteriologische Beobachtungen an cinigen 
selterncn Scharlachkomplikationen, Deutsches Arch. f. klin. Med. 160:159, 1928. 
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temperature rose again, and there was tenderness at the site of the 
injection of the serum. Four days later, at the site of these injections 
there developed an abscess from which hemolytic streptococci were 
isolated in pure culture. The author concluded that either the strepto- 
cocci were present in the tissues before the injection of the serum or 
they entered afterward. 

Since surgical asepsis is only relative, we felt that the easiest and 
surest way to obtain traumatized, yet sterile, tissue was through the 
production of a sterile abscess. We tried various methods. Boiling 
water sometimes produced an abscess, yet the results were not uniform. 
Different strengths of aqueous solution of silver nitrate were tried. 
Weak solutions produced only superficial necrosis of the skin. A 10 per 
cent solution, however, caused localized edema, with resultant necrosis 
of the overlying and underlying tissues, and the picture was fairly 
constant. Definite caseation and purulent secretion did not result in 
these places, yet a serous fluid could be aspirated from them for cul- 
ture. It was essential that silver nitrate should not get into the peritoneal 
cavity, for ever}' rabbit in which this inadvertently happened died. 
Consequently, we did not attempt intramuscular injection, but made all 
injections subcutaneously. 

IIETHOD 

Rabbits were used exclusively, and the following procedure was 
adopted: After the hair had been removed from the abdomen and 
lower part of the chest of a rabbit, blood was aspirated from the heart, 
and cultures made from it were sterile. Two abscesses were then made 
on the abdomen by a subcutaneous injection of from 1.5 to 2 cc. of a 
10 per cent aqueous solution of silver nitrate for each abscess. Six to 
ten hours later, except in the control rabbits, .green-producing strepto- 
cocci were injected intravenously. The strains of bacteria used were 
three strains of green-producing streptococci. Each of these strains 
had been obtained from the gallbladder of rabbits which had been given 
intravenous injections of streptococci that had been obtained on cul- 
ture from surgically resected gallbladders in clinical cases. We used 
such strains because they are not the common contaminants in work 
with rabbits, and especially because they had shown elective localizing 
power which, if inherent long enough, might be used later for identifi- 
cation purposes. The dosage employed varied from 5 to 7 cc. and was 
that usually employed in animal tests. 

RESULTS 

Usually, within twenty-four hours after the injection, blood cultures 
were again sterile. Four or five days after injection, the sites where 
silver nitrate had been injected were raised and edematous Fluid 
aspirated from these places. 
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We had two sets of controls. In the first row of tlie table are 
listed six rabbits, blood cultures from which originally were sterile. 
Silver nitrate was then injected, and fluid, aspirated from the abscesses 
four or five days later, did not ijroduce growth in culture. The five 
rabbits in the second row were treated similarly, and cultures made from 
fluid from the abscesses in all five also were sterile. After we had 
proved that cultures from these abscesses were sterile, we injected 
streptococci intravenously. Even then, the blood of these rabbits 
became sterile; nevertheless, we were able to isolate the streptococcus 
from the abscesses of two of the five rabbits. Perhaps the reason for 
our failure to isolate the streptococcus from the abscesses in the three 
other rabbits was because of the fact that the processes of healing were 
rather far along by the time we made the cultures. Therefore, possibly 
the injected bacteria 'were unable to penetrate the tissue to enter the 

Table. — Experimental lufeetion of Sterile Abscesses by the Intravenous Injection 
of Streptococci Isolated from a Gallbladder Removed at Operation 
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abscesses. In the third row are listed seven rabbits which at the begin- 
ning of the experiment gave negative blood cultures. They then received 
injections of silver nitrate and, six to ten hours afterward, received an 
intravenous injection of green-producing streptococci. After four or 
five days, a green-producing • streptococcus was recovered from the 
abscesses of all seven rabbits, whereas the blood cultures of all were 
negative. At necropsy, a green-producing streptococcus was recovered 
from the contents of the gallbladders of four of the seven rabbits that 
received injections. In two of these four rabbits there were also gross 
lesions of the wall of the gallbladder. In the third rabbit, the bile was 
pale brown-green and thin, whereas in the fourth rabbit, the gallbladder 
and bile were grossly unchanged. Cultures from other organs were 
all sterile, and there were no other gross lesions. In order to determine 
further whether the strain isolated from the abscess was the same as 
that originally injected, the streptococcus obtained from an abscess was 
injected into two rabbits. In the last line of the table it is shown that 
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at necropsy the streptococcus which had been isolated from the abscess, 
localized in and was recovered from the gallbladders of both rabbits 
when injected intravenously ; all other cultures, however, were negative. 

COMMENT 

Since silver nitrate in a dilution of 1 1,000 is itself a germicide 
and prevents growth of the green-producing streptococcus in ordinary 
broth culture, and since we were able to isolate this streptococcus so 
constantly from the originally sterile abscesses but never from the con- 
trol abscesses, we believe that the strains so isolated were not contami- 
nants. Because the strains also became localized in the gallbladders of 
some of the rabbits and because even those strains that were recovered 
from abscesses tended to become localized in the gallbladder, rve feel 
that the strain isolated from the abscess was the same strain that origi- 
nally was introduced intravenously. These results suggest that bacteria 
tend to become localized in traumatized or injured tissues, such as ma)' 
be produced easily by surgical operations. Thej' raise the question 
whether a postoperative wound infection might not sometimes be of 
hematogenous origin in the course of transient bacteremia. They also 
show that bacteria may become localized in places of lowered resistance 
but that they also may possess selective action. In these instances, the 
bacteria sheeted the gallbladder, the region udiere they, originally had 
been obtained, and this indicates that the elective localizing power of 
microbes, as advocated by Rosenow, is a realit 3 c 

SUMMARY AND CONCLUSIONS 

1. In rabbits which originally gave negative blood cultures, abscesses 
made by the subcutaneous injection of silver nitrate remained sterile. 

2. A number of such abscesses became infected secondarily after the 
intravenous injection of bacteria. 

3. The organism isolated from the abscess resembled the organism 

originally introduced intravenously and had the same elective localizing 
power. ^ 

4. These results may explain why some clean surgical wounds 
become infected. 
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BLADDER 

Tumor. — Buiiipus,^^ in a study of records of cases of tumor of the 
bladder observed in the Mayo Clinic, attempted to estimate the benefit 
which ma}^ be expected from the various forms of treatment.' 

If the base of the tumor cannot be seen, it is not safe to judge the 
operabijity of the growth from its size, since growths that occupy the 
entire cavit}^ of the bladder frequently have pedicles not more than 1 or 
2 cm. in diameter. It is the custom in the clinic to explore supra- 
pubically in all cases of tumor of the bladder in -which the general 
condition of the patient allows surgical treatment. Of 465 suprapubic 
explorations of tumors of the bladder, it was possible to institute some 
form of treatment in all but sixty-six. Even without treatment, supra- 
pubic drainage afforded much relief by diminishing spasm and reducing 
secondary infection to a minimum. 

Not until the degree of malignancy has been determined can 
appropriate treatment be advised. If the tumor is comparative^ small 
and the degree of malignancy graded 1 or 2, its destruction by fulgu- 
ration through the C 3 -stoscope is advisable. The chief complication in 
these comparatively benign growths is recurrence ; Crenshaw estimated 
that there is recurrence in approximate!}'- one third of such cases. 

Diathermy is preferable to resection because of the slight deformity 
which results. Resection of a growth sometimes destroys the spherical 
contour of the bladder; there is a tendenej' to hour-glass deformity, 

35. Bumpus, H. C. : The Present Methods and Results of Treating Tumors of 
the Bladder. J. Urol. 21:371, 1929. 
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making it difficult for the bladder to empty satisfactorily, and residual 
infection occurs. Successful diathermy leaves only a scar at the site 
of the tumor, usually broad and not cordlike as after resection. 

Radium was used extensively for several years at the Mayo Clime 
in the treatment of tumors of the bladder. In some cases it was applied 
prior to operation through the cystoscope with the idea of irradiating 
the tumor so that any malignant cells left in the tissue would be incapa- 
ble of reproduction. This method was not successful, since the edema 
following irradiation made it difficult to determine the exact extent of 
the tumor. In forty-six cases radium was used, sometimes in con- 
junction with other surgical procedures. In fifteen cases the bladder 
was opened and radium emanation seeds were inserted into the growth, 

1 cm. apart. In twelve cases which were traced the average length of 
life after operation was six months. 

Diathermy was used in treating tumors of the bladder which were 
situated in such a way or were so extensive that resection or excision 
was not possible. If the growth was pedunculated, it was partially 
removed by excision and the remainder was removed by electrocoagu- 
lation. The length of convalescence has been observed to be in direct 
proportion to the extent of the growth. In tweuD'-nine cases in which 
diathermy has been used for the destruction of tumors in which malig- 
nancy ivas graded 3 or 4, sixteen of the patients are living and four 
are in the third year after treatment without recurrence and in good 
health. Of 179 patients with tumors of the bladder of the same degree 
, of malignancy, treated by various surgical measures, fifty are living, 
twenty-seven more than three years. This comparison indicates that 
diathermy, instead of replacing strictly surgical measures, has brought 
cases formerly thought to be hopeless within the scope of successful 
treatment. 


[Compilers’ Note. — Initial determination of the degree of malig- 
nancy and the size and site of the tumor, cystoscopic fulguration of 
small tumors graded 1 and 2, resection of small tumors when resection 
is not attended by marked subsequent deformity, partial resection com- 
bined with diathermy, or diathermy alone, in the more extensii^e tumors 
of higher degrees of malignancy, and a strong trend away from treat- 
ment by radium would seem to epitomize the present views of this 
writer. 


The report gives the impression that electrocoagulation finds a wide 
field for application in this branch of urologj', which has been so 
disappointing. The classification of tumors of the bladder is as yet 
much confused and the casual reader of urologic literature is often at 
a loss to correlate reports from different clinics in which a large number 
of patients are observed. Frontz and Barringer recentlr presented 
criteria for the treatment of tumors of the bladder by mdium aS 
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resection which are possibly somewhat at variance with the principles 
set forth by Bumpus in his report. The grading of epithelial neoplasms, 
although fairly exact in the hands of Broders and his co-workers, offers 
a wide opportunity for error in interpretation when applied by patholo- 
gists in general, due to the personal equation in determining degrees 
of cellular differentiation. Nevertheless, Bumpus has shown that 
electrocoagulation methods, alone or combined with resection, are likely 
to contend strongly for precedence over radiotherapeutic procedures 
in the treatment of vesical neoplasms in the immediate future.] 

Wilensky and Firestone reported a case of spontaneous dis- 
appearance of a papillary carcinoma of the bladder in a man, aged 
63 3 mars. The patient had mild diabetes and tabes dorsalis. General 
examination revealed that the pupils were unequal and irregular and 
did not react to light or in accommodation. Reflexes at the knee were 
absent. The Wassermann reaction was positive, -j. -j- -j_. Cysto- 
scqpic examination showed a papillary tumor \yith a broad base about 
1 cm. in diameter, on the posterior wall midway between the ureteral 
orifices, and just above the trigone. Pathologic examination of small 
specimens from the growth showed papillary carcinoma. Eight days 
after cystoscopic examination, a suprapubic incision in the median line 
was made, the bladder was opened, and its interior was exposed to full 
view. The entire bladder could be thoroughly and completely explored 
and palpated. A tumor was not present; the site from which the speci- 
men had been taken at biopsy could not be distinguished in any way 
from the remainder of the mucosa. The interior of the bladder was 
apparently normal. The bladder and abdominal wall were closed, and 
a suprapubic tube was left in for drainage. The patient died thirty- 
eight days afterward. Necropsy showed suppuration of the prevesical 
space and abdominal wall, with subacute cystitis and ascending p 3 felitis 
of the right kidne 3 ^ The bladder did not show evidence of malignant 
growth. 

Kretschmer and Barber reported a case of carcinoma in a diver- 
ticulum of the bladder, a condition which they have observed rarely. 
They stated that a diverticulum may be the seat of changes that are in 
line with other pathologic changes which occur in the bladder, such as 
infection, stone, tumor and leukoplakia. Cases are, generally not recog- 
nized until late in the course of the disease because patients delay in 
consulting physicians. The prognosis has been extremely bad in the 
past, and surgical results have been only mediocre. 

36. Wilensky, A. O., and Firestone, Abraham : Spontaneous Disappearance of 
Papillary Carcinoma of the Bladder, J. Urol. 21:611, 1929. 

37. Kretschmer, H. L., and Barber, K. E. : Carcinoma in a Bladder Diver- 
ticulum: Report of a Case and a Review of the Literature, J. Urol. 21:381, 1929. 
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stated that it is not common to find primary malignant 
disease in a diverticulum without involvement of the bladder. He 
reported five cases in which the primary epithelioma vvas confined to a 
diverticulum four of the patients he operated on. 

A man, aged 62 years, was operated on by Judd. At operation a 
papillary epithelioma was found almost to fill a diverticulum and to 
protrude through the opening of the diverticulum into the bladder, but 
the diverticulum alone was affected. The mucosa of the bladder u as 
free. The diverticulum was entirely excised. Six months later symp- 
toms of recurrence in the bladder were manifest. The patient died a 
year after the operation. 

In the second case, the patient, a man, aged 59 years, had a large, 
soft cystic mass, which filled the lower half of the abdomen. He died 
following cystostomy. At necropsy a large diverticulum was found 
empt3'ing into the right wall of the bladder. In its contracted state the 
diverticulum was as large as the bladder; if one is to judge from 
the size of the abdominal mass and the cystographic data, the diver- 
ticulum must have been at least twice the size of the bladder previous 
to drainage. It was relatively thin-rvalled, and its walls did not contain 
muscle fibers. A large foramen about 2 cm. in diameter communicated 
between the diverticulum and the bladder. The right ureter, which 
was double, united at the bladder, entered the diverticulum, and a true 
interureteral bar extended from one ureteral orifice in the diverticulum, 
through the foramen of communication, to the left ureteral orifice in 
the bladder. The wall of the bladder was greatly hypertrophied. In 
the lateral wall of the diverticulum, below the right ureteral orifice, 
were two flat, malignant-appearing lesions, one about 2 cm. and the 
other about 1 cm. in diameter, which, on microscopic examination, 
proved to be squamous cell epithelioma. 

Tlie third case was that of a man, aged 55 years, in whom extra- 
vesical excision of a diverticulum of the right base and transvesical 
excision of the left diverticulum were performed. The diverticulum 
on the right side was densely adherent and because the right ureter 
emptied into the bladder at the orifice of the diverticulum, it was divided 
and subsequently reimplanted into the bladder. The diverticulum on the 
right was about 4 cm. in diameter and contained a primary malignant 
papilloma 2 cm. in diameter, graded 2, entirelj^ confined within the 
diverticulum. 

TJie fourth case was that of a man, aged 70 years, in whom supra- 
pubic drainage of the diverticulum and bladder was instituted and 
mamtamed for about a month, when extravesical excision of the diver- 

21: h'l92?‘’ Divertiaila of the Bladder. J. Urol. 
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ticulum was carried out. The capacity of the diverticulum was about 
1 liter. On removal of the diverticulum a squamous cell epithelioma 
3 by 2 by 1.5 cm., graded 4, was found in its lateral wall away from 
the orifice of communication between the diverticulum and bladder 
and confined entirely to the diverticulum. Convalescence Avas satis- 
factory until the fifteenth day, when an attack of pulmonary embolism 
occurred, causing death twentj'- days after operation. 

The fifth case occurred in a man, aged 55 years. The bladder was 
explored under sacral anesthesia and block of the abdominal wall. The 
wall was greatly thickened, and there was extensive trabeculation. In 
the left lateral wall, above the ureteral orifice, an opening about 1.5 cm. 
in diameter led into a diverticulum with capacity larger than that of 
the bladder. There were two additional diverticula of the base of the 
bladder with their openings just lateral to the ureteral orifices. These 
diverticula were of about equal size and were about 7.5 cm. in diameter. 
The prostate gland was slightly enlarged intravesically and a moderate 
degree of cystitis was present. Extravesical excision of the large 
diverticulum of the left lateral wall Avas r'eadily accomplished. The 
diverticulum was 12.5 cm. in diameter. Examination disclosed a sessile 
tumor about 1 cm. in diameter situated Avell out in the lateral Avail 
of the diverticulum. Microscopic examination revealed an epithelioma 
graded 3. TransA'esical e.xcision of the diA'erticulum of the left base of 
the bladder by the Geraghty method AA'-as made. 

Stones in Children . — Belacesco stated that stones in the bladder 
of children are common in Rouniania. During a period of fifteen years 
he performed suprapubic cj'stostom}' in seventy-six cases; stones from 
1 mm. to 2 cm. in diameter Avere removed. The age varied from 
1 5 months to 3 years in twenty-one cases ; in tAventy-five cases it Avas 
betAveen 3 and 6 years, in fourteen cases between 6 and 9 years, and 
in sixteen cases, betAveen 9 and 18 years. All the patients Avere bo3's 
except one, a girl, aged 3 years. In scA-enty of the scA^enty-six cases the 
cystostomy orifice AA^as closed at operation; postoperative complications 
or long-standing fistula did not occur. In the remaining six cases, it 
was necessary to institute drainage, because the patient Avas in a gen- 
erally precarious state as a result of ascending infection. Four of these 
patients died. 

The main symptoms Avere incontinence, day and night, pain, sudden 
interruption in urination, and only rarely hematuria. A diagnosis Avas 
made in each instance by simple fluoroscopy. Balacesco stated that 
risk does not accompany primary suture of the bladder. 

39. Balacesco: Soi-v-anfe-scize cas dc calculs vcsicau.v dc I’enfant, Bull, ct 
mem. Soc. nat. de chir. 15:322, 1929. 
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Faralysis.—Boyd and Bailey^" stated that varying opinions exist 
among urologists as to the best method of handling retention of urine 
which occurs in cases of acute paralysis of the bladder. Some urologists 
advocate attempting to empty the bladder by massage of the prostate 
gland and pressure on the abdomen without catheterization. ^ Other 
urologists advocate intermittent catheterization; a few advocate indwell- 
ing catheters, and a few, suprapubic drainage. Boyd and Bailey stated 
the belief that suprapubic cystotomy is the procedure of choice in almost 
all of these cases. 

Usually in cases of injury to the spinal cord,' complete paralysis of 
the detrusor urinae muscles and active contraction of the internal 
sphincter occur at once. Urine accumulates in the bladder, the bladder 
distends to an enormous size, and in forty-eight hours there is usually 
an overflow incontinence of urine. If conditions are favorable, this 
gives way in four or five weeks to automatic urination. Before this 
the bladder will gradually begin to discharge at irregular intervals more 
and more of the content, as the result of which capacity of the organ is 
reduced slowly. If so-called automatic urination develops, a large 
quantity of urine is expelled at each micturition. 

Experience has shown that continuous drainage offered by supra- 
pubic cystotomy is superior to intermittent catheterization in the treat- 
ment of patients with paralyzed bladders. Catheterization is thus 
avoided. 

Eight cases of paralysis of the bladder were considered. In the 
first two cases operation was not performed. In the third case, in 
which paralysis was caused by infection of the spinal cord, suprapubic 
drainage relieved symptoms in the bladder. The fourth case was one 
of traumatic fracture of the spine. Drainage was established on 
account of severe infection. In the fifth and sixth cases the return 
of function was sufficient to permit removal of the suprapubic tube. 
In the two remaining cases the patients were paralyzed for life by 
traumatic accidents. Infection of the bladder developed after catheter- 
ization. The patients were in good health except for paralysis, one 
patient, twelve months, and the other nine months,' after suprapubic 
drainage. 

Priestley « stated that vesical paralysis is more likely to be caused 
by malignant tumors in the spinal cord than by benign tumors. Tumors 
in the cervical region, benign or malignant, cause vesical paralysis less 
frequently than tumors in any other situation. Malignant tumors 
cause paralysis of the bladder earlier after the appearance of the first 
neurologic sign than do benign tumors. Symptoms in the bladder may 

•h. Priestley. J. T.; The Spinal Cord Bladder, J. Urol. 21:635, 1929 
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be expected about six months after the first symptom in the cord, but 
there are wide variations in this time relationship. The usual symptoms 
in the bladder resulting from a tumor in the spinal cord are difficulty of 
urination, retention and incontinence of overflow. In cases of trauma 
to the spinal cord, retention is present from the start. 

The treatment of choice for retention due to lesions of the cord 
is noncatheterization and the development, if possible, of normal func- 
tion of the bladder. If this fails, emptying of the bladder by supra- 
pubic pressure is preferable to catheterization. In some cases suprapubic 
cystotomy is necessary. Priestley considered that the most impor- 
tant factors in the development of normal function of the bladder 
are noncatheterization, the utilization of mass reflejc action, the syste- 
matic use of suprapubic pressure and the presence of a noninfected 
bladder. 

[Compilers’ Note. — Infection in a paralyzed bladder is a condi- 
tion which every urologist approaches with apprehension. If there 
is retention, the easiest way is often chosen by the attending physician 
who catheterizes the patient before a urologic consultant is called. 
Priestley emphasized that if infection is to be avoided and the develop- 
ment of autonomic emptying is to be achieved, the catheter is to be held 
in abeyance even at the expense of cystotomy. Urologists mid neuro- 
logic surgeons of the present da}’ seem generally to concur in this 
opinion.] 

Fistula . — Legueu used the following method of transperitoneal 
closure in twenty-four cases of vesicovaginal fistula, with entirely satis- 
factory results. The patient is placed in an extreme Trendelenburg 
position, the abdomen is opened, and a self-retaining retractor is 
inserted. The peritoneal fold, which is reflected from the posterior wall 
of the bladder across the vaginal vault, is then exposed and brought 
into view. An incision is ne.xt made in the mediari fine through the 
posterior wall of the bladder and vault of the vagipa so as to expose 
the fistulous openings. The vagina and bladder are separated by means 
of sharp dissection until the fistulous openings are completely isolated. 
The bladder is mobilized on all sides at a distance from the fistula. 
The openings in the bladder and vagina are closed with interrupted 
catgut sutures. The peritoneal edges are approximated with fine 
chromic catgut and the incision through the abdominal parietes are 
closed in the usual manner. 

In the postoperative treatment of vesicovaginal fistula, overdisten- 
tion of the bladder should be prevented by the introduction of a perma- 
nent catheter into the bladder or by catheterization every four hours. 

42. Legueu, Felix: The Transperitoneal Closure of Vesicovaginal Fistulac, 
Surg. Gynec. Obst. 48:796, 1929. 
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[Compilers’ Note— The suprapubic approach, alone or combined 
with the vaginal route, for the treatment of vesicovaginal fistula seems 
to be growing in popularity. Young described a transvesical supra- 
pubic operation in 1927. His closure of the fistula was accomplished 
entirely from the intravesical site. In the same year Roeder desefibed 
a vaginal operation. He closed the fistula by dissecting free large 
vaginal flaps which were sutured together, the first suture line being 
inverted toward the bladder and this inversion being maintained by 
drawing the suture ends up through a cystotomy opening. Apparently 
Legueu attacked the fistula extravesically but from within the abdomen, 
which is somewhat of a departure from the usual technic.] 


PROSTATE GLAND 


Hypertrophy . — ^Randall commented on, two different types of 

prostatic enlargement called “middle lobe.” Anatomically there are two 
different glandular elements situated in the median line posteriorly, the 
posterior commissural glandular tissue, and the subcervical glandular 
tissue of Albarran. Either may undergo hypertroplty independently 
of the other or independently of growth of the lateral lobe. Likewise, 
either may undergo hypertrophy in conjunction with enlargement of 
the lateral lobe or in conjunction with one another. When the posterior 
commissural glandular tissue hypertrophies, it first causes thickening 
and elevation of the posterior vesical lip. On further hypertrophy the 
commissural tissue raises upward the apex of the trigone, the vesical 
lip, and the first portion of the floor of the urethra. The sphincter 
gradually drifts backward and behind the hypertrophying mass, and 
the ly^pertrophy is constantly confined by the prostatic capsule and 
always under the trigonal muscle. It ultimately grows to form a flat, 
thumblike projection in the cavity of the bladder, with widely separated 
clefts in the posterolateral angles. In cases of long standing, hyper- 
troph}' of the lateral lobes becomes evident. Hypertrophy of the sub- 
cervical gland starts as a small, rounded nodule just infrasphincteric and 
quickly becomes spheroidal. When it is large enough to push up 
through the sphincter, pedunculation has started, after which this 
characteristic is never lost or absent. Its only covering is the mucous 
membrane and its only attachment is its own ducts which form a 
definite pedicle. 

A differential diagnosis may be made b)^ combined rectal and 
cystoscopic study. On rectal examination, the posterior commissural 
hypertrophy presents a flattening out of the median prostatic groove 
with a broad flaring out of the upper lateral limits of the lobe and 


43. Randall, Alexander; Genesis, kIorpholog>', and Surgen' of 
Middle Lobe Hypertrophy, Ann. Surg. 88:112, 1928. ostatic 
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a greater mass of tissue in the intervesicular, subtrigonal region. 
Cystoscopic examination reveals generalized thickening of the posterior 
vesical lip, partial or complete obscuring of the trigone, and, with 
retraction of the instrument, a long distance is covered before the 
posterior urethra is entered. With an instrument in the urethra and 
a finger in the rectum, the thickened mass is readily felt, as the instru- 
ment easily remains in the median line and rides over the hypertrophic 
lobe. Subcer\'ical h3'pertrophy of the gland, because of its peduncu- 
lated character, presents easily recognized variations. The growth is 
intravesical; rectal examination is usually unsatisfactory and mislead- 
ing. If the cystoscope is passed it invariably enters to one side or 
the other of the lobe, rvhich may be mistaken for the rotundity of 
enlargement of the lateral lobe. 

The enucleation, starting intra-urethrally, includes about one lateral 
lobe and should pass across the urethra and the apex of the trigone. 
Then the finger goes di recti}' around the opposite lateral lobe, and the 
prostatic mass is removed in one piece. In hypertroph}' of the sub- 
cervical gland, its mucous membrane should not be saved but should 
be pinched off at once. Randall usuallj' placed a clamp on the lobe, 
simply twisting its pedicle to the point of rupture. If hypertrophy 
of the lateral lobe also is present, the suprapubic enucleation entails 
the removal of the subcervical lobe, and the eiiculeation of one lateral 
lobe, and the removal of the other lateral lobe. 

In perineal prostatectomy, subcervical h\'pertrophy presents a 
peculiar complication, since it does not lie within the prostatic capsule. 
Because the prostatic capsule is approached on its posterior surface, a 
complete lateral lobe and commissural growth may be removed, and 
hypertrophy of the subcervical lobe may be missed entirely. If clean 
enucleation has been performed on the lateral lobes, a subcervical lobe 
should be removed as follows : the prostatic tractor is withdrawn 
entirely, and with a spoon retractor or lobe forceps, entered through 
the urethrotomy incision, the lobe is grasped and an attempt is made 
to draw it dowm through the posterior urethra to a point at which its 
attachment may be ruptured and the mass may be removed. Because 
of such difficulties wdth hypertroph}' of the subcervical gland, Randall 
stated the belief that this type of enlargement belongs essentially to 
the suprapubic type of operation. 

[Compilers’ Note. — This differentiation of two types of median- 
lobe hypertrophy is often disregarded, especially by those who practice 
suprapubic operative technic and who clean out the intracapsular tissue 
from above. Although the subcervical gland type is not intracapsular, 
it will undoubtedly be removed when the intracapsular enucleation is 
done. In perineal prostatectomy it is possible entirely to escape the 
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removal of the nodular subcervical gland unless the precautions outlined 

Ijy Randall are observed.] • , , • 

Deaver described his technic for closure of the prostatic bed in 
suprapubic prostatectomy. -He does not use either the prostatic bag or 
gauze packing. The wound in the bladder is retracted laterally and 
fore and aft, with the use of the proper-sized Deaver retractors. A 
small, moist gauze pad is introduced into the fundus of the liladder, 
over which the upper retractor is placed, so that when traction is made 
the floor of the bladder will be level. This gives a good view of the 
wall of the bladder, the prostate gland, the ureteral orifices, and, after 
removal of the prostate gland, the prostatic bed. The margins of the 
wound are grasped and retracted with Allis forceps. An assistant 
places a finger in the rectum and carries the floor of the prostatic 
lied upward into the opening of the bed. With the aid of a Cameron 
light, bleeding points are ligated, and, with a curved needle of proper 
size dnd shape, the walls of the bed are appro.ximated laterally up to the 
torn end of the urethra. A soft rubber catheter is then carried into 
the bladder through the urethra and left in; a large rubber tube is 
placed in the bladder and the wound is closed up to this tube. A small 
piece of rubber-dam is placed in the prevesical space and removed on 
the second day. The suprapubic tube is taken out as soon as the 
urine is clear, and the catheter is left in the bladder until the supra- 
pubic wound has closed, after an average of from ten to fifteen days. 

Deaver expressed the belief that this technic minimizes the possibility 
of bleeding and infection. He does not advise closure of the prostatic 
bed in a badly infected l)ladder. He does not believe that closure of 
the prostatic bed is so easily accomplished in the two-stage operation on 
account of the more limited space and the lessened flexibility of the 
tissues following the primary operation. 

Deaver applies his method to the large prostatic bed, which shows 
little tendency to contract or to ooze in spite of irrigation and hot 
water, ^^b■lh the floor of the bed and the anterior wall of the rectum 
carried upward by the finger of the assistant in the rectum, chromic 
catgut sutures may be readily inserted. There is no danger of injuring 
the wall of the rectum, the assistant’s finger and the fascial and muscu- 
lar covering of the bowel being enough in evidence to allow avoidance 
of accidents if the needle is manipulated gently. Deaver stated the 
belief that his technic is less likely to be followed by contraction and 
stricture than the bag or gauze pack method. 

jCoMriLERs’ Note.— O ne of the advantages of this method would 
seem to be the almost immediate epitheiization of the prostatic bed 
a good principle in all urethral surgery. If such epitheiization can 
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be maintained from the beginning, better healing will unquestionablj 
ensue. Difficulties may be encountered in certain tj'pes of cases in 
which the prostatic enucleation has been accompanied by considerable 
trauma to the mucosa, which would lead to trouble in accurate approxi- 
mation of the end of the urethra to the mucous membrane of the orifice 
of the bladder.] 

Fullerton stated that prostatectomy has been made less a for- 
midable operation as a result of suitable preoperative preparation and 
the methods employed to control hemorrhage. The problem of infec- 
tion due to inadequate drainage has not yet been solved satisfactorily. 
Drainage b}' the suprapubic route is not altogether satisfactory. 

Fullerton now institutes drainage in cases of suprapubic prostatec- 
tomy through the perineum after removal of the prostate gland. The 
operation is carried out as follows : An incision is made in the 
perineum on one side, parallel to the ischiopubic ramus, and then crosses 
a transverse line from the bulb to the anterior part of the tuberosity 
of the ischium. The incision involves the skin only. The index finger 
of one hand is then introduced ; the base of the triangular ligament is 
felt and the finger is passed fonvard to the prostate gland. In doing 
so it passes above the levator ani muscle. A plug of gauze is tempo- 
rarily packed into the wound and the patient is placed in position for 
s'uprapubic prostatectomy, which is carried out in the usual wa}'. A^fith 
one index finger in the prostatic cavitj^ and the other in the perineal 
wound, the thickness of the septum to be traversed by the forceps is 
estimated. The septum in some cases is almost as thin as a sheet of 
note paper. It is readily perforated by a long' forceps, and a drainage 
tube about 1.25 cm. in diameter is drawn through. As it is essential 
to drain both the prostatic cavity and the bladder, the tube is passed 
well into the bladder; it is perforated by large holes up to the point 
at which it leaves the prostatic cavity for the ischiorectal fossa. A 
suprapubic drainage tube is also left in place. The perineal tube should 
then be left in place until the suprapubic wound has healed, and it 
should be clamped from time to time to encourage normal urination. 
The perineal wound does not leak, and on removal of the tube it heals 
without incident. Fullerton has not observed any infection of the 
ischiorectal fossa or any leakage through the perineal wound either 
during the time the tube was in position or after its removal. As soon 
as normal urination is established, the tube is removed. 

Young stated that he has watched Fullerton carry out his method 
of draining the bladder and prostatic cavity through the perineum in 
two cases. The procedure is done rapidly and adds little to the dura- 

45. Fullerton, Andrew; Drainage of the Bladder Through the Perineum After 
Suprapubic Prostatectomy, Brit. J. Urol. 1 : 7 , 1929. 

46. Young, H. H. : Discussion, Brit. J. Urol. 1:15, 1929, 
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tion or the complexity of the operation of suprapubic prostatectomy. 
Excellent drainage is obtained of the prostatic cavity from which the 
hypertrophied lobes have been removed, and also from the bladder, 
without any possibility of injury to the urethral sphincter or important 
vessels or nerves in this region. He stated the belief that this method 
affords an excellent opportunity for dependent perirenal drainage of the 
bladder and prostatic cavity, the absence of which has been one of the 
chief objections to suprapubic prostatectomy. From the ease with 
which the prostate gland is reached by this operation. Young suggested 
that abscess of the prostate gland and perhaps other conditions might 
be dealt with by this route. 

Carcinoma. — Barringer," in order to illustrate the futility of treat- 
ment in most cases of carcinoma of the prostate gland, classified 
202 consecutive cases with reference to the duration of life after 
examination and treatment. Eighteen of the 202 cases were not traced 
to termination. Fifteen patients lived more than three years, six li\-ed 
more than four years, six lived more than five years and three lived 
more than seven years. Only thirty patients (15 per cent) lived for 
a reasonable length of time after the first examination. Only a 
moderately small number of those with extensive disease were benefited 
by treatment. 

In any attempt to control carcinoma of the prostate gland, Barringer 
considered it essential that every man aged 55 or more should be 
examined by rectum with the same regularity with which blood pressure, 
heart and urine are examined. Ewing stated the belief that the reten- 
tion of irritating secretions and inflammatory changes play some part in 
carcinoma of both the prostatic gland and the breast. 

Certain prostatic carcinomas (approximately 5 per cent) are greatly 
affected by irradiation by means of either radium or the roentgen 
ra,v. If tiie patient is in excellent condition and has not lost weight, 
he should have one course of deep roentgen treatment to determine 
whether the carcinoma is radiosensitive. Barringer gathered evidence, 
from both pathologic specimens and clinical data, to show that operation 
rarcl}- removes all of the prostatic carcinoma. Operation should be 
followed by persistent irradiation of the prostatic bed and the lymphatics 
around the seminal vesicles. 

Fifteen of a series of twenty patients with papillary carcinoma of 
the bladder were free from carcinoma during the period of observation • 
eleven had been observed for more than five years. Of fifty-one 
patients with infiltrating carcinoma of the bladder, eighteen were free 
from the disease ; twelve had been free for more than five years 

4/. BwrinRcr, B. S.: Carcinoma of the Prostate and Bladder, New EnvI^na T 
Jicd. 198:117, 1928. -^“Siana j. 
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Prei'ious to 1927, Barringer made ninety-four suprapubic implanta- 
tions of radium in ninety cases, with a mortality of slightly more than 
3 per cent. Operation was performed in two cases; both patients 
died. One patient, who was operated on three times, was alive and free 
from carcinoma seven years after the first operation. There were five 
cases of papilloma, ten of papillarj^ carcinoma and seventy-nine of 
infiltrating carcinoma. The mortality after radium compared with the 
mortality after operative removal of carcinoma of the bladder (between 
10 and 20 per cent) shows that by the use of radium a good number 
of lives might be saved. 

Barringer pointed out several significant factors in the performance 
of the suprapubic implantation of radium; (1) the contents of the 
bladder should not be spilled into the open wound; this is best pre- 
vented by emptying the bladder 133 ^ means of an aspirating device, 
padding the wound well, and removing an}' soiled pads after the bladder 
is empt}'; (2) removal b}' cauter}' of the quickl}' heating electric type 
of protruding parts of the tumor to minimize bleeding and control 
infection; this method is particularly valuable if the tun}or is of the 
sloughing, badly infected type; (3) if the tumor is large and if bleeding 
has been severe, or if the bladder is badly infected, drainage should be 
instituted; a rubber drainage tube should be inserted and removed 
when bleeding has stopped or when infection has been controlled, gen- 
erally at the end of several days, and (4) the radium method of 
choice is the implantation of gold tubes of radium, of a strength of 
about 2 cm., placed 1.5 cm. apart throughout the base of the growth. 

[Compilers’ Note. — Barringer’s statistics are noteworth}', con- 
firming as they do the rather ominous outlook for cure in carcinoma 
of the prostate gland, regardless of the type of treatment employed. 
The report of Bumpus (1926) from the Mayo Clinic revealed clearly 
how futile efforts in this direction have been. At that institution, 
surgical or radiotherapeutic procedures are not usually employed except 
in cases in which there is definite obstruction or in which the condition 
is discovered in the course of prostatectomy for lesions which are 
clinically benign. 

However, Barringer and Young have not been so pessimistic and 
stated the belief that, although cure from radium or prolongation of 
life may seldom be effected, }'et its application, together with deep 
roentgen treatment, may frequently make the patient more comfortable. 
Young has also reported a few cases of cure over a period of years 
from his radical operation. Practically, it would seem from the 
statistics available that there is little to offer the patient with prostatic 
carcinoma except in early cases in which carcinoma is found in hyper- 
trophied prostate glands after surgical removal. Here intensive roentgen 
or radium treatment or a combination of both is said to give fair 
results. 
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Barringer has long been an advocate of the method of implanting 
radium seed in papillary carcinoma of the bladder. Even yet the 
clinicopathologic classification of neoplasm of the bladder is confused, 
although the work of Broders in grading these tumors seems to be 
gaining acceptance and is doing much to stabilize ideas on the subject. 
Thus Bumpus, in a recent article, designated epitheliomas graded 1 or 
2 (Broders’ classification) as amenable to successful treatment by 
endoscopic fulguration, cauterization or electrocoagulation by diathermy 
through a cystotomy opening when the growth is extensive. Tumors 
graded 3 and 4 are to be treated by resection or by diathermy applied 
through the open bladder when the extent and site of the growth makes 
resection impossible. The patient is enjoined to report for cystoscopic 
examination every few months ; at such times recurrences are diligently 
sought and, if found, fulgurated. Thus urologists at the Mayo Clinic 
write in a hopeful spirit, and their initial results seem to justify the 
method. Nevertheless there are those who follow Barringer and believe 
that implantation of radium seed still has a distinct field of usefulness.] 

Wildbolz'*® stated that operative procedures in cases of prostatic 
hypertrophy are successful and satisfactory. The operation is still a 
formidable procedure arid has not been attended with good results. In 
the last twenty years a few cures have been reported. Because of the 
poor results generally obtained from operation, attention was directed 
to roentgen and radium treatment. Little benefit seemed to be derived 
from either, and in some instances the growths appeared to be stimu- 
lated. In recent years many surgeons have resorted to palliative mea- 
sures, such as catheterization and suprapubic drainage. 

Only in recent years have statistics of operation for prostatic 
carcinoma become available. Bumpus reported 164 cases, in twenty-one 
of which the patients were living and well five years after operation. 
Even if patients were not cured, life was prolonged. Young reported 
on twenty of his own patients, fourteen of whom (70 per cent) were 
living and rvell three years after operation. Marion reported that the 
majority of patients on whom prostatectomy had been performed for 
carcinoma was alive and free from urinary distress from one to five 
years after operation. Two of the patients were alive four and six 
years after operation, although local recurrence could be demonstrated. 
Only three of the fort 3 '-eight patients appeared to be cured ten, seven 
and four and a half years after operation. Wildbolz operated on 
forty patients with carcinoma of the prostate gland. Three of these 
(7.5 per ceirt) died after operation of other complications; two were 
not traced. Thirteen (30.2 per cent) died from one and a half to 


48. Wildbol 
Schweiz, mecl 


z Hans: Die Erfolge operativer Therapie des Prosfafskarzinoms 
WcUnschr. 58:726. 1928. ’ 
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three years after operation from multiple metastasis or local recur- 
rence; four died from one to three years after operation from inter- 
current disease without signs of recurrence. In six cases there was 
no sign of recurrence from one to three years after operation. Twelve 
patients (30 per cent) lived longer than three years without any sign 
of recurrence, but two of them died of recurrences six and nine years 
after operation; they had been regularly examined and had not shown 
signs of carcinoma until the stated time. A third patient died fifteen 
3 ’ears after operation, at the age of 85 years, from severe cystitis, but 
without evidence of prostatic enlargement. Wildbolz had observed the 
condition of this patient for ten years without noting signs of recur- 
rence. Of the remaining patients who lived longer than three )'ears 
and were free from recurrence, one lived nine years after operation, 
two lived six years, and one patient lived five 3 'ears. Five patients are 
still living fourteen, ten, six and four (two patients) years after 
operation. 

The condition was operable in only forty of the 145 patients; 
105 were treated S 3 'mptomatically and died in from one to three years. 
Wildbolz Stated the belief that early diagnosis is one of the prime 
factors in an 3 f attempt to cure carcinoma of the prostate gland by 
surgical measures. Symptoms of prostatic carcinoma are not apparent 
until late in the course of the disease. According to the literature, in 
from 15 to 20 per cent of the cases of prostatic enlargement the 
condition is malignant. Wildbolz noted that one of every five to si.x 
patients with prostatic enlargement had carcinoma. Bleeding from the 
gland has been found to occur onty rarely in carcinoma; it usually 
occurs in benign hypertrophy^ of the prostate gland. Neurologic pains 
in the region of the perineum, sacrum or thighs are usually indicative 
of the extension of the tumor outside the prostatic capsule. 

Rectal palpation of the prostate gland is the only method of deter- 
niining carcinoma early. As soon as one or both lobes lose their 
resilience and become boardlike or nodular, carcinoma is definitely indi- 
cated. Inflammatory^ induration and prostatic calculi should be differ- 
entiated. Stones are to be differentiated by' a crunching sensation on 
palpation. ’ Most inflammatory' tissue is not so hard as carcinomatous 
tissue, although there are difficult borderline cases. Wildbolz erred 
in the diagnosis in two cases. Carcinoma of the prostate gland is not 
always to be felt rectally. The soft type of malignant growth is rare. 
Young found seven cases in 250 cases of prostatectomy. Wildbolz 
found three cases in his series. 

Wildbolz agreed with Young that the perineal route is superior to 
the suprapubic for prostatectomy', since there is always a possibility 
that carcinoma will be found. By this route the prostatic capsule and 
seminal vesicles may be removed if necessary. By cutting through the 
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prostatic capsule, carcinoma may be identified even before enucleation 
is begun; thus it is possible to change the operative technic. Even 
with complete resection of the prostate gland and capsule, the sphincters 
may be seen and saved, and continence will be as satisfactory as after 
the suprapubic operation. Wildbolz stated that the objections, pro- 
longed healing of the wound, the formation of fistula, and incontinence, 
have not been encountered in his cases in which operation has been 
performed by, the perineal route. 

[Compilers’ Note. — It is unfortunate that there is no criterion for 
the early diagnosis of malignant conditions of the prostate gland. If 
such a diagnosis can be made by palpation rectally or by biopsy by the 
urethra, frequently the process is too far advanced for surgical pro- 
cedures to offer anything more than palliation. Methods of obtaining 
tissue by perineal incision are mainly unsatisfactory. Also, the symp- 
toms are often obscure and the patient and the family physician con- 
fuse the condition with arthritis, sciatica and neuritis until the disease 
is advanced. Bumpus, in a review of a large number of cases, stated 
his belief that the best chance for cure is in the early cases in -which 
histologic diagnosis has been made from the gland that has been 
removed presumably for benign disease. Since the incidence of 
carcinoma in disease of the prostate gland is one in five or six, and 
the suprapubic operation is totally inadequate for the treatment of 
malignant disease, we agree with Wildbolz that this is one of the 
strongest arguments for the perineal operation in prostatic hypertrophy.] 

Abscess . — Peterson stated that abscess of the prostate gland may 
occur by direct e.xtension of a gonorrheal infection in the posterior part 
of the urethra, or by metastatic involvement of the gland and from 
some distant or general infection. 

Peterson reported seven cases of abscess of the prostate gland. In 
operating he introduces the Young prostatic tractor into the bladder 
in order to pull the prostate gland against the perineum. He uses the 
inverted U-incision, the skin and fat being cut through. Blunt 
dissection is then carried out on each side of the central tendon of the 
perineum, with exposure of the prostatic capsule. The central tendon 
is not severed but is pulled to one side of the median line by narrow- 
bladed retractors. A longitudinal incision is made into the gland and 
the cavity is explored with the finger to break down any septums. 

Peterson noted that softening and fluctuation of the prostate gland 
is not a constant observation in the presence of an abscess. In some 
cases he lyas not certain that abscess existed until the capsule itself 
had been incised and blunt forceps had been introduced into the sub- 
stance of the gland. 


49. Peterson, Antlers: Prostatic Abscess, J. A. :M. .-y. 92:130 (Jan. 12) 1929 
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Ciimming '‘o reported a case of sudden massive destruction of the 
prostate gland, with resulting dysfunction of the bladder. Retention, 
incontinence and severe secondary hemorrhage were complications. A 
complete history, cysto-urethroscopic studies and urography are sig- 
nificant factors in making the diagnosis. Satisfactory surgical inter- 
vention consisted of merging of the bladder and the e.xtravesical 
pseudodiverticular cavity. 

URETHRA 

Tumor. — Fukai reported four cases of carcinoma of the urethra 
in men ; two patients died following operation. Primary carcinoma of 
the male urethra is relatively rare; only eighty-four cases were noted 
in the literature, including those reported by Fukai. In fift)'-five cases 
(60 per cent) there was a history of gonorrhea and in 12.7 per cent 
a history of trauma. It was often found that the carcinoma had 
developed on a gonorrheal or traumatic stricture. The seat of the 
disease was most commonl}^ in the pars cavernosa, with predilection for 
the bulb or the structures in its vicinity. The early symptoms are 
similar to those occurring in ordinary stricture. Fukai stated the 
belief that every stricture and subsequent condition should be investi- 
gated for carcinoma, especially if the stricture has occurred in old 
age without a history of gonorrhea or if it becomes rapidly worse. 
Gumma should be eliminated in the diagnosis; although of infrequent 
occurrence, it can easily be confused with carcinoma. Early operation 
is desirable. 

In sixty-two cases there were thirty-four radical operations, with 
sixteen deaths; in the remaining twenty-eight cases the mortality was 
71 per cent. Histologically, the condition in all cases is squamous 
cell carcinoma. The determination of glandular metastatic carcinoma 
can be made only histologically. 

Huggins and Curtis reported a case of carcinoma of the urethra 
of a man in which they observed the indolent course of the lesion. 
Carcinoma of the urethra may cause periurethral abscess and stricture, 
which clinically are not distinguishable from the usual variety of 
primary types. If biopsy is to be effective in the diagnosis, it must 
include the urethral mucosa. The results from radical operation were 
apparently good. 

50. Cumming, R. E. : Bladder Dysfunction Following Prostatic Abscess, J. A. 
M. A. 92:128 (Jan. 12) 1929. 

51. Fukai, A.: Ueber das primare Carcinom der mannlicbcn Urethra, Acta 
derm.-venereol. 11:1, 1928. 

52. Huggins, C. B., and Curtis, G. M.: Carcinoma of the Male Urethra with a 
Technique of Penis E.xtirpation, Surg. Gynec. Obst. 48:544, 1929. 
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Obstruction.— Yonng and McKay stated that congenital obstruc- 
tion of the prostatic urethra always occurs as one of three types. In 
the most common type there is a ridge lying on the floor of the urethra, 
continuous with the verumontaiium, which takes an anterior course and 
divides into two forklike processes in the region of the bulbomem- 
branous juncture. These processes continue as thin membranous 
sheets, directing upward and forward, which may be attached to the 
urethra throughout its entire circumference. In most cases of this 
type, the fusion of the valves anteriorly is not complete. Slight sepa- 
ration of the folds exists at this point. In the second type there is a 
more or less cylindric ridge similar to that found in the preceding 
type, with the exception that it passes over the upper aspect of the 
verumontanum toward the internal sphincter. It divides into two fork- 
like processes, which continue as membranous sheets and are attached 
to the urethra outside the internal sphincter. The third type has been 
found at different levels of the posterior urethra and apparently does 
not bear any relation to the verumontanum. It is similar in shape to 
tile iris of the eye. This obstruction is attached to the inner circumfer- 
ence of the urethra, there being a small opening in the center. 

The symptoms may be those brought about by local obstruction to 
urination, or from the backpressure on the kidneys producing renal 
injury, insufficiency and uremia. There may be dribbling, frequency, 
and incontinence, of the type which results from the overflow of a 
distended bladder which never becomes completely emptied. 

Careful abdominal examination should be made to determine 
whether tlie bladder, ureters and kidneys are palpably dilated. Instru- 
mentation of the urethra should be carried out delicately to detect the 
valves, to note the position, and, if obstruction is met, to find the 
instrument, generally a small pointed urethral catheter, which can be 
passed through the slit between the valves to catheterize the bladder. 
Cystoscopic examination should be carried out as soon as the condition 
of the patient permits. By careful manipulation of a child’s small 
c.vstoscope, the slit between the two valves can usually be penetrated. 

Practically the same preparatory treatment is necessary^ in these 
cases of prostatic urethral obstruction as in cases of prostatic hyper- 
trophy u'ith marked backpressure and much residual urine. Drainage 
should be maintained until the drop in nonprotein nitrogen and increase 
m output of phcnolsulphonphthalein are sufficient to warrant the slight 
operation necessary' to remove the valves. 

A number 7 French punch instrument is passed into the urethra, 
and. by careful manipulation, through the aperture between the valves 


53. Vounp, H. H.. and McKay, R. W.: Congenital Valvular Obstruction of 
Uic 1 rostatic Urethra, Surg. Gynec. Obst. 48:509, 1929. 
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and on into the bladder. The bladder is then washed out and filled 
again with a weak antiseptic solution. Only one valve is removed at 
the first operation. If the obstruction has not been completely relieved, 
it may be advisable to make another cj^stoscopic examination to deter- 
mine the presence of a remaining valve and to make an additional 
cut with the punch instrument on the opposite side. Tulguration was 
first carried out by means of the high frequency current and a ureter- 
catheterizing cystoscope, the valves being destroyed by fulguration. 
The prognosis depends largely on the extent of the obstruction, the 
character of the renal impairment, and the general condition of the 
patient. 

Young and McKay reported twenty-one cases of a congenital valve 
of the posterior urethra observed at the Brady Urological Institute, 
in fifteen of which operation had been performed successfulty. Nine 
of the patients were less than 16 years of age. The authors reviewed 
forty-one cases from the literature, in twelve of which operation was 
performed. 

Divcrticulwn . — Gorowitz stated that diverticula of the urethra in 
females are not congenital. They occur late in life by the influence of 
various mechanical, traumatic or inflammatory acquired factors. They 
often remain latent for a long period and become manifest through 
secondary conditions, such as infection, inflammation, and sometimes 
disease of the bladder. Palliative treatment is unsatisfactory; the best 
results are obtained b}' operation. 

Stricture. — Campbell®’ reported a study of 1,244 cases of stricture 
in the urethra of the male. He concluded that more than 90 per cent of 
such strictures are of inflammator}'' origin, and that the condition 
depends on the severity of the urethritis rather than on the duration. 
Usually the strictures are multiple clinically, although thej' may he 
single pathologically. Traumatic strictures are usually single. Nephrop- 
athy secondary to obstruction by stricture is of significance. The 
author treats stricture on the basis of renal injury and infection. 
Dilatation is the nonoperative or palliative treatment, and its employ- 
ment must be persistent and prolonged. The indications for operation 
are failure of response to dilatation, and certain conrplicating infec- 
tions. Strictures of the pendulous urethra and scrotal bulb are cut by 
internal urethrotomy, preferably under spinal anesthesia. An indwell- 
ing catheter provides drainage of the bladder and checks bleeding. 
For deeper strictures perineal section is usually necessary, in which 
case a perineal bladder tube should always be used. Extensive multiple 

54. Gorowitz, P. : Ueber Divertikel der weiblichen Harnobre, Ztschr. f. Urol. 
22:183, 1928. 

55. Campbell, JI. F.: Stricture of the Male Urethra, Ann. Surg. 89:3/9, 19-9. 
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strictures may require both external and internal urethrotomy. Dila- 
tation with sounds, beginning from seven to ten days after urethrotomy 
and continuing every five or ten days thereafter until the canal main- 
tains a normal caliber, should be performed, with rare exception. 
Numerous postoperative complications may develop, many of which are 
potentially fatal. The immediate mortality is about 5 per cent. J\Iost 
patients me improved by operation. A third will require reoperation, 
two thirds of these within ten years. Gentleness is a prime consider- 
ation in all urethral instrumentation. Campbell stated the belief that it 
is of greater importance than asepsis. 

Flandrin stated that suprapubic drainage, which is so frequently 
I'esorted to in cases of traumatic rupture of the urethra, hypospadias, 
and resection of traumatic strictures, has given,' in Legueu’s service, 
excellent results when used as the first-stage operation in cases of 
complicated stricture of the urethra. Flandrin gave the following indi- 
cations for its use ; strictures which render catheterization difficult and 
which are accompanied by distention of the bladder; tight and multiple 
strictures associated with extensive urethral infection and balanitis; 
tight and hard strictures accompanied by localized subacute periuerthri- 
tis, and tight and hard strictures, with fistulous or nonfistulous chronic 
periurethritis. 


TESTES, EPIDIDYMIS AND SEMINAL VESICLES 


Vudcsccnded Testes . — Higgins and Welti stated that statistics 
compiled liy various authors agree regarding the frequency of unde- 
scended testes. jMarshall reported an incidence of 1.02 per cent in 
10,800 men examined. Ziebert, in examination of men for the 
Austrian arm)-, reported 14,057 cases among 6,962,543 men, an inci- 
dence of 0.2 per cent. 

Faulty descent of the testis occurs most commonly on the right 
side. Grossly, the undescended testis is usually smaller, less elastic, 
and less firm in consistence than is a normal testis. Ombredanne 
observed that before puberty an ectopic testis looks, on section, like a 
normal child's testis. Its epithelial cells are normal. The interstitial 
cells are proportionately more numerous than those of an adult’s testis, 
but this is normal in a child. After puberty the interstitial cells are 
numerous, which is an argument against orchidectomy, if it can be 
avoided. Only a few spennatogones are found after puberty, rarely 
spermatids, and never spermatozoids. If an operation is to be useful. 


56. Fi.indrin. P.; La cystosfomie liypogastrique temporaire dans le traitement 
«cs rctrecisscmcnts compliquecs de I'uretre, Paris mcd. 69:335, 1928. 

5/. Higgins, C. C., and tVehi. H.: Surgical Treatment of Undescended 
Testicles. Siirg. Graicc. Obst. 48:536, 1929. uescenaed 
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it must be done before puberty because at that time the testis is normal 
and it can be hoped that if the testis is placed in a normal position it 
will grow normally. 

Of 452 cases of malignant growths of the testis reported by 
Cunningham, 412 occurred in normally placed testes. Ombredanne 
pointed out that, although a malignant growth is frequently observed 
in these cases, it occurs onl}^ in adults. Torsion may also occur, 
especially in cases of so-called migrating testes. In these cases, because 
of a congenital deficiencx' in the internal oblique muscle and its con- 
joined tendon, the testis can more readily be moved upward and down- 
ward. The association of an undescended testis with hernia has long 
been recognized. In a series of 80,736 cases of hernia there were 
1,357 undescended testes. Ati'oph}' results if the testis is not restored 
to the normal position. 

There are various opinions as to the correct age for operation. It 
should be done before the age of puberty is reached, and preferably 
between the ages of 8 and 12 years. If by manipulation the testis can 
be brought to the bottom of the scrotum, operation is contraindicated, 
since under these circumstances descent will always occur at the age 
of puberty. If the testis cannot be found clinically, operation is 
indicated. 

Higgins and Welti performed transscrotal orchidopexy, a procedure 
which has been performed by Ombredanne for twenty years in many 
hundreds of cases. The usual incision for inguinal hernia is made, and 
the anterior wall of the inguinal canal is incised. The cord is then 
exposed and isolated. The canal is explored. A radical operation for 
hernia should be performed at this stage. If the canal is not occupied 
by a hernia, obliteration of the canal is not necessary, since it will 
close spontaneously after operation if the wall of the inguinal canal has 
been restored in front of it. A sliding knot is then placed above the 
gland and the testis is covered with a warm compress. The scrotal 
raphe is marked with two clamps and is held gently. With the left 
index finger, a passage is made into the scrotum, beginning at the 
inguinal incision, and progressing toward the middle of the sac 
diagonally opposite. When the elastic septum is reached, it is forced, 
back and the skin of the scrotum on the opposite side is raised. On 
the side of the scrotum elevated by the index finger, a vertical incision 
approximately 3 cm. in length is made. The septum becomes visible, 
being recognized by its xvhite color. Bj' means of a compress the two 
cutaneous lips are pushed back along the finger xx'hich is pushing the 
septum in the inverse direction. Separation is thus accomplished and 
a place for the testis is secured. The septum, xvhich has been elevated 
by the index finger, is pushed back, is grasped above and below, and 
is then incised vertically between clamps. The free ends of the catgut. 
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nil 


the slip-knot of which has been placed around the neck of the gland, 
are grasped and brought through the opening in the septum. 

[Compilers’ Note. — In this country the operations of Bevan and 
of Torek for undescended testes have been much in vogue during the 
last few years, and the operation of Ombredanne seems to have been 
seldom used. As described by Higgins and Welti, this operation has 
the advantage of being a one-stage procedure, so far as each side is 
concerned, and is more easily applied if the vas deferens is short. The 
excellent results reported seem to indicate that the Ombredanne technic 
is worthy of trial.] 

TE&crciiiorir.— HinmaiH® stated that one of the prominent char- 
acteristics of genito-urinary tuberculosis is its tendency to spread from 
one part of the tract to the other, regardless of whether the primary 
lesion is in the urinary or genital tract. Renal tuberculosis in the male 
is more common than genital tuberculosis, the average incidence of 
which is 0.5 per cent, whereas that of renal tuberculosis is estimated as 
from 1 to 5 per cent. 

Of Hinman’s fifty-one cases of genital tuberculosis, only twenty 
(39.4 per cent) were primary in the genital tract; the others were 
associated with active tuberculosis elsewhere in the body. A significant 
clinical fact in the treatment of renal tuberculosis is that the infection 
begins in one kidney and is manifested in the other kidney in the late 
stages of the disease except in cases of a miliary type. Early nephrec- 
tomy is the treatment of choice to prevent extension of the disease to 
other parts of the tract. 

Whether the primary lesion in genital tuberculosis occurs in the 
epididymis or seminal vesicle and prostate gland is still a controversial 
subject. Those who maintain that the primary focus is in the epididymis 
]3oint out that primarj' tuberculous epidid}’mitis is frequently observed 
to occur independently, whereas if genital tuberculosis exists, the 
whole tract is generally involved, the spread being from the priman- 
lesion in the epididymis. The extent of a lesion cannot be taken as an 
indication of its duration ; involvement of the opposite epididymis may 
he hematogenous. Lesions in the epididymis may have been over- 
looked in cases in which the lesion was supposedly in the prostate 
gland and the bladder primarily. In the majority of cases simple 
cpididymectomy effects improvement or arrest of the lesion recog- 
nir.ed clinically as in the bladder and in the prostate gland. Tuber- 
culosis of the seminal vesicles and prostate gland is rarelv recognized 
m the ab.sencc of involvement of the epididymis. The presence of 
tuberculosis in the seminal vesicles or prostate gland, as indicated by the 


5S. 

tn'nhai 


Himiian, Frank: Tlic Surgical Treatment of Lower Tract Tuberculosi 
and VcMcal, J. Urol. 20:521, 1928. 
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presence of nodules, without evidence of disease in the epididymis, is 
more common. Tuberculous epidid}'mitis rarely occurs alone, and it 
is often preceded by symptoms of vesiculitis or prostatitis Whenever 
the epididymis is affected by tuberculosis, the initial lesion is in the 
globus minor; the globus minor is also first involved when the disease 
spreads to the opposite epididymis. From the globus minor it extends 
to the body and globus major, making a 100 per cent involvement of 
the globus minor. Pathologic facts supporting the belief that the 
lesion is primary in the seminal vesicles or prostate gland are; 

(1) lesions of the epidid3miis alone are rarely found at necropsy, 
whereas tuberculous lesions of the seminal vesicles and prostate gland 
unaccompanied by lesions in the epididymis are frequently reported; 

(2) in cases in which the disease affects the whole genital tract, the 
lesions in the seminal vesicles and prostate gland generally have the 
appearance of being more advanced and older, and (3) lesions in the 
globus piinor of the epididymis appear to be older and more advanced 
than those of the body or globus major. 

Hinman observed seventeen cases of epididymitis without clinical 
evidence of vesiculitis. In eleven cases simple epididymectomy was 
performed; in six cases the treatment was nonsurgical. Five patients 
were not traced. Of those operated on, four had bilateral epididymec- 
tomy, four had right epididymectomy^ and three had left epididymec- 
tomy^ Three of these eleven patients have had nephrectomy, and 
three have been lost from observation. Four patients, eight, seven 
and three years and five months after operation, stated that they were 
better than before surgical treatment. Three patients died after leaving 
the hospital, two of tuberculosis and the other apparently' of acute 
pneumonia. Of the six patients not treated surgically, two had left 
nephrectomy subsequently'. One of the remaining four patients was 
heard from four years after examination, and at that time his general 
condition was good. One patient was not traced, and two patients 
are dead, both of tuberculosis. To summarize, of the twelve patients 
who were traced six are alive and six dead, three of whom had had 
epididy'mectomy'. 

Hinman observed a second group of seventeen patients in whom 
the seminal vesicles showed clinical evidence of involvement. Five 
were treated by epididy'mectomy', and twelve were not treated surgically. 
Nine patients were traced; six were alive and three were dead. Five 
of the nine had had simple epididy'mectomy', which was bilateral in 
four. Two patients were improved four and six y'cars after operation, 
two were worse, and one died of embolism six days after epididymec- 
tomy. Of the twelve patients not treated surgically, four had evidence 
of bilateral tuberculous epididy'mitis, one patient had evidence of right 
epididymitis, and three patients of left epididy'mitis. The four remain- 
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ing patients with involvement of the seminal vesicles did not sljow 
evidence of involvement of the epididymis. Six patients also had 
urinary tuberculosis; three showed evidence of tuberculosis in both 
kidneys; two in the right kidney alone, and two in the left kidney 
alone. Four of these had vesical involvement. 

In a third series there were thirteen patients with tuberculosis of 
the entire genital tract. Radical bilateral epididyinectomy, vasectomy, 
seminal vesiculectomy, and in some cases partial prostatectomy were 
performed. Two of these patients were dead, both were poor surgical 
risks, two had not been traced, and nine were living and well. The 
results in these nine patients have been satisfactory except for a perineal 
sinus which persisted for months to a few years in cases in which 
partial prostatectomy was performed. 

Tuberculous ulceration of the bladder is common in both renal and 
genital tuberculosis. Of 148 patients with genito-urinary tuberculosis, 
110 had cystoscopic evidence of active tuberculosis of the bladder. 
After removal of the primary focus in the genito-urinary tract, the 
lesions of the bladder often healed spontaneously. 

Hinman concluded that there are two clinical types of genital .tuber- 
culosis: (1) that in which the more advanced or only lesion is in the 
epididymis, and (2) that in which the seminal vesicles are involved 
with or without epididymitis. If the primary focus is in the epididymis 
and not assocated with active lesions elsewhere, the indication is for 
epididyinectomy, and if the seminal vesicles are involved the radical 
operation should be performed. 

Eisenstaedt found that it is possible for a patient to have right 
epididymitis of tuberculous origin, the left half of the prostate gland 
being involved by tuberculosis and possibly the right orchis. He had 
been successful with treatment by the roentgen ray, and operates only 
if necrosis and secondary infection necessitate drainage. 

Siissig, working under Ghon in Prague in 1921, examined between 
130,000 and 180,000 serial sections in cases of urogenital tuberculosis. 
He found that in the majority of cases the term, primary, could not be 
accurately applied, even if it was confined to the urogenital tract. 
The bacteria were found in multiple portions of the urogenital tract 
in many of the cases. 

HcKenna.'’'’ in 104 postmortem examinations in a comparative study 
of tuberculosis of the genito-urinary tract, found eight cases of primary 
lesions in the epididymis and three in the prostate gland and vesicles, 
showing that they occurred two and a half times more commonly in the 
epididymis than in the prostate gland or vesicles. He noted that 

,•'9. Eisenstaedt. J. S.: Pisenssion, J. Urol. 20:539, 1928 

do. McKenna, C. M.; Discussion, J. Urol. 20:539, 1928. 
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patients suffering with tuberculosis of the epididymis, vesicles or pros- 
tate gland do well if they are treated by tuberculin and the direct rays 
of the sun. 

UROLOGIC SURGERY 

Hunt“^ reported that at the Mayo Clinic during 1928 there were 
881 operations on the kidneys, ureters and bladder, with thirt 3 --{our 
deaths, a mortality rate of 3.8 per cent. In 117 operations for malig- 
nant lesions, there were eleven deaths (9.3 per cent), whereas in 
764 operations for benign disease there were twenh'-three deaths 
(3 per cent). 

Lithiasis was the predominating lesion of the kidney, for which 
there were 133 operations without a death. Infection and destruction 
of renal tissue were so marked that nephrectomy was necessary in 
forty-seven cases (33 per cent). Pelviolithotoiu}' was utilized in the 
removal of single and multiple stones from the kidney in 87 per cent 
of the cases. During the last two years pelvioHthotomy and nephro- 
lithotomy have been performed in 16+ cases without mortality. 
Nephrectomy was performed in 200 cases;’ for renal tuberculosis in 
fifty-two cases, for nephrolithiasis in fortj^-six, for hydronephrosis in 
forty-three, for pjmnephrosis in seventeen, for p^-elonephritis in 
twelve, for a malignant growth in twenty-seven, for multiple cysts of 
the kidney in two, and for rupture of the kidne 3 ' in one case. There 
were five deaths following nephrectom}'. 

The malignant lesions of the bladder are most formidable; approxi- 
mately onl 3 ^ 50 per cent of the lesions are operable. Palliative supra- 
pubic C 3 'stostom 3 ' is sometimes used in cases of inoperable lesions, and 
these contribute considerabl 3 '- to the mortalit 3 " of cystostomy for the 
various conditions in which it is necessary. Operations were carried 
out in thirty-two cases. The procedures of choice for lesions of the 
dome and the posterior lateral walls of the bladder are segmental 
resection and excision, and in lesions of a low grade of malignancy 
they have been productive of the best results. Surgical diathermy is 
being used with considerable success in lesions of the base of the bladder 
with involvement of one or the other ureter. Disposition of the ureters 
is a significant problem because one or both ureters are usually dilated 
and unsuitable for transplantation into the sigmoid. 

Diverticula of the bladder have been removed in twentv-four cases. 
In most instances the 3 ' were large, were associated with prostatic 
obstruction, and were removed preliminary to prostatectomy. 

There were 265 prostatectomies, of which 249 were for benign pros- 
tatic h 3 'pertropIw and sixteen for malignant disease. There were 

61. Hunt, V. C. ; Report of tlie Major Surgical Procedures on the Kidney, 
Bladder and Prostate at the jSIayo Clinic for 1928, Proc. Staff Meet. Mayo Clinic 
4:S6, mg. 
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twelve deaths in cases of benign prostatic hypertrophy (48 per cent). 
Perineal prostatectomy was done in nine cases, with excellent recovery 
in all. The other patients were all operated on by the suprapubic 
method; the one-stage operation ivas employed m 69 per cent of the 
cases. Those patients who had had preliminary cystostomy recovered 
from the condition requiring cystostomy and arrived at a stage of 
improvement so that prostatectomy was undertaken as a second step, 
with a mortality of 3.9 per cent. For the year the mortality was 
4 per cent following preliminary cystostomy performed as the first 
step of two-stage prostatectomy, as a result of the poor condition of 
ibc patients at the time that cystostomy was necessary. The average 
age of patients who died following simple cystostomy preliminar}' to 
prostatectomy was seventy-seven years. 

In prostatic surgery, age is an important factor in mortality rate 
and should be considered in determining the advisability of prostatec- 
tomy and the methods of procedure. In a review of 1,973 prostatec- 
tomies, with nearly as many patients more than 65 years of age 
as there were less than 65 years, a definite relationship between 
age and mortality rate was established. The average mortality before 
the age of 65 years was 3.9 per cent; after 65 it was 6.3 per cent. The 
rate rises rapidly after the age of 70, which emphasizes the necessity 
for most careful consideration of prostatic obstruction in the aged. 

• CHYLURIA 

Wood®' reported a case of chyluria which originated in the left 
kidney. Examination did not reveal eosinophilia, or parasites or ova 
in the blood, urine or stools. The chyluria first occurred at the age 
of 15 and cleared np without treatment. It recurred at the age of 
71 years. The differential phenolsulphonphthalein tests showed the 
output of the left kidney to be more than that of the right on account 
of right-sided nephrosis. A pyelogram of the left kidney revealed an 
apparent communication between the extrarenal pelvis and the aortic 
lymph nodes in the vicinity of the pelvis. Such a communication was 
not observed on the right side. The chyluria ceased after pyelography, 
without other treatment, and the condition has not recurred. 


LABORATORY TECHXXC 

Blanc®- reviewed his method of making a phenolsulphonphthalein 
tc.sl; he nqectcd 4 cc., representing 6 mg. of the product; 70 per 
cent of this should be eliminated in an hour and ten minutes. From the 


62. A- H.; Umhtcral Renal Chvluria, J. Urol. 21:109, 1929. 

M - I vliniination de la pheno-siilfoplitaleine ■ Icur valenr 

cii cliirurRic urmairc, P.irk med, 69:331, 1928. ’ 
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numerous tests which he carried out, he drew several conclusions. The 
rate of phenolsulphonphthalein of separated or total urines has a great 
value by itself, as far as an absolute rate is concerned, without consider- 
ing the amount of urine excreted during the time of exploration. The 
rate of elimination of the phenolsulphonphthalein represents exactly" the 
functional value of the renal parenchyma, but it is not necessarily a 
measure of the anatomic value nor of the function of the tubular 
apparatus. It constitutes an expression of the physiologic value more 
than the anatomic value. It decreases proportionately with the disten- 
tion or the destruction of the kidney. In cases of healthy kidneys the 
rate of output of phenolsulphonphthalein in total or separated urines 
remains about the same, regardless of the time the urine has been 
collected. In cases of healthy or diseased kidneys, without any lesions 
of the active glandular cells, the output of phenolsulphonphthalein 
remains constant as long as the functional value remains constant. If 
a diseased kidne}' shows loss of function and diminution in elimination 
of the phenolsulphonphthalein, the other kidney will increase elimi- 
nation. On separated urines, there usually will be a parallelism between 
the uric acid and the excretion of phenolsulphonphthalein. Each func- 
tional change which the renal parench^nna undergoes, except in the 
presence of a long-standing lesion, influences the return of phenol- 
sulphonphthalein. 

Cammidge and Howard carried out experiments to find an 
improved method for titrating sugar in urine and blood. 'They con- 
sidered that the methods ordinarily used are too inaccurate or difficult 
to carr}'^ out, except after considerable experience. They use arsenious 
acid, which is stable in dilute solutions, rather than sodium thiosul- 
phate, which deteriorates rapidly, and they follow the method of Meili 
for the estimation of calcium. Arsenious acid also gives a readily 
recognizable and critical end-point. 

They consider the advantages of their methods to be that all the 
solutions are stable and keep for an indefinite period in well-stoppered 
bottles, that the use of a regulated gas supply is avoided, that a sharp 
and easily recognized end-point is obtained in the titrations and that 
accurate results may be secured even by inexperienced workers. 

UROLOGY AND GYNECOLOGY 

Bonney stated that since the branches of gynecology and urology 
are so closely associated, specialists in these branches should he reason- 
ably well informed of the work of the other. 

64. Cammidge, P. J.. and Howard. H. A. H.: An Improved Method for 
Titrating Sugar in Urine and Blood, Brit. J. Urol. 1:17, 1929. 

65. Bonney, Victor: Urologj- in Relation to Gynaecology, Brit. J. Urol. 
1:23, 1929. 
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It is important to have a thorougli understanding of the supporting 
structures of the pelvis, consisting of the cardinal ligaments and the 
pubocerr'ical fascia. The bladder rests on this fibromuscular shelf, 
and any alteration in it affects the bladder. There are three common 
deformities affecting this shelf. In the first deformity, the pubocendcal 
fascia buckles or hammocks downward to produce a cystocele. The 
effect on the bladder is difficulty in passing urine and failure com- 
pletely to empt)' the bladder. In the second deformity the attachment of 
the pubocervical fascia at its anterior end becomes weakened, so that, 
on straining, this end of it droops, which results iir interference with 
the sphincteric mechanism of the bladder. Some form of incontinence 
results and is produced on effort, such as sneezing, coughing or running. 
The third deformity is the retroversion of the whole pelvic shelf, so 
that the line of the vaginal axis protracted beyond the upper end of the 
canal would strike the sacrum somewhere about its second piece. The 
vagina rctroverts with the shelf, and the bladder moves backward with 
both of them. It is important to recognize this deformity because of 
the fact that cystocele is often wrongly diagnosed; pouching of the 
bladder does not occur in these cases. 

In abdominal oj)crations Bonney observed that the more marked 
the postoperative intestinal symptoms, the more profuse is the bacterial 
infection of the urine, so that pyelitis in some degree is common. The 
infection does not always disappear with the healing of the operative 
area, but may continue for months or years afterward. Postoperative 
ureteric fistula following the Wertheim operation for carcinoma of the 
cervix is the result of sloughing of the ureter several days after oper- 
ation, winch leaves from 5 to 7 cm. of these conduits running free 
across the [pelvis. Bonne}- successfully grafted the ureter into the 
bladder in many of these cases, a procedure which was made easier 
Ijccausc the ureter is alwaj-s dilated above the point of leakage. 
Nephrectomy is a hazardous procedure, but there are some cases jn 
which it is neccssan-, particularly those in which the fistula had existed 
so long that the kidney on that side is disorganized. 

Infection of the vagina by the streptococcus, which is relatively 
common, may sometimes be an overlooked source of streptococcal 
urinary infection. 


Pyehtis of pregnancy is generally held to be due to the pressure 
of tlie enlarging uterus on the ureters. Pelvic tumors other than that 
of pregnancy rarely cause pressure on the ureters sufficient to obstruct 
them, even when tlic tumor is tightly impacted in the peh-is. Innocent 
growths such as fibromyomas or ovarian cysts rarelv affect the ureters 
but they may have a marked effect on the bladder, particularly 
libromyomas. One of the earliest S}-mptoms of this is increased fre^ 
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quency of urination. An impacted fibromyoma is one of the most 
common causes of retention of urine among women. 

[Compilers’ Note. — The importance of a closer relationship 
between the urologist and gynecologist is constantly being empha- 
sized, a point which man}' gynecologists, notably those from the 
Kelly school in Baltimore, have insisted on for many years. 

The changes in the urinary tract incident to gestation, the prox- 
imity of the urinary and generative tracts in women, the easy access of 
the streptococcus or the colon bacillus to the bladder, and the stasis due 
to pressure changes brought about from pelvic enlargements, fre- 
quently force the gynecologist into a detailed urologic study which 
is enlightening from the standpoint of diagnosis, treatment and prog- 
nosis. Whether or not the gynecologist shall be his own urologist is 
a moot point. It would seem to be common-sense reasoning that this 
should be determined by the special training and the inclination of the 
individual surgeon and that a sharp line of demarcation should not 
necessarily be drawn between the specialties in practice. Every one 
who professes to be proficient in either specialty should have a reason- 
able understanding of the fundamental principles involved in the prac- 
tice of both gynecology and urology.] 
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1922-1924 Charles Gordon Heyd, New York 
1924-1929 Ethan Flagg Butler, Elmira, N. Y. 

.ISIEETJNG DATES 

1918 Chicago, June 10 

1919 Atlantic City, N. J., June 9 

1920 New Orleans, May 1 

1921 Boston, June 6 

1922 Washington, D. C., April 29 

1923 Chicago, May 28 

1924 Rochester, Minn., June 5 

1925 Washington, D. C., May 4 

1926 Montreal, P. Q., September 30 

1927 New York, May 9 

1928 Washington, D. C., April 30 

1929 St. Louis, April 25 



REPORT ON THE ACTIVITIES OF THE CHEST 
TUMOR REGISTRY 

During the past year the reconiinendations of the Council of the 
;\nierican Association for Thoracic Surgery relative to the establish- 
ment of a Registry of Chest Tumors have been carried out. Letters 
describing the Registry, together with a statement of the types of tumors 
to l)e included and registration forms for the submission of material, 
were sent to all members of the American Association for Thoracic 
Surgery, the American Surgical Association and the Association of 
American Physicians, and to the pathologists of the leading clinics of 
the country. 

Up to date the actual number of cases registered has been small, but 
correspondence between the registrar and a number of surgeons inter- 
ested indicates that a considerable nxnnber of cases are available and 
sliould he registered. 

'I'he registrar has purposely avoided too active solicitation of 
material, feeling that the success of such an undertaking depends, in 
])art at least, on its obtaining the spontaneous support of those inter- 
ested. However, at the suggestion of the Council of the Association, 
l)lank forms on which data regarding cases to be registered mav be 
filled in will be circulated to facilitate the submission of material. 

The Registry is designed to include all primary intrathoracic tumors 
and all such other tumors of the chest wall and thoracic vertebrae as 
impinge on tlie pleural cavity. The committee requests the cooperation 
of all interested persons in the registration of such cases. 

Wn.i.i.NM DeW. Akdrus, M.D., Registrar, 

Cincinnati General Hospital. Cincinnati. 



PULMONARY TUBERCULOSIS 


PATHOLOGY AND TREATMENT * 

JOHN L. YATES, M.D. 

MILWAUKEE 

There are approximatel}’^ 625,000 people suffering from pulmonary 
tuberculosis in this country, 85,000 of whom will die within the year. The 
total time spent annually in combating the disease by those potentially 
and actually affected is about 633,333 y'ears, and even so more than two 
thirds of them suffer one or more recrudescences after apparent recov- 
eries. More than three-fourths are afflicted while their productive and 
earning capacities would be othei'wise little, if at all, impaired. The 
total of the yearly costs of therapy', exclusive of consultation and 
attendance fees, and of the losses imposed by deaths after intervals of 
illness and by the duration and degree of temporary' and permanent 
disabilities of those who survive will amount to $870,000,000. 

During the past fifteen years, although the population has increased, 
the annual death rate has been reduced from 155,000 to 85,000, the inci- 
dence from 1,000,000 to 625,000 and the costs by about $250,000,000.^ 

Progress made in combating pulmonary tuberculosis has resulted 
not only' from a clearer perception of its pathology' which provided a 
larger measure of prevention, earlier diagnosis, more effective treatment 
and after-care, but also from improved housing, schooling, and working 
conditions, better and cleaner food, more wholesome methods of living, 
and restricted emigration. 

During the same interval, tuberculous cows had been eliminated 
from dairy herds in some communities. In them the incidence of tuber- 
culosis of bones, joints and lytnph glands was reduced to a small fraction 
of the previous numbers. The few persons who now develop these 
forms of tuberculosis are more seriously affected, some because of their 
greater susceptibility to bovine tuberculosis ; others are infected with 
bacilli of the human type. Although other influences, such as greater 
attention given to teeth and tonsils, were contributory, the elimination 
of the most dangerous source of infection was the effective agency. 
Presumably the incidence of pulmonary tuberculosis has _^lso been 
reduced in the same communities even though the reduction has not 
been demonstrated Iw statistics. 

* Presidential Address. 

1. Information from which these figures were obtained was furnished by 
Miss Aimee Weinstock and Mr. Leslie L. Lewis of the Wisconsin Anti-Tubercu- 
losis Association, who made conservative estimates from the data at their 
command. 
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The need to hasten the curtailment of the social and economic bin- 
dens imposed by the white plague compels consideration of die chief 
obstacles to past and present progress. The foremost obstacle is incom- 
plete knowledge of the influences that govern the inception and evolution 
of the disease. Next, is the lethargj' born of satisfaction and subservi- 
ence to established routinism that prevents application in practice of 
available knowledge, stifles investigation and assures mass treatment. 
Last, is the numbing effect of the procrastination that makes a majority 
of patients realize that nothing aggressive is or will be done to satisfy 
individual requirements until long after pacifistic tberajiy has been 
proved futile, frequently not until approaching death impels attempts to 
camouflage neglect. 

A review of the biologic aspects of extrapulmonary tuberculosis will 
provide a clearer perception of pulmonary tuberculosis and show why 
the more effective means to prevention and treatment can be determined 
by physiology and pathology more accurately and promptly than by anj' 
other means. 

EXTR.\PULyfOKARY TUBERCULOSIS 
INCEPTION 

Three conditions are precedent to the inception and evolution of 
tuberculous processes. Tubercle bacilli must be deposited on the skin 
and mucous membrane and the peritoneum in females which form the 
surfaces of the body and are barriers against invasion. (The bronchial 
mucous membrane and the cells lining the alveoli of the lungs will be 
considered later.) Bacilli must become invaders of the bod}' by passing 
these barriers. Once the barriers have been passed, the microbes must 
be sufficiently robust not only to survive temporarily but also sooner 
or later to develop parasitic activities. 


INVASION 


Few exceptions prove the rule that all people but some infants are 
carriers of virulent tubercle bacilli which have been deposited' repeat- 
edly on the surfaces of the body from the air. contacts and ingesta. So 
long as the bacteria remain under no pressure on a surface, they are 
innocuous.= Invasion of the body begins at a portal of entry in a 


2. Normal external surfaces are the skin, mucous membrane, lining of pul- 
monary alveoli and the peritoneum in females. Normal internal surfaces are: the 
nutritional, formed by the endothelium lining the vessels of the systemic circula 
t.on; the ventilating, formed by the endothelium lining the vessels of the pulmo" 
nary circulation; the digestive, formed by the endothelium lining the veslk 
the portal circulation ; and the drainage surface, formed by the cells linirnr u 
VC* Abnom., „e .be deeper ‘ "f ?! 

surfaces of ulcers and the inner surfaces of the walls of abscesses. 
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surface and continues b}' repetition of similar steps. Consideration of 
the destruction of most of the invading bacilli is omitted for the present 
to avoid complication. 

Bacilli under pressure and those fixed by secretions or e.xudates 
enter, pass through or between intact surface cells, pass through super- 
ficial lesions or are carried across these barriers within wandering phago- 
cj'tes. T. hey may be retained in surface cells or at the surface of lesions 
and may or ma}' not provoke inflammation which usually includes for- 
mation of tubercles. Inflammation is provoked by parasitic activities of 
bacilli, namel)', the elaboration of noxious egesta and reproduction. 
Bacilli that survive but induce no inflammation are for that time sapro- 
phytes, i. e., they elaborate so little noxious egesta that adjacent cells 
are not overactivated and their reproduction suffices merely to prevent 
extinction. 

Having passed the first barrier, they enter the subcutaneous or sub- 
mucous tissues which constitute another barrier. (Direct contamination 
of the peritoneum of females is too rare to warrant consideration.) 
Here the bacilli are under tissue tension. The}' may be retained in and 
between cells and produce or do not produce lesions according as they 
are parasitic or saprophytic. Those deposited on the outer surface of 
the endothelial cells of blood and lymph capillaries may enter, pass 
through or between them. More often the bacilli are taken up by 
phagocytes and carried into the lymph vessels. The naked bacilli and 
those carried within phagocytes which have entered the blood and lymph 
streams have passed another barrier presented b}' the external vascular 
surfaces and are disseminated. As some dissemination is a prompt and 
constant consequence of invasion, tuberculosis even in its incipient stage 
and in its milder forms is a systemic contamination. 

The bacilli, naked or within phagocytes, carried in the blood are 
deposited on the inner surface of the capillary endothelium. Many of 
those entering the portal circulation are retained in the hepatic capillaries 
in which the Kupffer cells are present. The others and nearly all of 
those entering the capillaries in the systemic circuit are carried to the 
lungs. The few that are not deposited on the walls of the capillaries 
in the lesser circuit, which will be discussed later, are disseminated in 
the arterial blood of the systemic circulation. They are deposited on 
the walls of its capillaries which form the nutritional surface of every 
organ and tissue in the body. Consequently, every structure is liable 
to invasion because these microbes may penetrate this barrier, the nutri- 
tional surface, just as they pass other barriers. The parenchyma of 
organs and the cells of tissue present another barrier analogous to the 
subcutaneous and submucous structures wherein again microbes may or 
may not provoke inflammation and from which they may or may not 
be disseminated. 
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Bacilli enter, pass through or between the cells lining the lymph 
vessels which constitute the drainage surface of all structures but the 
central nervous system, eye, internal ear and spleen which have no 
lymphatics. Bacilli carried in the tymph, whether naked or in phago- 
cytes. are usually deposited on the endothelium of the sinuses in the 
prordmal lymph gland to which they are carried, or they may pass 
through the sinuses of this gland and be deposited on the sinus walls 
of the next gland. In lymph glands, reticulo-endothelium forms part 
of the drainage surface and has a special capacity to engulf and to 
destroy bacteria. This barrier is less easily passed, but once bacilli have 
entered the parenchyma of the gland, there is the same sequence of 
events. The bacilli provoke lesions and are retained or disseminated 
through blood or lymph vessels or are disseminated or retained without 
provoking lesions. Ultimately, some of the bacilli that enter the lymph 
are delivered into the blood through the right or thoracic ducts. The 
many which penetrate the intestinal mucosa are delivered rapidly, espe- 
cially during active digestion, into the receptaculum chvlae and thence 
promptly into the blood. Bacilli carried in the lymph formed in tissues 
outside the digestive tract reach the blood after longer intervals. Not 
only have they farther to travel but the collateral pathways are fewer. 
The sinuses within tuberculous glands are often obstructed, and this 
compels the lymph in afferent vessels to seek unobstructed centrifugal 
channels which may carry lymph in devious channels through adjacent 
or even remote regions and thus lead to anomalous dissemination of- 
bacilli but nearly always to lymph glands. 

Summary . — The significant phases in the cycles of invasion of the 
body are : 


First Cycle 

(1) Dissemination of bacilli through the air 

(2) Deposition of bacilli on a normal or abnormal external surface 
of the body from air, ingesta or contacts 

(3) Penetration of an external surface of the body 

(4) Deposition of bacilli within subcutaneous or submucous tissue 

(5) Provocation of or failure to provoke inflammation 
Second Cycle 


(1) Dissemination of bacilli through blood and lymph 

(2) Deposition of bacilli on a normal or abnormal internal surface 
of the body 


(3) Penetration of an internal surface of the bodv 
14) Deposition of bacilli within the parenchyma of or£rau<i 
between the cells of tissues ^ 


or 


(5) Provocation of or failure to provoke inflammation 
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Subsequent Cycles 

The first cycle is repeated in all those who survive infancy. 

The second cycle is repeated in all those of less than high grades of 
insusceptibility, continuous in those of lower grades of susceptibility. 

SURVIVAL OP TUBERCLE BACILLI WITHIN A BODY 

The divers activities of ce//s are products of metaboHsm. Individu- 
ality of cell structure, the result of differentiation, determines the pecu- 
liarities of metabolism and therefore of function. The rate of 
production of function, i. e., the metabolic rate, is governed by the 
actions of excitory and repressive influences and is limited by the 
capacity of cells to respond thereto, namel)', by their strength and 
endurance. 

Rates of metabolism and corresponding grades of activities are higher 
during the periods of exercise and lower during the intervals of rest 
that alternate throughout cell life. As cells weaken because of untoward 
alterations in their structure resultant from senility, the fatigue of oi'er- 
exertion, the atrophy of underexertion, trauma, dehydration, malnutri- 
tion, starvation and intoxication, the rates of their metabolism in 
response to positive influences fall proportionately. If metabolism falls 
below a certain level, the limit of viability, and remains below the level 
for more than brief inten^als, the cells are lethally injured. Death may 
occur at once. Sometimes the injuries which are progressive are less 
severe and lead to necrosis after considerable intervals during which 
some functions are produced. 

The limit of viability is not fixed. It is lower if cell structure is 
stronger and more resistant and is also lower for all cells in a favorable 
than in an antagonistic environment. 

Tubercle bacilli within the body of a host are in an antagonistic 
environment. In order to survive they must maintain their metabolic 
rates at or above a limit of viability which is higher than it usually is 
when they are on an external surface. 

The pathogenic activities of bacilli are elaboration of no.xious egesta 
and reproduction. So long as their metabolism is restrained by the 
antagonism of the host at viable limits the elaboration of noxious egesta 
is insufficient to provoke local inflammation, and reproduction only 
suffices to prevent extermination. In other words, under such condi- 
tions bacilli are saprophytes, living at the expense of the host but not 
being otherwise harmful. Indeed the}' may be beneficial despite some 
dissemination of organisms. Their noxious egesta, although not potent 
enough to provoke local reactions, supposedly arouse a measure of 
defensive sj'stemic responses. There is no recognizable evidence of 
infection in this state, called latent tuberculosis. When the antagonism 
produced by the host is inadequate, the metabolism of the bacilli rises 
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above the limit of viability, and they become parasites. Elaboration of 
noxious egesta suffices to provoke local inflammation ; bacilli reproduce 
more rapidly; both egesta and bacilli are so disseminated that obvious 
systemic responses occur, and other foci of infection are established. 

Summary.— Tnhcrch bacilli, when they invade a body, enter an 
unfavorable environment. 

They awaken more active antagonism by the actions of their noxious 
egesta that provoke local and sj'stemic irritation and by the dissemina- 
tion of bacilli. 

In order to survive, the bacilli must maintain the rates of their 
metabolism at or above viable limits which fluctuate with the amount of 
antagonism offered by the host. 

A majority of invaders succumb or are destroyed. 

A proportion are able to maintain their metabolism at viable limits. 
They are saprophytes. 

Saprophytes live at the expense of the host and produce latent tuber- 
culosis. 

Latent tuberculosis is harmless, possibly beneficial, so long as the 
bacilli are restrained in a state of saprophytism. 

A proportion maintain the rates of their metabolism above viable 
limits. They are parasites. 

Parasites produce focal and disseminated irritants and, so long as 
the rates of their metabolism are not reduced to or below viable limits, 
cause tuberculosis. 

EVOLUTION 


A majority of people are insusceptible to tuberculosis. The sus- 
ceptibility of the minority is of divers grades and some organs and 
tissues are more liable to develop lesions than others. Since invasion 
of external surfaces and dissemination of bacilli, certainly to many, 
probably to all organs and tissues, occurs repeatedly, the insusceptibility 
of some persons and the relative insusceptibility of certain organs and 
tissues in the others are traceable to differences in the antagonism 
offered to the invaders. 

Antagonism is the sum of the local and systemic responses to focal 
and disseminated irritants, which together produce resistance, defense 
and repair. 


Resistance, defense and repair are produced bv the activities of 
tissue cells adjacent to invading bacilli, supported, re-enforced and 
stimulated by the cellular and noncellular elements which emanate from 
the blood delivered to the structures invaded. 


^^hen resistance, which may be inherent or acquired, is adeauate 
the metabolism of invaders is restricted at or reduced lielow viable limits 
so promptly that manifestations of infection are undetectable No 
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lesions, other than transient degenerations in contiguous cells, are pro- 
voked. Few bacilli are disseminated, and these are inactivated or 
destroyed with equal promptness wherever they are deposited. 

Defense is aroused only if resistance is inadequate. Effective defense 
reduces the metabolism of bacilli to or below viable limits shortly but 
not until minimal lesions have developed. Noxious egesta and some 
bacilli have been disseminated. Manifestations of infection are slight 
but detectable. Meanwhile resistance is augmented rapidly, and the 
disseminated bacilli as well as those in the primary lesion are soon 
inactivated or destroyed. Less effective defense permits a longer dura- 
tion of parasitic activities, the dissemination of more bacilli and noxious 
substances, and the development of larger primary and secondary lesions. 
Signs and symptoms of infection are unmistakable. Resistance is aug- 
mented gradually, and the disseminated bacilli are inactivated or 
destroyed, but not until some have produced manifest lesions in remote 
structures. Ineffective defense can but check the metabolism of para- 
sites and thus retard the progressive development of lesions and the 
continued dissemination of noxious substances and parasites. Manifes- 
tations of infection increase in severity. Resistance is little augmented, 
and disseminated bacilli produce obvious lesions in several other struc- 
tures, any one of which may be the cause of death instead of the initially 
preponderant lesion. 

Repair begins with necrosis of tissue which results from destructive 
activities of parasites, and the injured tissue must be replaced if the 
disease is to be overcome. Cicatrization of minimal lesions impairs 
function immaterially. The scar is insufficient to be recognized intra- 
vitam and can escape detection post mortem. Moderately large lesions, 
if repair is effective, are compietely healed but the cicatrix impairs func- 
tion. Even though defense suffices to arrest progress and repair is 
efficacious, some of the larger lesions are unhealed. The contents of 
abscesses, the rigidity of their walls or the fixation of the walls to 
unyielding contiguous structures prevent the collapse and approximation 
of the inner surfaces of cavities requisite to obliteration and complete 
cicatrization. Such lesions are to be differentiated from the progressive 
types that occur when defense is defective and are incomplete!)' cica- 
trized because repair is inadequate. 

Resistance, defense and repair, although they act somewhat in 
sequence in one focus of invasion, are acting concertedly and constantly 
throughout the body because disseminated invaders are present in numer- 
ous foci and subsequent invasion through externa! surfaces is repeated. 
The powers of resistance, defense and repair are prone to fluctuate simi- 
larly in the same person but have unequal values in different persons. 
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Local responses of tissue cells to invading tubercle bacilli are those 
incidental to acute, subacute and chronic types of inflammation plus die 
formation of tubercles. The efficaej^ of these responses in providing 
antagonism varies materially in the divers organs and tissues of one 
person, but the efficacy of the responses of the same structures m divers 
persons differs immaterially unless they have been injuicd previously. 

Systemic responses are aroused by the presence in the blood of the 
noxious egesta of tubercle bacilli and the products of tissue degenei ation 
which together constitute the toxemia of tuberculosis. Although every 
cell in the body can be affected, discussion will be restricted to the cells 
that form blood corpuscles, to those that contribute other than catabolic 
products to the plasma and to the myocardium. 

Mother cells of the various blood corpuscles are inherently more or 
less robust. Later, when the inevitable tuberculous infection occur.s. 
they will have become stronger or weaker, and their capacities to work 
under protracted stress are dissimilar. They all respond sooner or later 
to irritation (toxemia) by increasing the production of their specific 
functions, namely, a production of corpuscles above the usual rates, 
(Some of them also elaborate antibodies.) These unusual activities are 
continued until the irritation ceases with recoi'ery or until the metabolism 
of the mother cells is reduced by fatigue and intoxication. Underpro- 
duction of functions by the weakened cells then succeeds overproduction, 
and in consequence the host is handicapped in proportion to the signifi- 
cance of the contributions of the corresponding corpuscles to the main- 
tenance of life and to the production of antagonism. 

Similarly, the cells that produce the usual constituents of the plasma, 
for example, those of the liver and of other structures concerned in 
digestion, of the glands of internal secretion,® reticulo-endothelium, etc., 
are inherently more or less robust and more or less subject to fatigue 
and exhaustion, Similarl}', too, if their metabolism is curtailed, their 
products are impaired qvrantitatively or qualitatively, and the untoward 
consequences are commensurate with the contributions of their usual 
products to siirrL'a] and of their unusual products (antibodies) to 
antagonism. v 

The constituents of the blood are far more efficacious than the activi- 
ties of tissue cells in producing antagonism to invading bacilli. What- 
ever structures are primarily invaded, untoward alterations in some 
constituent or constituents of the blood, revealed by repeated blood 
counts and estimations of sedimentation rates, are constantly present at 
tlie onset of tuberculosis. Thereafter the alterations parallel the coiirL 


3. Ilypcrthyroxinemia is constant 
lul is pre 
of toxemia. 


, , . , tuberculosis, and the thvroid 

gland .s prone to undergo degenerative changes in consequence of overwork and 
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of the disease. The}^ become more favorable during improvement and 
not only disappear with recovery but are replaced with unusually favor- 
able alterations which, if protracted, confer immunity. They grow 
progressively unfavorable as the disease progresses and commonly 
amount to cachexia as death approaches. Moreover, measures that 
improve the quality and increase the quantity of blood in circulation, 
particularly of that portion delivered to lesions, foster healing and other 
measures that remove lesions or promote their healing introduce 
improvement in the blood. 

Those who are insusceptible to tuberculosis are able to make blood 
of proper quality in adequate quantit}' and to deliver it equably through- 
out their bodies under appropriate pressures. Their insusceptibility 
will endure so long as they retain those abilities. On the other hand, 
the susceptibility of the balance is proportionate to the deficits in those 
abilities, which are increased by age, unwholesome methods of livijig and 
disease. Hence, wholesome methods of living, viz., rest, recreation, 
avoidance of morbid emotions, ample well balanced diets, temperance, 
outdoor exercise, sunshine and energetic devotion to suitable occupations 
which favor formation and delivery of blood are invaluable agents in 
prophylaxis and in treatment. 

Blood-forming units include the lymphatic and e.xtralymphatic units ; namely, 
the bone-marrow, intravascular and interstitial reticulo-endothelium, glands of 
internal secretion and all structures, such as the liver and digestive tract, which 
add to the plasma substances other than waste products. The component cells of 
the units are inherently more or less robust. Could an organism e.vist shielded 
from the unusual stresses imposed by hemorrhage, overc-vertion and disease, some 
of the cells would be incapacitated by senility before others, and this incapacity, 
even were there no other causes, would limit the life of the organism because all 
constituents of the blood are to some extent essential to longevity. 

Inevitable unusual stresses hasten the incapacitation of the less virile blood- 
forming cells, and the consequent handicaps imposed on the organism are deter- 
mined by the roles plaj'ed by the elements the cells contribute to the blood, to 
healthful existence, and to resisting pathogenic influences. 

AH constituents of the blood are more or less requisite to the provision of an 
effective antagonism to invading microbes. Antagonism to parasites that provoke 
acute processes or acute exacerbations of chronic processes is produced largely in 
the units within the bone-marrow and seldom provides lasting immunity. Antag- 
onism to those arousing chronic processes is more from the lymph glandular 
units and, if effective, confers immunity. Certain parasites, e. g., Slrcplococais 
scarlatinac, and sometimes the tubercle bacilli, provoke inflammations that are 
initially acute and, if the host survives, later become chronic. Antagonism 
emanates at first more from the units in the bone-marrow, later from those in 
the lymph glands which, if efficacious, confers immunity.^ 

4. Yates and Raine, in Lewis; Practice of Surgery, Hagerstown, Hd., W. F. 
Prior Company, Inc., 1929. vol. 3, chapter 9. 
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Noxious egesta produced by invading tubercle bad!, are cd wd 

protoe what in effLt, is a toxen,ia. Every blood^orming structure m the tody 
fs thus irritated If they are robust and the irritation suffices to provoke responses, 
thej become unusually active and so continue untii irritation ceases or they 
progressively inactivated by fatigue, exhaustion, dehydration, malnutrition a 
intoxication. The consequences of overactivity are increments in he product! n 
of most of the corpuscles and of the usual constituents of the plasma, notably 
thyroxin, and the addition of protective substances which tend to reduce the 
metabolism of tubercle bacilli and to neutralize their noxious egesta. 

The results of the earlier overactivities of the blood-forrning structures and, 
if the disease progresses, of the subsequent lessened activities, are revealed by 
repeated examinations of the blood. 

Early there is frequently a moderate polycythemia, later crythrocytopema, and 


deficits in hemoglobin progress to cachexia. 

Neutrophilia is present if the onset is acute, during acute exacerbations, in 
the terminal stages, and, as Medlar” has indicated, is seldom attributable to coin- 
cidental infection with pyogenic bacteria. 

Eosinophilia, usually a late manifestation, occurs if there is a considerable 
necrosis of lymph gland tissue or of lymphocytes (Bunting). 

Basophils are little affected. 

An early actual or relative lymphocytosis is the rule; later, as the disease 
progresses, lympliopenia increases. If the larger immature lymphocytes are in 
excess, the lymphoblasts are overworked, and is a less favorable response than 
when small mature lymphocytes are produced, 

A moderate monocytosis is quite constant and betokens the response of the 
reticulo-endothelium to irritation which is unwholesome when these cells are 
overproduced or, as sometimes happens, are underproduced. 

The rate of production of both lymphocytes and monocytes is indicative of the 
nature of the responses of the lymph gland units throughout the body and of the 
extralymphatic reticulo-endothelium which contribute the larger portion of the 
antagonism to tubercle bacilli. During intervals of health the number of lympho- 
cytes and of monocytes produced bear a fairly constant ratio, Cunningham and 
Tompkins have showed that this may be expressed graphically and also 
numerically by dividing the number of monocytes by the number of lymphocytes. 
The normal quotient is 0.3, If this observation be applied to patients suffering 
from tuberculosis, quotiesits in excess of 0.3 are less favorable and quotients below 
0.3 are more favorable indexes. Fluctuations in these quotients occur during posi- 
tive and negative phases of the disease and are of little significance if estimated 
from one count. If repeated counts are made and the ratios are quite constantly 
above 0.3 or below it, this is a factor in establishing a less favorable or a more 
favorable prognosis. 


Protective substances are the most significant defensive constituent of the 
plasma. Their production seems to be nearly equivalent to the formation of the 
other constituents, and they contribute essentially to antagonism. The quality and 
quantity of protective substances in the Wood cannot be determined directly but 
they can be estimated indirectly since they vary inversely with rates of sedimenta- 
tion Early in the evolution of tuberculosis, sedimentation rates are abnorraallv 
rapid, less rapid if the antagonism is higher. If the disease progresses thev 
become corr espondingly more rapid, particularly during exacerbations ’ Con 


5. Medlar; Am. J, M. Sc. 173:824, 1927. 

?a. Cunningham and Tompkins; Am. Rev. Tuberc. 17:204, 1928 
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trarilj', if there is regression of the disease, the rates of sedimentation are slower; 
with and after recovery they are slower than normal. 

Increments in basal metabolism during the active phases of tuberculosis and 
the degenerations noted post mortem in the thyroid glands of many patients who 
succumb to the disease indicate at once the eonstancy of hyperthyro.vinemia during 
the more active phases of the malady and the importance of the contribution of 
the thyroid gland to antagonism. 

llie first step in the pathogenesis of tuberculosis is penetration of an 
external surface of the body, which occurs more often in the mucosa of 
the digestive tract. 

All varieties of tuberculosis are systemic infections which develop 
because deficits in the blood permit invading bacilli to maintain their 
metabolism above viable limits. Thej' differ solely in the location of 
predominant lesions, i. e., in skin, bone, central nervous system, lungs, 
lymph glands, spleen, digestive and genito-urinary tracts, serous cavities, 
fasciae, etc. 

Except the delivery of bacilli to lymph glands in the lymph, to the 
liver in the blood of the portal circulation, pulmonary infections and 
those due to extension as from tuberculous tubes and intestines to peri- 
toneum, all but surface structures are invaded by bacilli transported in 
the arterial blood of the systemic circulation, and liver, lungs and lymph 
glands ma}^ be thus infected. They are deposited on the endothelium 
of arterioles and capillaries which forms the nutritional surface of the 
body. 

The number of bacilli present in the systemic arterial blood at any 
time is only large cluriiTg the interval preceding the development of gen- 
eralized miliary tuberculosis. The total number present throughout a 
lifetime is so large, because of repeated invasions of the body, that bacilli 
are deposited at one time or another on the nutritional surface of every 
structure and man)" times on some of them. 

At the time of invasion of organs and tissues and during pathogenesis 
the quality of blood they receive is the same, though the quantity of 
blood and the extent of their nutritional surfaces vary greatl)". Why 
then is tuberculosis relatively uncommon in some structures having a 
plentiful blood supply (brain, muscle, thyroid) and relatively common in 
others (kidney, liver, spleen)? Why is fascia lata so seldom affected? 

Structure and function differ widely. Some structures are the more 
often subject to physical injuries, others to injuries inflicted by disea.se. 

It is unlikely that the nutritional surfaces are equally jjenetrable. 
Although the responses of tissue cells are less effective than the ele- 
ments derived from the blood, nevertheless their contributions to antag- 
onism are not only significant but also dissimilar and peculiar. 

Organs that abstract chiefly water, salts and nourishment from the 
blood (thyroid, brain, muscle) are less prone to invasion than those 
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concerned in digestive, eliminative and defensive processes (liver, kid- 
ney, spleen), which withdraw additional substances. Peetdiarities are 
exemplified in bones and lymph glands which are particularly susceptible 
to tubercle bacilli of the bovine tj-pe and quite as insusceptible to those 
of the avian type. Fibrous tissue, whether norma! or cicatricial, is 
barren soil for bacilli. Hence the infrequency of fascial tuberculosis. 
The increased susceptibility of structures that have suffered previous 
injury which has resulted in some scarring is not attributable to the 
presence of fibrous tissue per se but to the reduction in blood supply. 

Longevity depends on myocardial integrity. Myocardial weakness 
is revealed particularly by prolonged stress. Heart muscle is peculiarly 
vulnerable to the noxious egesta of tubercle bacilli and to the products 
of tissue degeneration they provoke. 

.Snuiumry. — Inherent and acquired susceptibility and insusceptibility 
and the grades of susceptibility and insusceptibility are proportionate to 
lesser or greater degrees of antagonism offered by hosts to bacilli that 
have become invaders by having penetrated an external surface of their 
bodies. 

Antagonism is the product of local and systemic responses to focal 
and disseminated irritations which together constitute resistance, defense 
and repair. 

Adequate resistance confers insusceptibility. Invading bacilli are 
suppressed so promptly that there are no evidences of infection and the 
slightly degenerative lesions are evanescent. 

Inadequate resistance and effective defense and repair that develop 
promptly lead to an early suppression of bacilli, but there are manifesta- 
tions of infection though the lesions are minimal and the cicatrices too 
slight to impair function. 

Less effective defense permits primary lesions to become larger 
before bacilli are suppressed; secondary lesions are often recognizable. 
Evidences of infection are unmistakable; healing usually occurs but 
functions are impaired. Sometimes healing is prevented by interference 
with collapse of abscesses even though defense and repair are potent. 
Such lesions are to be distinguished from lesions that progress because 
defense and repair are impotent by means subsequently mentioned. 

Ineffective defense and repair fail to suppress bacilli; lesions slowly 
or rapidly progressive, manifestations of infection, and the outcome are 
unmistakable. 

Resistance, defense and repair fluctuate throughout the course of 
the disease more or less equally. 

All the contributions of local and systemic responses to antagonism 
are significant but those of the blood are the most effective. 
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Local responses of the same structures in different persons are 
equally effective unless there has been previous injury. 

The efficacy of systemic responses is dependent principally on the 
stamina of the units that form blood corpuscles and plasma. 

Here again the contributions of all the hematopoietic units to antag- 
onism are significant but those of the plasma (antibodies) are most 
effective. 

As the blood-forming cells weaken, the greater the susceptibility of 
the host and the less the chances of recovery. This is revealed by 
I'epeated blood counts and estimations of sedimentation rates which are 
found to fluctuate with the course of the disease. 

All forms of tuberculosis are systemic infections. All begin with 
penetration of an external surface, and of these surfaces the mucosa of 
the digestive tract is the principal offender. 

All forms of tuberculosis can be caused by penetration of nutritional 
surfaces (systemic capillaries) by bacilli deposited on the endothelium 
from systemic arterial blood although the lymph glands, liver and lungs 
have other sources of contamination, and the surfaces are open to direct 
invasion. 

The liability of various structures to infection depends on their blood 
supply, whether they do or do not abstract more than water, salts and 
food from the blood, on the efficacy of the responses of their paren- 
chymal cells in producing antagonism, and on the stamina of those cells. 
Proof of the effectiveness and of the peculiarity of the responses of 
parenchymal cells is found in the susceptibility or insusceptibility of 
divers structures to human, bovine and avian bacilli. 

The myocardium is a dominant factor in combating tuberculosis 
and is particularly sensitive to the noxious egesta of tubercle bacilli. 

PREVENTION 

Restriction of the deposition of human, bovine and avian bacilli on 
external body surfaces would reduce the incidence of the disease materi- 
ally as proved by eliminating tuberculous cattle from dairy herds. So 
long as bacilli of the human type are present in the air they will be 
deposited on bronchial mucosa and the skin and directly or indirectly 
on ingesta. Bovine bacilli are still present in dairy products. Avian 
bacilli are contained in the eggs of tuberculous hens which are said to 
be numerous, and these bacteria are not always destroyed by cooking. 

More attention given to personal cleanliness, to the selection, prep- 
aration and serving of food, exclusion of the tuberculous from those 
who handle, prepare and serve -food, elimination of tuberculous chickens, 
prevention of the marketing of milk, butter and cheese of questionable 
origin and handling are needed to restrict contamination. 
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This aspect of prophylaxis is not immediately attainable, so that the 
other aspect, the institution of wholesome methods of living which 
develop and conserve the stamina of the entire circulatory apparatus 
the structures concerned in the formation, rectification and delivery ot 

blood, must be the chief reliance.® 

Further preventive measures should be more generally employe 
because it is impossible as yet to determine existing grades of siiscepti- 
bihty or insusceptibility and to estimate how long they may endure. 
Penetration of the cutaneous surface is infrequent, and of the mucosa of 
the genito-urinary tract rare, but penetration of the mucosa of the 
digestive tract not only is frequent but is the common origin of tuber- 
culosis. Bacilli are more likely to penetrate or to be transported in 
phagocytes through lesions than intact surfaces, and more when contact 
is prolonged than when it is brief. 

Repair and extraction of decayed teeth, the removal of adenoids and 
of unwholesome tonsils, and the correction of chronic dermatitis are 
desirable even though glandular tuberculosis has all but disappeared. 

If it be recalled that bacilli of the human type are not only ubiquitous 
but are frequent invaders which can be disseminated through the blood 
or through the lymph without provoking tuberculous lymphadenitis and 
later reach the blood, then the wisdom of eradicating portals of entry 
from external surfaces becomes indisputable. By the same token, cor- 
rection of constipation in persons of the phthisical habitus is necessary, 
sometimes even when this demands resection of inert intestinal seg- 
ments.'' The indications are as obvious as they are disregarded. First, 
to eliminate anorexia resulting from indigestion due to stasis; second, 
to eliminate the toxemia of constipation and thus to improve nutrition; 
and third, to reduce the frequency of penetration by bacteria of the 
mucosa and lymph follicles in the affected loops (often terminal ileum 
and proximal colon), and to obviate the formation of superficial mucous 

6. Grades of insusceptibility are commensurate with the strength and endur- 
ance of the circulatory apparatus, particularly with the stamina of the blood- 
forming units, and more especially the lymphoblasts and reticnlo-endothelium. 
The grades of susceptibility are proportionate to the frailties in these structures 
There is no distinct demarcation. Lesser grades merge in a common zone wherein 
there is at one time a modicum of insusceptibility, and at other times, of suscepti- 
bility. Higher grades of insusceptibility endure throughout life, however it be pro- 
longed. Lesser grades are dissipated by accidents, disease, unwholesome living and 
senility. Higher grades of susceptibility can be reduced by proper living but cannot 
be overcome. Persons so handicapped are destined to die of tuberculosis unless 
they succumb to another ailment. Their reproduction should be disconrafferi 
because mherent frailties are irremediable. Lesser grades of susceptibility S 
be curtailed even replaced by insusceptibility, if living is well ordered and acci 
dents and diseases are escaped. ° 

7. \atcs. Rainc and Stevens: Am. Surg. 90:517, 1929. 
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ulcers by the prolonged pressure of mtestinal contents which favor bac- 
terial invasion. 

Sinmnary . — The first and most important step in prevention of tuber- 
culosis is to eliminate human, bovine and avian tubercle bacilli from 
ingesta. The means are to prevent human bacilli from getting into the 
air, to stop the sale of milk, butter and cheese containing or likely to 
contain bovine or human bacilli, and to destroy tuberculous chickens. 
The second and next most important step is to introduce wholesome 
living more generall}'. The third is to minimize the likelihood of pene- 
tration of body surfaces by bacilli, more particularly the teeth, tonsils, 
mucosa and l^'mph follicles of the digestive tract. 

TREATJtF.NT 

Treatment consists in assisting patients to develop and to maintain 
the antagonism that confers insusceptibility, or, if that is impossible, to 
acquire the least grade of susceptibility. Prerequisite to treatment is a 
recognition of the e.xistence, the location and progress of the disease 
and a determination of the existing powers to make and to deliver 
blood.® Diagnosis and prognosis establish what means, if any, should 
be employed to augment the defensive capacity of the host, to reduce 
the offensive power of the bacilli, to conserve the energies of the host 
and to obviate recrudescences. 

Rediichig Offense . — Search 'will sometimes reveal the portal of 
entry, usually other possible portals, and, when feasible, all should be 
eradicated because of the probability of reinfection. Should the regional 
lymph glands contain the predominant lesions or serious lesions that 
assure dissemination, their radical extirpation is indicated if it can be 
tolerated. Predominant lesions, wherever located, are harmful because 
of the local destruction and the dissemination of noxious products and 
bacilli. Dissemination can be I'estricted by curtailing the activities of 
the affected structure. During acute phases complete immobilization is 
necessary although it induces the atrophy of nonuse in tissue cells, 
reduces the amount of blood delivered, and thus minimizes antagonism. 

8. Deficiencies in the blood develop before tuberculosis can be established. 
Consequently all persons suffering from tuberculosis, save those well advanced 
toward recovery, have blood deficits. It is impossible in the earlier phases of 
the disease to determine promptly which patients have a circulatory apparatus of 
so little stamina that they will become cachectic despite assistance and therefore 
cannot recover. Patients seen in the later phases have or have not lost the 
stamina of their circulatory apparatus. One examination of thyir blood will not 
be decisive. Blood counts and estimations of sedimentation rates repeated at 
intervals while patients are being given appropriate care will demonstrate which 
have lost hematopoietic capacity and with it the chance to recover. Prolongation 
of the lives of those hopelessly ill is usually cruel. 
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-\s soon as safety permits, gradually increasing activation is indicated, 
as it assures the utmost recovery of function. If the structure can be 
sacrificed without jeopardizing life or imposing undue permanent dis- 
ability (fallopian tubes, testes, ribs, sternum, fingers, toes, etc.) or if 
such sacrifice is or becomes requisite to recovery (kidney, segments of 
intestine, extremities, etc.), prompt removal is wisest Sometimes the 
predominant lesion demands intervention because of its collateral effect 
(pressure on the cord by pachymeningitis incidental to spinal caries) 
and sometimes a subsidiary lesion must be removed (amputation of 
tuberculous extremities) to permit healing of a predominant lesion 
(lungs). The proper treatment of abscesses may be perplexing, i. e., 
whether to aspirate, to institute drainage or to do nothing. 

It is easy to recognize the need for operations when they have 
become imperative and may then be futile. The difficulties are to inter- 
pret early indications and to have the courage to act on them or to 
persuade patients to consent. Estimating the capacity of patients to 
make blood furnishes more dependable information than any other 
single factor, though all must be considered, especially the patient’s 
morale. 


Angmcnthig Antagonism . — ^The first requirement is to improve the 
quality of blood in circulation, and, if necessary, to restore its volume; 
the second is to increase the quantity delivered to lesions. Rest is 
essential, hut it can be overdone as well as underdone. Air is not so 
fresh indoors as outdoors. Ample protection against cold is needed 
to limit heat production. Patients so protected should be kept on 
porches most of the time, day and night. Sunshine increases basal 
metabolism. It stimulates blood production if exposures are restricted 
to individual needs. Overexposures are more harmful than none. They 
cause fatigue, curtail the production of both cellular and noncellular 
elements of the blood, and may suffice to introduce an exacerbation. 
The benefits of the various artificial lights are greater if the lights imi- 
tate sunshine rather than produce part of the spectrum and if exposures 
are suitably regulated. Diets should provide fuel enough to satisfy 
current expenditures of energ}’ and to provide for the storage of poten- 
tial energy but not to overfatten. The requirements in water, salts, 
vitamins and foods are simple and should be met. Too little water is 
taken. Provision of salts, particularly iodine, is insufficient. Food- 
stuffs. perhaps of good quality, are ruined by poor preparation and unat- 
tractive service. The tendency to overeating or overfeeding is general. 
Excess fat is a liability. The digestive tract, often the site of primary 
invasion and constantly liable to infection, should not be overworked 
any more than heart muscle. Constipation is a menace. 

Blood deficits that are serious when treatment begins or that do not 
disappear thereafter indicate that blood-forming structures are fatigued 
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01 exhausted. If fatigued, they can be rested and allowed to recover 
most certainly by repeated transfusions of unmodified blood. Some- 
times sugar and salt should be given intravenously to combat dehydration 
and malnutrition. Transfusions, dextrose and salt given intra- 
venously are most useful in preparing patients for operation, enabling 
them to tolerate the stresses and expediting recovery. Giving drugs by 
mouth is usually futile and occasionally is harmful. If the blood-form- 
ing units are exhausted, transfusions may onl)^ prolong life for limited 
intervals. ■i' 

Helping patients to keep their morale high is a major part of treat- 
ment. If they need no active measures, they usually know it. If they 
are in need of more than pacifistic measures, there should be no delay. 
If they are irremediably affected, telling the truth is sometimes better 
than continued deception. Amusement, recreation and occupation are 
as necessary' for the mind as suitable diets are for the body. 

Exercise is needed to increase delivery' of blood, to develop and 
maintain the robustness of cells and to prevent deterioration. Mental 
and physical exercise is particularly indicated in combating chronic 
sy'stemic diseases like tuberculosis. 

Consei-vation of Energy . — The conservation of energy consists not 
only in restricting the expenditures of energy within limits of necessity 
but also in promoting the storage of reserve energy to provide a margin 
of safety. The hypermetabolism that produces fever necessitates com- 
pensatory rest. Lower grades of fever permit of some exertion. 
Afebrile states indicate exercise, gradually increased, but always within 
the limits of undue fatigue. Thus alone may' the warehouses that store 
sources of reserve energy be enlarged and filled. Undue caution in reac- 
tivation prolongs convalescence and sometimes induces incapacitating 
temerity or permanent inertia. 

Prevention of Recrudescences or Recurrences . — Development of the 
disease proves deficient antagonism. However complete the ajjparent 
immediate recovery, some of the bacilli inactivated to transient sapro- 
phy'tism probably' persist in tire body', and, even if they do not, reinvasion 
is certain. It is impossible to differentiate temporarily increased resist- 
ance from permanent immunity. It is safest to assume that the imme- 
diate insusceptibility' is low and likely to be dissipated, possibly' y'ears 
hence. Wholesome living, a suitable occupation, and the avoidance of 
exposure to reinfection should be continued throughout life. 

PULMONARY TUBERCULOSIS 

Lungs are remarkably resistant to invading bacteria ; their defensive 
capacity is exceptionally high, and, when unhandicapped, they are able 
to effect well-nigh scarless healing of fairly large lesions. The causes 
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of their being so commonly involved in all tuberculous procsses and 
the measures that will promote recovery from pulmonary tuberculosis 
are revealed in the peculiarities of their structure and funcdon. 

The significant structural characteristic is the unique disproportion 
between the vast total expanse of the five lung surfaces and the limited 
bulk of parenchyma. The external or ventilating surface is formed by 
the bronchial mucosa and the cells lining the 404,000,000 alveoli. Aeby 
has estimated the area of the alveolar cells in an adult at the end of 
inspiration to be 79 square meters during intervals of rest and 129 
square meters when activities are highest. This is about 40 to 70 
times the average skin surface (1.8 square meters) without con- 
sidering the expanse of bronchial mucosa and is from 75 to 125 
times as large as the surface of the intestinal mucosa (1 square 
meter?). The internal or aerating surface, formed by the endothelium 
of the capillaries of the lesser circuit, approximately equals the external 
surface during inspiration and expiration, whether quiet or labored. 
Mesothelium forms the pleural surface, lymphatic endothelium the 
drainage surface, and hemangio-endothelium of the capillaries of the 
greater circuit the nutritional surface. The bronchial vessels are under 
systemic vasomotor control, which is absent in the pulmonary vessels. 
Lying beneath, on and Ijetween the pulmonary surfaces and surround- 
ing the idood and lymph vessels is the restricted parench}'ma which is 
both supporting and contractile. 

The functions of the lung are external respiration, filtration of 
inspired air, filtration of blood delivered through the pulmonary arteries, 
elaboration of antibodies and digestion of fats and carbolwdrates. 

External respiration or aeration of blood is requisite not only to 
survival but to activity. Moderate impairment of its effectiveness 
restricts the production of functions needed for exertion and to combat 
disease. Immoderate impairment limits the production of functions to 
those required to support inactive life or reduces them below the limits 
of viability. 

Aeration continues if a balance is maintained between the volume of 
continuously ventilated alveolar air and the volume of blood driven at 
normal velocity through the capillaries of the pulmonary circuit. Either 
of these factors may vary widely and abruptly under usual conditions, 
yet. because of the automatic action of the air-cell-capillary mechanism 
discovered by Dunham, their coordination is assured provided the heart 
remains competent and the lung retains its elasticity. The mechanism 
IS as promptly effective under unusual conditions. ' The interrelation- 
ships that obtain in human beings are easily summarized. 

If air is prevented from reaching alveoli bv obstruction of a 
bronchus, there is almost immediate atelectasis, and a corresponding 
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collapse of the pulmonary capillaries. The blood normally destined to 
flow through the collapsed vessels is diverted to adjacent unaffected 
capillaries which are overfilled. This causes a compensatory emphysema, 
and the excess blood is thereby aerated. Should a branch of the pul- 
monary artery be occluded, the capillaries distal to the occlusion collapse, 
and atelectasis is a prompt consequence. Again blood is diverted, pro- 
duces a compensatory emph3'sema and assures aeration. Other abnormal 
states produce similar adjustments. Consequences are similar if an 
entire lung is affected. Reduction in intrapleural negative pressures 
which produce successively deflation and collapse or a production of 
positive pressures that impose compression of the homolateral lung 
causes diversion of blood to the other lung and compensatory emphysema 
within it. 

Prompt and proportionate responses to usual and unusual influences 
which produce the extraordinaiy adaptabilit}' of the lung likewise make 
it vulnerable. Atelectasis following deprivation of air or of blood from 
the pulmonar\' artery, if prolonged, becomes ]5ermanent because of the 
contractility of the parenchyma, vessels and bronchi. Similarly, pro- 
tracted collapse and compression which check respiratory movements 
prevent recovery of elasticih'. Deflation on the contrary permits some 
respiratory movements, preserves pulmonary elasticitj'. and full inflation 
occurs when normal intrapleural negative pressures are reestablished. 
Interruption of the flow of blood through the bronchial arteries which 
are end-vessels causes necrosis of the lung structure affected, including 
its overlying pleura. Blood in the bronchial arteries supplies not onl)’ 
nutrition to the entire lung but also the cellular and noncellular elements 
that contribute the major part of resistance, defense and repair. 

The effects of parenchymal lesions which restrict blood, lymph and 
air conduction or impair elasticity are similar to reductions in the 
volume of blood in circulation, in its o.xygen-carrying power or in its 
pressures because of mvocardial subcompetence. All interference with 
e.xternal respiration and the e.xtent of the interference is commensurate 
with reductions in vital capacity and breath-holding time. 

Filtration of the inspired air removes foreign bodies and noxious 
gases. Dust and bacteria, some of them pathogenic, are present in the 
air. The amount of dust and the number of bacteria inhaled are far 
larger than are exhaled, the balance being deposited on the waits of 
air passages. The amount of dust and the number of bacteria deposited 
within the lung diminish with the distance from the origin of bronchi. 
If the mucosa is intact and the passage of air is unobstructed, the 
ultimate bronchioles and alveoli are nnconfaminated. Abstraction of 
irritating gases from air is less effective. The chief defense is limiting 
inspiration and promoting expulsion. 
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Filtration of blood includes the removal of foreign bodies (inert 
particles, bacteria and dead or dying cells) and the abstraction of noxious 
products. This form of physical and chemical filtration of the lymph is 
effected by lymph glands, of the portal blood by the liver and of the 
arterial blood in the systemic circulation to some extent by all structures, 
including the lungs, but mainly by kidneys, spleen, liver and the intestinal 
tract. All noxious products and foreign bodies in the S3'stemic arterial 
blood, in the portal blood and in the lymph that escape the filtration just 
outlined and all that enter the systemic venous blood are delivered to the 
lungs in the blood in the pulmonary’’ arteries unless there is a patent 
foramen ovale. Lranph from the receptaculum chyli is the chief source of 
bacterial contamination, particularly during periods of active intestinal 
digestion when some bacteria are present and a part of them are patho- 
genic. Abstraction of noxious substances from the blood by the aerating 
surface is pronipt if they are volatile (alcohol, ether, acetone, etc.) and 
probably also if they are not. The efficacy of the external and aerating 
surfaces of the lung as filters of foreign bodies is prorled by pneu- 
monoconiosis. the black spit of those inhaling coal dust, the failure of 
insufflation to drive bacteria into bronchioles and alveoli, the common 
presence of bacteria in the lymph and the relative infrequency of bacteria 
in the arterial blood as compared with venous blood in the systemic 
circulation. 

Fried " indicated at the last meeting of this association that antibodies 
were produced by the endothelium of the pulmonary capillaries, the cells 
lining the ah'eoii and certain cells within the parenchyma, also that these 
cells could digest fats and carbohydrates. 


IXCEPTIOX 

The first requirement is penetration of one of the five surfaces of 
the lung by tubercle bacilli. The second is that the bacilli shall invade 
the parenchyma, and the third that the antagonism offered by the host 
shall be insufficient to inactivate or to destroy the invaders by restricting 
the rates of their nietabolism to viable limits or by reducing the rates 
below those limits. The surfaces will lie considered separately. 

External Surfacc.—hiert foreign bodies, bacteria and probably 
tubercle bacilli are constantly present on the mucosa of bronchi and 
larger bronchioles that have submucosa, rarely, if ever, under normal 
conditions on the surface of the ultimate bronchioles and the alveoli 
which have none. Penetration of bronchial mucous membrane by 
bacteria occurs as has already been described for other surfaces. Bacilli 
under prc.ss ure exerted hy secretions or exudates, pass into, through or 

9. Fried. B. M.; Defensive and Metatolic .\pparatus of Lungs- Lunirs anU 

Macropt\asc Svstem, Arcb. Path. 6:1008 (Dec.) 1928. ^ ® ^ 

10. Opie: Am. Rev. Tiiberc. 14:347, 1926. 
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between cells of an intact mucosa, throug^h lesions of the mucosa or are 
transported within wandering phagocytes.” 

A portion are retained in the mucosa or submucosa. Those able to 
maintain parasitic activities provoke lesions (bronchitis and peribron- 
chitis) ; the balance are inactivated to saprophytism or are destroyed. 
The other portion of the invaders penetrate the walls of capillaries or 
are carried through them in phagocytes and are transported in the blood 
of the bronchial vein or in the ij'inph. 

Bacilli transported in the blood in the bronchial veins are returned 
in the blood in the pulmonary artery. Those transported in the lymph 
pass to the peribronchial glands in which the majority are removed. 
According as they are active or are inactivated they do or do not cause 
tuberculous tymphadenitis. Lymphadenitis does or does not obstruct 
the intraglandular sinuses and does or does not result in destruction of 
the gland capsule with production of active periadenitis. If the intra- 
glandular sinuses are obstructed, the lymph is compelled to flow through 
collateral channels, some of which pass through lymph follicles within 
the parenchyma of the lung. Thus bacilli are deposited in the intra- 
pulmonary lymph follicles and the consequences are the same as if they 
are deposited in peribronchial lymph glands. If folliculitis develops, it 
may progress to an active tuberculous perifolliculitis. 

Periadenitis and perifolliculitis, tuberculous bronchitis and peri- 
bronchitis may result in pulmonary tuberculosis by direct e.vtension. 
Otherwise there is little likelihood that the parenclpmia of the lung will 
become directly involved from penetration of its external surface. Indi- 
rect parenchymatous involvement by bacilli transported in the lymph 
is probably infrequent at onset, whereas this form of involvement by 
bacilli transported in the blood in the pulmonary artery is common. 

Available evidence indicates that virulent tubercle bacilli are com- 
monly, if not constantly, present on the bronchial mucosa proximal to 
the ultimate bronchioles and that this portion of the external surface 
of the lung is repeatedly penetrated by the bacilli. After penetration 

11. The black spit of those breathing air containing coal dust proves that 
foreign bodies are e.xpelled with bronchial secretions. Tubercle bacilli are seldom 
found in the sputum of persons who have not active pulmonary tuberculosis, and 
not always when they have the disease. Pneumonoconiosis proves that not all for- 
eign bodies present on the external surface are e.xpelled with secretions, and the 
lesions suggest that the lymphatics are active in removing such as pass through 
this surface. Insufflation of bacteria into bronchi does not carry them to the 
ultimate bronchioles and alveoli. Causing susceptible animals to breathe air con- 
taining tubercle bacilli docs not invariably provoke pulmonary tuberculosis, but 
this is almost a constant consequence of intravenous injections thereof. Pre- 
sumably the number of tubercle bacilli present on the external surface of the 
lung is not large enough to be expelled as is coal dust, and their presence is not 
of necessity a menace. 
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the majority of the invading bacilli enter or are earned into the lym- 
phatics. Though they frequently cause peribronchial tuberculous lymph- 
adenitis and perhaps intrapulmonary tuberculous lymph folliculitis, these 
lesions are infrequently the origin of parenchymal lesions. On the 
other hand, the minority of the invaders carried in the blood in the 
bronchial veins are returned to the lung within the pulmonary artery 
and are often the cause of the disease. 

Aci'citbig Surface . — The number of bacilli that penetrate the external 
surfaces of the body at one time is small, but this occurs so often that 
the aggregate is large. A proportion of the invaders eventually are 
transported in the blood in the pulmonary artery and the majority of 
them are deposited on the aerating surface, relatively few passing on to 
be disseminated in the arterial blood of the systemic circuit. The bacilli 
present on and within the endothelial cells of the pulmonary capillaries, 
perhaps those within phagocytes in the parenchyma, explain in part why 
Opie found virulent organisms in bits of lung wherever they were 
excised. 

Penetration of the aerating surface by organisms deposited on it is 
the most certain origin of pulmonary tuberculosis and the commonest. 
The sources of the bacilli are from penetration of an external surface 
of the body and from extrapulmonary tuberculous lesions. Penetration 
of shin and of the mucosa of the genito-urinary tract is infrequent; of 
the external surface of the lung is repeated, and of the mucosa of the 
digestive tract is frequently repeated. These facts explain why digestive 
disturbances frequently occur at or before the onset of pulmonary tuber- 
culosis and why pulmonary and extrapulmonary lesions are often coex- 
istent. 

Nutritional Surface . — Bacilli must be present in the blood in the 
bronchial artery if pulmonary phthisis is to arise from invasion subse- 
quent to penetration of the nutritional surface. In order to gain the 
systemic arterial blood, bacteria must pass through the pulmonary circuit 
unless there is an open foramen ovale. The majority of organisms are 
deposited from the blood in the pulmonary artery on the aerating surface, 
so that the inception of pulmonary tuberculosis from bacilli deposited 
on the nutritional surface is exceptional save in generalized miliary 
tuberculosis. 

Bacilli are disseminated in the systemic arterial blood and sometimes 
without provoking pulmonary lesions; for example, to the bones and to 
the central nervous system. It is important to recall that in pulmonarv 
tuberculosis, even in its incipiency. bacilli are disseminated through the 
sy.stennc arterial blood and do cause extrapulmonarv lesions notablv 
renal.’- ' ’ ^ 


12. Medlar; .\m. J. Pntli. 2:401, 1026. 
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Drainage Surface . — The drainage surface is large in proportion to 
the bulk of the parench3’ma. Lymph flows from the periphery toward 
the hilum in the peribronchial and parenchymal vessels which intercom- 
municate and is delivered into the afferent sinuses of the tracheal glands. 
L3'mph gland units are placed at intervals along the lymph vessels. The 
consequence of removal of bacilli from the 13’mph stream has already 
been outlined in the discussion of invasion through the external surface. 
One other detail is noteworthyn If the sinuses within a tracheal gland 
become obstructed by' tuberculous adenitis, the outflow of lymph through 
these channels is prevented. Lymipli then flows from the hilum toward 
the periphery' until it finds egress through unobstructed afferent chan- 
nels. In this way' there may' be a retrograde infection of glands, a sub- 
sequent periadenitis with extension to the parenchy'ina. Seldom would 
this occur in the establishment of a primary pulmonary lesion. 

Atypical lymph vessels develop in adhesions between visceral and 
parietal pleurae. Thus the glands in the inferior cervical region are 
commonly' involved if there are apical lesions and adhesions. Contrarily. 
tuberculosis of the cervical glands might extend thus to involve the lung. 

Pleural Surface . — The initial intrathoracic tul:erculous lesion might 
be in the pleura caused by' bacilli delivered through the bronchial artery 
or deposited on the visceral pleura from lesions in the thoracic cage or 
adjacent glands. The usual sequence is extension from a subpleural 
parenchymatous focus. 

Summary . — Pulmonary tuberculosis develops only in susceptible 
hosts after penetration of one of the five surfaces of the lung by bacilli 
that had entered the body' through one of its external surfaces that may 
or may not have produced extrathoracic lesions. 

Pulmonary tuberculosis is the comnion form of the disease or the 
common concomitant of other forms not because the parenchy'ina is 
unable, if normal, to contribute affectively' to antagonism but because 
bacilli are deposited at brief intervals on its aerating surface, and the 
lung is subject to repeated injuries that vitiate its responses to subse- 
quent irritations. 

The chief sources of bacilli are penetration of the gastro-intestinal 
mucosa and of the bronchial mucosa proximal to the ultimate bronchi- 
oles, and extrathoracic foci of tuberculosis. 

The chief avenue of infection is penetration of the aerating surface 
by bacilli deposited on it from the blood in the pulmonary' artery. 

EVOLUTION 

After the inception of lesions in the lung, which occurs only in sus- 
ceptible hosts, their subsequent evolution is quite the same as in other 
structures, and the course varies -with the existing degree of suscepti- 
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biUlY. The natural contributions of the activities of its component cells 
to resistance, defense and repair are uncommonly effective, the blood 
sujjply is large, and the lung is highly adaptable. On the other hand, 
lungs’ are very sensitive to alterations in tension, even to the slight 
changes caused by incipient lesions because the volume of parenchyma 
is so restricted. Direct and indirect consequences of the alterations aie 
reductions in the amount of blood delivered through branches of the 
bronchial arterv which furnishes most of the nutrition and contributes 
mainly to antagonism. 

Lesions in least susceptible hosts seldom exceed miliary tubeicles, 
and were they not frequently calcified would be undetectable. They do 
not impair function. Recovery of these patients cannot be prevented 
by maltreatment, but it can be expedited by favorable treatment. As 
the lesions develop in moderately susceptible hosts they create increasing 
tension which interferes with the passage of air. compresses the pulmo- 
nary capillaries and terminates in atelectasis in the portion affected. 
Atelectasis reduces the supply of bronchial arterial blood. Atelectasis 
also promotes fibrosis, and this is hastened by the inflammation. Fibrosis 
is favorable to healing Init unfavorable to resistance and defense because 
the systemic blood supply is curtailed. Unless the bacilli are promptly 
inactivated, a vicious cycle is inaugurated. Interference with the deliv- 
ery of i)lood permits lesions to extend, and the larger the lesion, the 
more the restriction of blood supply and the greater the liability to case- 
ation. .A majority of these patients will recover if given only proper 
expectant care, but the duration of their illness and the extent of their 
lesions is avoidably great. Some who develop larger cavities because of 
untoward local conditions will only recover or be enabled to arrest the 
progress of their disease if intrathoracic tensions are so altered by 
operations as to assure collapse of the cavities. 

Lesions develop in immoderately susceptible hosts in three ways: 
1 . \\'hen the offense-defense ratio is low, the irritation is slight and the 
responses are sluggish. A gradually progressing fibrosis results which 
cannot be materially controlled. 2. When the offense-defense ratio is 
higli. lesions develop and extend more rapidly, caseation is pronounced 
and multi])le cavities are formed. Drainage is inadequate, toxemia is 
higher and more bacilli are disseminated. The lives of a few of these 
patients can be jn-olongcd if their cavities are collapsed, and some can 
he made more comfortable. The majority are too ill to withstand opera- 
tion, or. if they survive, are unable to effect enough repair to justify 
the discomforts and danger. 3. When the offense-defense ratio is ver’v 
high, acute pneumonic phthisis develops and is seldom amenable to 
treatment. 

Invaluable clinical lessons can be learned from the progress of lesions 
m the lung. .\t onset .all lesions arc incipient, and. excluding the pneu- 
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monic processes, it may be impossible promptly to differentiate grades 
of susceptibility. Safety demands that each patient be regarded as less 
competent to develop antagonism than observations may indicate. AVhat- 
ever measures will promote recovery without imposing undue handicaps 
(e.g., permanent reduction in vital capacity) should be utilized at once, 
not after waiting to observe progress. Similarly when patients are seen 
after onset, the measures that will retard progress without adding mate- 
rially to handicaps should be employed before the possibility of recovery 
or even of arrest is forfeited provided that has not already been lost. 

The stresses imposed by the disease affect the whole body, more 
particularly^ the circulatory' apparatus. Blood formation, originally 
inadequate, is apt to be further impaired by fatigue and intoxication of 
all hematopoietic structures, especially the weaker units, the very ones 
that because of their incompetence the disease was established. Heart 
muscle is similarly affected and my'ocardial weakness is often more seri- 
ous than the pulmonary lesions. Vital capacity is reduced and restricts 
the production of the excess energy' required to provide defense. 

Every new lesion in the lung or pleura reduces the elaboration of 
antibodies, increases dissemination of noxious substances and bacilli 
even more than the inception and progress of other lesions. The greater 
the number of bacilli disseminated, the more certain the development of 
multiple extrapulmonarv lesions. All foci of pulmonary disease raise 
peripheral intravascular resistance which increases cardiac burdens. In 
brief, the earlier the disease, the more hopeful the outlook, and the more 
inexcusable is procrastination in em]>loying aggressive therapy. 

Summary . — Evolution of pulmonary' tuberculosis is determined by 
the nature and extent of the deficits in constituents of the blood, whethei 
the deficits result from fatigue or exhaustion of the structures that 
form those constituents, and by' alterations in intraparenchy’inal tension. 

^Vben the disease is in its incipiency', it is seldom possible to deter- 
mine at once the capacities of patients to develop the antagonism needed 
for recovery or to arrest progress. 

Safety' demands that each patient be regarded as less than apparently 
competent and be treated as promptly' and as aggressively as conditions 
warrant. 

None would be injured if this plan were followed. The recovery 
of those of least susceptibility' would be expedited, and of those of mod- 
erate susceptibility would be assured with the least immediate and ulti- 
mate disability. The lives of those of immoderate susceptibility would be 
prolonged. 

When the disease is moderately' advanced, it is usually' possible to 
determine within a few weeks, as will be described later, whether or not 
recovery' or arrest is attainable by some forfn of active intervention. If 
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the disease is immoderately advanced, the objectives are to prolong 
active lives and to restrict discomfort, not to protract existence. 


PREVENTION AND TREATMENT 

Prevention . — The chief sources of contamination are bacilli in air 
and ingesta. The more serious portals of entry are in the mucosa of 
intestines, bronchi and larger bronchioles, tonsils and carious teeth. 

At present the number of bacilli in air and ingesta cannot be reduced 
although the means are obvious. Affected tonsils can be removed and 
carious teeth corrected. Wholesome living will afford all possible pro- 
tection against bronchial and intestinal lesions. Some persons are 
unfortunate heirs to weak intestinal muscles which are often more pro- 
nounced in the proximal and terminal segments of the colon. Weakness 
causes stasis, digestive distresses and malnutrition. Stasis favors pene- 
tration of the intestinal mucosa by bacteria and absorption of noxious 
substances. Malnutrition vitiates antagonism. If constipation cannot 
he otherwise relieved, operations are sometimes indicated. Justification 
for care in correcting gastro-intestinal malfunctions, even though it 
entails serious operations, is found in the frequence of digestive dis- 
turbances preceding inception of pulmonary lesions, in the common 
development of intestinal tuberculosis in those suffering from pulmo- 
nary phthisis and in the knowledge that a large number, if not the 
majority, of tuberculous infections of the lungs are caused by bacilli that 
invaded the intestinal mucosa. Suitable hygiene will always be the 
effective means to conserve and to augment insusceptibility and to 
reduce the grades of susceptibility. 

Treatment . — Pulmonary tuberculosis is a systemic infection with 
tubercle bacilli wherein the predominant lesions are in the lungs. It 
begins because the responses of tissue cells adjacent to invading bacilli 
are supplemented inadequately by the cellular and noncellular constitu- 
ents of the blood delivered through the bronchial artery. Although the 
efficacy of tissue cell responses may be impaired through previous injury, 
deficits in some of the constituents of the blood are the constant and 
determining contributing factor in the origin and throughout the prog- 
ress of the disease. Recoverj' occurs spontaneously if the structures 
which produced the constituents initially deficient are sufficiently robust 
to respond to the added stress of toxemia by overproducing instead of 
underproducing those constituents, if the lesions in the lung receive 
abundant blood and if they have not progressed beyond repair. Recov- 
ery can be promoted if therapeutic agencies minimize or eliminate the 
obstacles to spontaneous recovery. 

Treatment con.sists primarily in improving the quality of blood in 
circulation and restoring its volume if it has been reduced but not because 
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of the lungs alone. Lesions, be it recalled, are never restricted to the 
lungs. Either an extrapulmonary focus was the source of the infection 
that has reached the kings or bacilli from the pulmonary lesion have 
been disseminated chiefly through the systemic arterial blood and depos- 
ited on the nutritional surface of organs and tissues. The majority are 
destroyed. Some are inactivated. A few remain parasitic and produce 
]esioi:s, possibly in the kJckjej'S (Medhr). Other steps in treatment are 
to restrict further dissemination of bacilli and of noxious substances 
from the jjulmonar}' foci, to increase the volume of blood delivered to 
the affected or more affected lung, thus to foster the efficacy of the 
defensive and reparative responses of its structural cells, to conserve 
myocardial competence and to develop and maintain a margin of safety 
which includes upholding morale. 

Improvement in the Quality and Restoration of the Quantity of 
Blood m Cirenlafion. — The need for well balanced diets, suitabl)' pre- 
pared and served, is recognized but infrequently met. The sin of over- 
feeding is as common as is the neglect to utilize proper food to regulate 
the bowels. Constipation is a double menace, interfering with nutrition 
and favoring invasion or more often reinvasion of intestinal mucosa by 
bacilli swallowed with the sputum. Seldom do patients get enough 
water, fresh fruit and salads. Calcium, iodine and chlorine are insuffi- 
ciently provided. Fresh air and sunshine, two necessities everywhere 
available, are seldom properly utilized. Outdoor living, night and day, 
requires sleeping porches and extra attention. This increases immediate 
costs but saves eventually. Perhaps one tenth of the patients are too ill 
to benefit from regulated exposures to sunshine. Certainly not one- 
tentli are allowed to profit from the beneficent influence that energizes 
the metabolism of all cells. 

13. Facts are available to contradict the harmful statements of those opposed 
to the therapeutic utilization of sunshine. Persons (excepting negroes) having 
moderate deficits in either Cellular or noncellular blood elements who are otherwise 
living wholesomely will recover from their anemia if exposures to sunshine are 
properly regulated as suggested by Rollier, provided their hematopoietic structures 
are not exhausted. On the contrary, robust persons overe-xposed even once to 
real or artificial sunshine will develop deficits in both cellular and plasma con- 
stituents (e. g., lymphopenia and hastened sedimentation) that may persist for 
more than a fortnight. It is therefore evident that exposure of those suffering 
from moderate fatigue of hematopoietic structures must be initially brief and 
gradualb' increased, and those whose blood-forming units are exhausted will be 
injured by anj' exposure. 

Both the beneficial ant) injurious effects are produced by emanations that 
penetrate the skin and are disseminated in blood and lymph. Sunburns and tan 
are reactions to overexpospres and are to be avoided in therapj' — burns because 
they are indicative of injury, tanning because it is protective against the penetra- 
tion of the skin by emanations and necessitates longer exposures to provide desir- 
able benefits and leads to additional pigmentation. Hence the wisdom of gradually 
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Artificial light which reproduces the entire spectrum of sunshine 
quite accurately can he furnished and is a satisfactory substitute, bu 
only a substitute. Artificial lights that produce parts of Ae spectrum 
are less efficacious. Drugs avail little. Intravenous administration of 
dextrose and salt is valuable to overcome dehydration and alkaloMS. 
When repeated examinations of the blood show that blood formation 
continues to be subnormal under this regimen or that blood deficits are 
serious at the beginning of treatment, transfusions, often multiple but 
of unmodified blood, are indicated unless ' patients are irreparably 
involved. 

Restriction of Dissemination of Noxious Products and Bacilli . — 
Limitation of excursions of both lungs is attainable by mental and 
physical rest. A further restriction but not abolition of excursions of 
the affected or more affected lung is quite imperative. It can be pro- 
vided by reducing the intrapleural negative pressures on that side either 
by artificial pneumothorax or preferably by induced paralysis of the 
diaphragm. 

Postering Defense and Reparative Responses of Tissue Cells . — 
Restriction but not aliolition of usual activities and hyperemia are 
required. Means to restrict motion and the amount of blood needing 
aeration and filtration have just been described; those to increase the 
blood supply follow. Sometimes cavities must be allowed or compelled 
to collapse by the further reduction or abolition of intrapleural negative 
pressures. Induced pneumothorax may be utilized. Partial or com- 
plete thoracoplasty is usually demanded. 

Increase of Anwunt of Blood Delivered to Lung. — Parenchymal 
nourishment and defense are supplied chiefly by the blood delivered 
through the bronchial arteries which are under vasomotor control. The 
unit volumes of blood delivered are greatest if the peripheral resistance 
is minimized and vasoconstriction prevented. Peripheral resistance is 
least when the lung is in a mean position between the extreme of infla- 
tion and deflation. Vasoconstriction is caused by chilling of the body 
and complete inactivation of the lung. Keeping the body warm and 
reducing intrapleural negative pressures fill these requirements. 
Increased metabolism of tissue cells adjacent to bacilli produces the 
excess catabolic products needed to induce local hyperemia. 

Conservation of Myocardial Competencc.—Rostriction of toxemia 
adequate nourishment, rest in bed during the active phases of the dis- 
casc, and thereafter gradually progressing activation are required Most 


incrcasins areas of .skin so that ma.ximal effects are attainable in brief 
nucrvals. Lkcw.se U .5 ^expedient to expose to sunshine during midday in 
the summer or to highly powerful artificial lights. The notions thit n 
of p.at!cnts suiTcring from pulmonary tuberculosis should not be exposed an^tr^t 
.-my expoviros provoke hemorrhage arc obviously erroneous. ^ ° 
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important of all is the provision of an adequate volume of wholesome 
blood, and second to this, tlie limitation of the peripheral resistance 
within the vessels of the lung, which is attainable by the avoidance of 
positive intrapleural pressures. 

Margin of Safety . — A supply of reserve energy during the disease 
is hardly more necessary than it is throughout life after convalescence. 
If the capacity of the entire circulatory unit to, make and to deliver 
blood is developed and not dissipated, the utmost has been accomplished. 

Morale . — The will to recover and to keep well is aggressive optimism. 
Optimism is developed and maintained with the realization that suitable 
efforts are being made to promote mental as well as physical welfare. 
Gaining in strength alone is of little value without a desire to work and 
an anticipation of the reward of accomplishment. Nothing is more 
productive of pacifistic pessimism than the expectant therapy that pro- 
crastinates until body and soul are wrecked. 

SURGICAL ASPECTS 

Operations suitably performed on properly selected patients are effi- 
cacious in promoting recoveries or in aiding to arrest the disease. Fail- 
ures have taught the invaluable lessons of what not to do and when not 
to do an)dhing. Successes indicate greater service, particularlj" to many 
who are being denied a more certain and less delayed return to active 
life. A summary of experiences gained while attempting to promote 
recoveries by a utilization of procedures based on concepts of the pathol- 
ogy of tuberculosis and of the physiology of external respiration will 
be given to indicate possible attainments. 

TRANSFUSIONS 

Unmodified blood has been given with paraffined tubes.^^ Many 
patients have received one. some three or four, and a few seven or more 
transfusions. 

14. Among the objects of transfusion are to increase the volume of blood in 
circulation, to raise its o.xygen-carrying capacity, to add both lymphocytes and 
protective substances or antibodies, and to avoid causing febrile reactions. 

Anticoagulants now available are injurious to lymphocytes and to antibodies. 
Margaret Perry (Wisconsin M. J. 25:123, 1926) found lithium citrate to be the 
least harmful. All of the fibrinogen is not inactivated and is changed into sub- 
stances that approach fibrin in structure. These substances are sufficiently irritat- 
ing to cause chills, particularly in the febrile patient, whose thermo-regulating 
apparatus is unstable. Chills are distinctly more injurious than helpful and may 
be lethal. Syringes are not used for the same reason. They injure blood more 
than do paraffined tubes and thus initiate the conversion of fibrinogen into fibrin. 
Chills occur less frequently after syringes are used than after anticoagulants are 
employed but more frequently than when transfusions are given with Vincent 
tubes. 



1151 


) 'A TES—P UL.MOXA RV TUBERC U LOS IS 

Indicalious.—Smons blood deficits, preparation for operation, post- 
oj)erative hypotension, and incipient acute pneumonia especially in the 
less affected lung are indications for transfusion. 

Conlraimlications.—Tvwshision is contraindicated in the presence 
of irrecoverable incompetence in the blood-forming structures or in the 
heart muscle. 

Failures . — Once the capacity to form cellular or noncellular constitu- 
ents of the blood is lost or the myocardium is irreparably damaged, 
transfusions, no matter how often repeated, are futile though ther mar 
prolong life for a few weeks or even months. 

S«f£-me.r.— Restoration of the quality and quantity of blood has 
lieen achieved, and the rest thus provided has permitted the circulatory 
apparatus to recover its competence. Sometimes when the heart is 
weak, it has been necessary to give only 100 cc. at a time; usually 500 
cc. has been gi\-en and as slowly as the avoidance of coagulation per- 
nutted. Patients have lieen prepared to withstand operations that 
would otherwise have been e.xceedingly hazardous. Similarly they have 
been relieved of ominous postoperative hypotension. Rarely a transfu- 
sion has been given during operation, though usually de.xtrose is given 
if blood pressures fall below safe limits. Transfusions given as soon 
as signs of an acute pneunmnia are recognized can. because of the 
resultant uverdistention of the pulmonary capillaries, overcome atelec- 
tasis. and promote immediate recovery from the infection. 

The interdependence of lesions and blood status has been proved. 
Nothing added to the routine treatment of patients but the .giving of 
blood .has induced improvement that cannot be otherwise interpreted. 
.Another proof was olrtained accidentally. A large man who had recov- 
ered from a rather brisk form of the disease had been used as a donor 
for a very sick patient, and his blood was more beneficial than that of 
the usual donors. Shortly afterward a nurse became acutelv ill and 
needed blood immediately. He volunteered to give his blood." and this 
additional reduction was followed by a recrudescence which, fortunatelv 
was brief. When douln arises, it is safer to transfuse than to wait for 
positive indications. One transfusion too many never hurt a patient’ 
many fail to obtain full benefits if there is one too few. 

'I'lie selection of donors is also of imjiortance. Those recently recov- 
ered from the disease are seldom available and. as experience" proves, 
should be used ottly under unusual conditions. Robust persons over 30 
years of age and more particularly men wlio liave had tuberculosis and 
ac{|uired insusceptibility arc most suitable. They have potent antibodies 
m their plasma, the substances wliich restrict the metabolism of bacilli, 
belli to neutralize the tioxious products and contribute the most effective 
single clement to antagonism. 
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INDUCED PARALYSIS OF THE DIAPHRAGM 

Paralysis and subsequent rise of the diaphragm reduces intrapleural 
negative pressures (in man and other thick-pleuraled animals but not in 
the thin-pleuraled) and causes deflation of the lung on the side affected. 
Vital capacity is reduced upward of 10 per cent. In some patients the 
intercostal spaces are narrowed, and the angle between ribs and spine 
becomes more acute immediately or some weeks after paralysis. This 
handicap is not great, but suffices to justify induction of permanent 
paralysis only when recover}' of function of the diaphragm would be 
impossible after the pulmonary lesions have healed. 

Three procedures are employed; crushing (phrenemphraxis) of the 
main branch of the phrenic nerve or, in addition, of such accessory 
branches as contain filaments that transmit motor impulses to induce 
temporary paralysis and, if possible, complete relaxation; excision 
(phrenisectomy) of portions of the trunk or accessory branches of the 
phrenic nerve to induce permanent complete paralysis and relaxation; 
extraction of the distal portion of the phrenic nerve (exeresis) when 
phrenisectomy fails to induce complete paralysis and relaxation. 

All operations are performed with patients lying on a fluoroscopic 
table. The position and contractions of the diaphragm are observed. 
Then the phrenic nerve is exposed through a supraclavicular transverse 
incision, the main trunk held gently in a narrow hemostatic forceps, the 
lights extinguished and the x-rays generated. Sudden crushing causes 
the diaphragm to contract and then to rise abnormally high. If all the 
motor fibers have been blocked, the diaphragm does not descend during 
inspiration, and its contour remains evenly rounded. If some filaments 
transmitting motor impulses lie in accessory or collateral branches (less 
than 40 per cent), then on inspiration wavy indentations appear in the 
contour produced by the unparalyzed segments. Collateral branches are 
sought and the process repeated until the paralysis is complete; i. e., 
there is no intrinsic motion though the paralyzed side may be drawn 
downward by contractions of the opposite side. Branches of sympathetic 
nerves transmit impulses that help to preserve the tone of the dia- 
phragmatic muscles. They may join the phrenic in its cervical or 
thoracic portions or reach the diaphragm separately. Until these nerves 
are blocked, the diaphragm retains some of its tone and is incompletely 
relaxed. When they are all blocked, relaxation is complete and the 
atonic diaphragm rises during inspiration, producing the characteristic 
paradox. 

If phrenemphraxis as just described produces desired results and it 
is expedient to make them permanent, the nerves containing motor fibers 
are divided at the place where they have been crushed, a few inches of 
the distal portion withdrawn and dh'ided as low as exposure permits. 
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\Mien the phrenemphraxis is inefficacious, exeresis is utilized. The main 
trunk is divided and the distal portion extracted slowly until the nerves 
are disrupted. Even this procedure may fail occasionally to induce 
relaxation or even complete paralysis. 

Indications. — Temporary paralysis is used for incipient lesions and 
for moderately advanced lesions which are of such nature as to indicate 
probable healing in four months or less and a return of motion will be 
helpful in restoring vital capacity, for recurrent hemorrhages from the 
pulmonary artery and for pain. Permanent paralysis is induced as a 
preliminary step to thoracoplasty if return of motion is undesirable. 

Conlrahidications. — Immobilization, high position and fixation of the 
diaphragm by dense adhesions over the lower lobe, immoderate suscep- 
tibility revealed in irremediable blood deficits, and approaching death 
arc contraindications for produced paralysis. 

Failures. — Occasionalh’ it is impossible to find accessory branches 
that transmit some of the motor impulses to the diaphragm, and crushing 
induces only partial paralj’sis. Not only is motion incompletely inhibited 
but also the diaphragm retains enough tone to prevent its displacement 
upward. Rarely exeresis will not induce complete paralysis, some inner- 
vation of the diaithragm being supplied by the lowest intercostals. 

Paralysis of the diaphragm, however complete, will accomplish little 
for those of immoderate susceptibility even if their lesions are ttot 
advanced. It is only a part of treatment, and, unless accompanied by all 
other measures, it will often fail to promote improvement. Those who 
expect induced paralysis to be a panacea are disappointed because they 
du not rcl.v on careful physical and fluoroscopic examinations, do not 
ct>nsidcv personal and family history, and neglect to estimate hema- 
topoietic capacity. 


6’«rrr.«c.r.-~'rhe greatest help obtainable from transient paralysis is 
for incipient lesions. Recovery, if patients are of lesser grades of suscepti- 
bility, is hastened. Improvement in similar types of patients whose 
lesions arc more ad\-ancec! is usually pronounced and progressive and 
may even lead to their dismissal from an institution within four months 
as apiiavcntly recovered. Sometimes a recrudescence then proves that 
the disease had been arrested with the aid of paralysis and was reac- 
tivated hy a return of motion. Patients with advanced lesions may be 
tnaile more comfortable through restriction of pain and cou'-h Some 
are helped mentally for a time. A notable service is in preparation for 
thoracoplasty. Hemorrhages from the pulmonarv artery are usually 
controlled. Pain can sometimes he checked. Occasionaliv the sensor'v 
ncM-ves are m accessory branches so that blocking only the main trunk 
of the phrenic nerve is useless. 
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Reduction in intrapleural negative pressures and consequently in the 
inflation and excursion of the lung increases its blood supply, raises 
pleiiropulinonary resistance to invading bacteria, augments defense and 
repair, and does not increase cardiac labor. It is a natural adaptation 
to combat acute j^leuropulmonary irritation and is accomplished by spon- 
taneous reflex atonicity of the diaphragm, increased angulation of the 
ribs and restricted motion of the thoracic cage on the affected side. 
Induced paral3'sis of the diaphragm affects the same reflex arcs and is 
similarly effective. It is not the treatment of tuberculosis but is a 
dependable adjunct to other methods. The earlier it is employed, the 
more benefits it will confer if the trifling operation is performed care- 
full}- and permanent paralysis is not induced when transient paralysis 
would suffice. 

Pneumothorax, properly induced and repeated, will provide an incon- 
stant reduction in intrapleural negative pressures. It creates a lesion, a 
cavity filled with an irritating gas. Instead of effecting a natural and 
dangerless adaptation, it imposes an abnormal state, not without danger, 
that is less beneficial. 

THOR.tCOPLASTV 

E.xtrapleural resection of ribs is not a definite procedure such as an 
amputation or removal of a gallbladder but a means to alter intrathoracic 
tension. Alterations attained depend on the number and location of ribs 
resected, the e.xtent of the resection, the presence or absence of pleural 
adhesions and the elasticity of the lung. 

The utmost accomplishment of complete thoracoplasty is to subject 
an entire lung to atmospheric pressure and produce its collapse. This 
permits the lung to adapt itself naturally and to retain a suitable supply 
of bronchial arterial blood during and after the interval of readjustment 
without imposing intolerable burdens on the heart if operations are 
performed in three or more stages. Fortunately, the lung is not com- 
pressed, its blood supply is not harmfully curtailed and the heart is not 
overburdened. Addition of pressure to the parietes after ribs are 
removed is worse than futile. 

Indications. — Existence of cavities that cannot collapse because their 
walls are too rigid or because they are fixed by pleural adhesions to 
parietes demands thoracoplasty to provide opportunities for arrest of 
the disease or recoverv from it. Limited thoracoplasty is indicated if the 
cavitation is restricted to an upper or a lower lobe and the balance of 
the lung is so little affected that it can recover and contribute to external 
respiration and other pulmonarj' functions. Complete thoracoplasty is 
indicated if cavities exist in more than one lobe or if thej' are confined to 
one Jobe and the lesions in the balance of the Jung suffice to have 
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(icstroyed its capacity to regain function; if incomplete, thoracoplasty 
fails to promote arrest or recovery. 

Co,,hwudkaUons.--Lo^^ of blood-forming powers, pronounced and 
irreparable myocardial incompetence, progressive bilateral lesions and 
lack of morale are included in the contraindications. 

Methods . — Patients are selected wlio have an opportunity to recover. 
Rib-cutting will not rehabilitate the dying and is never justified merely 
iiecause evervthing else has been tried and has failed. Preparation extends 
over a week or longer. It consists of a preliminary paralysis of the 
diaphragm, restricted activities, excess of water and fruit juices in 
the diet, intravenous administration of salt and dextrose, and, when 
feasible, one or more transfusions. 

Local anesthesia is employed if the mental or physical distresses will 
not be too objectionable. Ethylene given under slightly increased pres- 
sure is the safest general anesthetic. The pressure prevents postopera- 
tive atelectasis. One stage may be done with local, the next with 
ethylene or as the patients elect, or operations may be begun under 
local and be completed under general anesthesia. 

Resections begin with the uppermost or lowermost ribs according as 
they overlie the most serious lesions, and are relocated when the patient’s 
condition warrants. The number of ribs resected at any stage should 
be one less than the patient can withstand. If the first operation or two 
introduces progressive im])rovement, others are postponed to make cer- 
tain they are necessary. Undue delay is to be avoided as ribs regenerate 
and may require a second resection which is more difficult. Resection 
of the lower six or seven ribs may include all the periosteum and the 
intercostal muscles. W'ound healing is excellent, and, after the edema 
disappears, the parictes which conskst of the parietal pleura, skin and 
subculancnus fat are soft and yielding. This permits of a wide range 
of adajitability and prevents interference with cardiac action by adhe- 
sions. Some patients arc annoyed by being able to put a hand almost 
<lireclly on their heart. It is not yet certain whether or not this 
l)roi)hylactic decompression of the heart is wise although it is harmless. 

.Ml ribs except the first and twelfth are removed from their angles 
to the sternum in complete thoracoplasty. If the paralyzed diaphragm 
is high, the eleventh rib is spared to assure saving the nerve supply to the 
upprw portion of the rectus muscle. When conditions permit, the mesial 
imrtions of the five upjier ribs arc not resected to restrict deformity. 
P<istoperative care inclwlcs transfusions, dextrose and .salt intravenouslv 
ii])iates and fresh air. 

L,7;/a;v,f.— Deaths are restricted to mistakes in selection of patients 
to .acculenlal wound infection and to acute pneumonia. .Myocardial 
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incompetence limits subsequent activity. Lost morale may prevent 
repetition of resections needed to permit of healing or arrest of lesions. 

Successes . — Proper selection and preparation of patients, restricting 
the number of ribs resected at auy stage within limits of toleration and 
suitable after-care make thoracoplasty feasible for seriously handicapped 
patients. Performance of operations earlier, that is, as soon as it is 
probable that healing cannot occur until intrathoracic tension is 
appropriately altered, reduces both the number of ribs that must be 
resected and the period of convalescence. A larger proportion of 
patients can return to gainful occupations and, because their vital 
capacity is less curtailed, they are able to take positions that demand 
considerable activity. Many can resume their fornmr vocations. 

Proceeding in accordance with the plans outlined has made it pos- 
sible to avoid fatalities from thoracoplasty, and no patient with a chance 
for recovery has been denied operation. This has been accomplished 
through cooperation with the medical men who have had direct charge 
of patients. Moreover, earlier and more general utilization of transfu- 
sions and induced paralysis of the diaphragm has reduced the number of 
patients who have needed rib resections and also the number of ribs it 
has been necessary to remove. 

The problems incidental to tuberculous abscesses of the lung, cavities 
as they are usually designated, need solution which thoracoplast}' does 
not provide. For example, an upper lobe may be converted almost com- 
pletely into cavities and the balance of the lung remain quite unaffected, 
or, following a complete thoracoplasty, an abscess of considerable size 
may persist and continue to make mischief. Destruction of an involved 
lobe by the actual cautery as employed by Graham might be efficacious 
if sinuses did not persist. Were this procedure successful, it would be 
preferable to partial thoracoplasty. External drainage of abscesses 
already practiced by Lilienthal is perhaps more widelj' applicable than 
now seems probable. 

SUMMARY 

Prevention. — Pulmonary tuberculosis occurs because human, bovine 
and avian tubercle bacilli are deposited on the e.xternal and aerating sur- 
faces of lungs and penetrate them to invade the parenchyma of such 
persons as are susceptible because they are unable to make suitable cel- 
lular and noncellular constituents of the blood. 

Reduction in the number of bacilli now present in the air and ingesta 
is the primary requisite. The second is to improve living conditions. 
The third is to prevent reproduction of those whose hematopoietic struc- 
tures are inherently weak. 

Treatment. — ^The causes of the inception, the influences that govern 
the evolution of phthisis, and the factors that contribute to systemic and 
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})iilmonarv antagonism are fairly accurately established. Enough has 
been learned of bow the factors can be modified so as to aid patients to 
recover or to arrest their disease to eliminate empiricism and routinism 
from phthisis therapy. 

The procedures now available, nonoperative and operative, suitably 
and promptly utilized would diminish disabilities and reduce the present 
mortality rate more than has been hitherto possible. In addition to 
improving present procedures and a wiser utilization of them, the great 
obvious need is a potent antiserum. 

GENERAL SU-MMARY 

Virulent tubercle bacilli are deposited so frequently on the external 
surfaces of the body from air, contacts and ingesta that every^ one is a 
carrier although most of the microbes do not survive. The surfaces are 
oenetrated repeatedly with and sometimes without the provocation of 
superficial lesions. The bacilli enter the subcutaneous tissue and the 
gastro-intestinal and bronchial submucosa wherein some are deposited 
on the outer surfaces of blood capillaries and lymphatics. 

Bacilli have now become invaders, and, being obnoxious, they arouse 
the antagonism of the host, namely, the increased activities of the 
adjacent tissue cells which are supported, reenforced and stimulated by 
the addition of cellular and noncellular constituents of the blood. A 
majority of the invaders are destroyed. The survivors are inactivated if 
the antagonism presented by the host is effective enough to confer insus- 
ceptibility, otherwise they maintain or regain their destructive activities 
according as the host, because of the degrees of inefficacy of antagonism, 
is more or less susceptible. A minority of surviving invaders remain in 
the subcutaneous and submucosal tissues and provoke or do not provoke 
lesions according as they maintain or regain activity or are reactivated. 
The others penetrate lymphatic and blood capillary walls or are carried 
into the lymphatics within wandering phagocytes. 

Bacilli that enter blood capillaries after having penetrated the skin 
or the bronchial mucosa arc transported in the venous blood and 
delivered through the pulmonary artery to the lung where most of them 
are deposited on the aerating surface, the endothelium of the capillaries 
of the ic.sscr circuit. Bacilli that enter blood capillaries after having 
penetrated gastro-intestinal mucosa are transported in venous blood to 
the liver where most of them are deposited on the endothelium of the 
capillaries of the portal circuit within the liver. 

Bacilli that enter lymphatics after having penetrated the skin are 
transported to adjacent regional glands and deposited on the endothelium 
of the imraglandular sinuses of the first or second gland. Bacilli that 
enter lymphatics after having penetrated the bronchial mucosa are trans- 
ported to peribronchial glands or to hilum glands and deposited on the 
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endothelium of the intraglandular sinuses. Bacilli that enter lymphatics 
after having penetrated intestinal mucosa are transported with the clyle 
during active digestion through lymph glands, but not all are deposited 
on the walls of sinuses. The others are carried into the receptaculum 
chyli and promptly delivered through the thoracic duct into venous blood 
and thence to the lungs. 

The bacilli that enter the venous blood of the systemic circuit, those 
that enter the blood of the portal circuit and are not deposited within the 
liver, and those that enter the blood with l)'mph in the thoracic duct 
are all delivered to the lung through the pulmonary artery. 

Most of the bacilli in venous blood are deposited on the walls of the 
pulmonary capillaries, and the few that escape are disseminated through- 
out the body in arterial blood and deposited on the endothelium of the 
capillaries of the systemic circulation within every organ and tissue. 
Available evidence indicates that the larger proportion of invaders have 
penetrated the intestinal mucosa and are the more usual cause of pul- 
monary infection because they are frequently delivered promptly, 
directly or indirectly, into the venous blood. 

This completes the first phase of invasion, namely, penetration of 
an external body surface, destruction and retention of some bacilli in 
submucous or subcutaneous tissues, dissemination of the balance 
through blood and lymph, and their deposition on the endothelium form- 
ing the aerating surface of the lungs, the digestive surface of the liver, 
the nutritional surface of every structure in the body, and the drainage 
surface (lymphatics) of all structures but the central nervous system, 
eye, internal ear and spleen which have none. Superficial and subsurface 
lesions are provoked if the surviving bacilli continue active in spite of 
antagonism ; none, if they are inactivated by the antagonism of the host 

Subsequent phases of invasion are quite identical. Bacilli have been 
deposited on one of the surfaces (nutritional, drainage, etc.) of organs 
or tissues. The majority do not survive. Some of the survivors pene- 
trate their internal surfaces and enter the parenchyma of organs and the 
cells of tissues instead of subcutaneous and submucous tissues. Again 
■the majority are destroyed. Some of the survivors are retained in situ 
and may or may not provoke lesions. The balance are disseminated. 

Organs particularh^ active in the physical and chemical filtration of 
blood and lymph (lung, liver, kidney, spleen and lymph glands) are 
the more often invaded and more liable to develop lesions. 

Organs inactive in filtration (thyroid, muscle, brain, epiphysis of 
bones and fascia), whether the}' receive more or less blood, are less often 
involved and the less liable to develop lesions. 

Ever}' individual is inr'aded repeatedly, and presumably every organ 
and every tissue is invaded at one time or another. 
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tinned after con^’aIescence to obviate recrudescence or reinfection. Thus 
only will convalescence be hastened, disabilities be minimized and active 
life prolonged. 

Treatment of pulmonary tuberculosis differs from that of other 
forms because of the peculiarities of the structure and functions of the 
lung and of its sensitiveness to alterations in tension. 

Treatment of pulmonary tuberculosis cannot be fully effective unless 
operations (induced paral3'sis of the diaphragm, transfusions of unmodi- 
fied blood and thoracoplasty) are added to other measures (rest, diet, 
fresh air, sunshine, etc.). 

Application of pathology by the administrators of institutions, a 
further understanding of the potentialities and limitations of operation 
by internists and surgeons, and constant cooperation are requisite to 
progressive accomplishments. 

CONCLUSIONS 

Pathologv and e.xperience have defined therapeutic principles and 
indicated their application. 

The incidence of all forms of tuberculosis will be materiall_v reduced 
with reduction of the number of tubercle bacilli in the air and ingesta. 
Until this is accomplished wholesome methods of living, greater care in 
the selection, preparation and service of food, and the avoidance or 
correction of stasis and lesions in the gastro-intestinal tract are the most 
necessary preventive measures. 

No form of tuberculosis can be cured in the sense that all bacilli can 
be removed from the bod\' and reinvasion prevented. 

Recoveries can be promoted for all forms of tuberculosis b\' 
augmenting the natural responses which lead so often to spontaneous 
recoveries. 

In the treatment of pulmonary tuberculosis nonoperative measures 
alone and operative procedures alone cannot augment natural responses 
to their highest level of efficacy. 

Prompt utilization of appropriate combinations of nonoperative and 
operative therapy is requisite to afford each patient the opportunit}’ to 
achieve undelayed recovery. 

Internists and surgeons who attempt to treat patients suffering from 
pulmonar}' tuberculosis are obligated to understand the potentialities 
and limitations of operative and nonoperative measures so that they 
may have the same working knowledge and differ only in the procedures 
they employ. 

A common appreciation of the problems presented by each patient 
should promote study and investigation, prevent not onl,v procrastination 
but also the subjection of patients to needlessly hazardous or crippling 
operations and to futile operations. 



DIRECT DRAINAGE OF TUBERCULOUS PULMONAR\ 

CAVITIES 

HOWARD LILIEXTHAL, V.D. 

Xi:\V YORK 

Until comparatively recent years I had an idea that it would be 
<!angerous, or at least unwise, to open fleliberately a tuberculous cavity 
of the lung, as has been customary in nontuberculous abscesses. 

While inv experience is extremely limited, I am convinced that the 
danger of this procedure is not as serious as I had thought, and that 
great improvement may follow an operation of this kind. I had believed 
that openings into these cavities would never heal, and that the danger 
of hemorrhage was always present. Thus far. however, in three cases 
in my own practice, I have seen no hemorrhage, and the tendency toward 
the formation of a jtermanent fistula seems to have existed in projrortion 
to the degree of collapse of the walls of the cavity. I do not here include 
direct bronchocutaueous stomas. 

The cases in which this mode of surgical therapy should be selected 
are of two varieties; fl) those in which there is a virulent mixed 
infection with the clinical signs of pulmonary abscess, and (2) 
those in which a cavity cannot be collap.sed without great danger to life 
and in which the accompanying sputum is so abundant that it thrcatcn.s 
to spill into the opposite lung and to produce an extension of the disease. 

Regarding the latter class, one mu.st be fairly certain that the cx))cc- 
toration is coming from the cavity. This is not always so, for some 
cavities have a nonsecreting fibrous lining, and the discharge which 
appears as expectoration has its origin in other parts of the lung, often 
from bronchiectatic lesions. 

There are two methods of draining these cavities : first, from the 
lung directly and, second, from the tuberculous cavity into an accom- 
panying empyema, the condition thus being converted into one of pleuro- 
pulmonary fistula. 

KEPORT OF CASES 

Case 1.— Fanny S. was first seen by me five years ago, wlicn she was 37 years 
old. At that time she had been ill for fifteen years with pulmonary tuberculosis. 
Soon after her first visit, a roentgen examination revealed extensive disease of 
the left lung with several cavities containing fluid (fig. 1), one of them as large 
as a small lemon near the hilum of the right lung posteriorly. There was some 
(dtrosis with displacement of the mediastinum toward the more diseased side. 
The left lung was the seat of numerous healed lesions which had become calcified. 
There were no cavities here. Incidentally, she had enteritis, a perforated nasal 
septum following operation and a tuberculous disintegration of the right wrist. 
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The Wassermann test, suggested by Dr. James Alexander Miller on account of 
the perforated septum, proved negative. Dr. Miller agreed that the case vas 
suitable for thoracoplasty. 

Ou Alay 23, 1929, I resected the first five ribs, and three days later 400 cc. 
of whole blood was given (Dr. Nathan Rosenthal). Ten days after the first 
stage, I completed the thoracoplasty, resecting the remaining ribs including the 
tenth. Following this operation expectoration was greatly increased, the hemo- 
globin dropped from 85 to 60 and there was a distinctly septic picture. Roentgen 
examination now indicated that the cavities had been little or not at all influenced 
by an otherwise satisfactory collapse, so that two weelrs later I operated again. 



Fig. 1 (case 1). — Roentgenogram made before operation, showing two pul- 
monary cavities with fluid levels Note the extreme retraction of the mediastinum 
including the trachea; the opposite lung is inactive 

At this time the patient seemed almost moribund. The wound was foul. Appar- 
ently there had been mechanical interference with drainage into the bronchial 
system. It was not necessary to cut ribs; I was able to attack the abscess directly 
through the wound, first passing a needle through e.xtremely tough tissue, follow- 
ing the needle with a grooved director, and then divulsmg w'lfh dissecting scissors. 

The cavity proved to be bilocular (see two le\els in fig. 1) with liquid pus in 
the lower chamber and mucopurulent material in the upper one. Fetor was 
present. The septum between the two chambers was divided throw'ing them into 
one, and the entire cavity was packed with rubber dam. Four hundred cubic 
centimeters of blood was transfused by the citrate method A chill with a tern- 
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perature of 106.4 F. followed, lutt proved evanescent. The following day the 
rubber dam was removed and replaced by a minibcr of small soft tubes. s soon 
as convalescence was established the patient entered Loomis Sanatorium, but was 
obliged to Tctvwn to New York in a few months because the wrist had broken down 
and was discharging tuberculous pus. I performed a typical c.xcision of the 
joint with excellent and apparently permanent functional and cosmetic rcsult.s, 
hut the principal interest centered in the behavior of the pulmonary ctivity. 

At first it acted like a nontuberculous abscess of the lung with profuse anaero- 
bic discharge. Then gradually the odor disappeared, and mucopus, looking much 
like tuberculous sputum, took its place. The cough rapidly diminisbed, and for 
a time completely disappeared. There was a gain of many pounds in weight, 
so that the patient instead of being rather emaciated became actually obese. The 



Fig. 2 (case 1). — Roentgenogram made after several operations (see text). 
The pictures were made with Bucky’s diaphragm. (The scattering of spots is 
due to faulty photographic technic.) 


temperature was never high, but only occasionally reached normal. The cavity 
diminished in size, but refused to collapse completely. I began to think that I 
had reached a final result, when much to my surprise the fistula insisted on closing. 
Unfortunately, however, with this closure there was a recurrence of cough, 
although with little expectoration. About a year passed during which the patient 
felt well, but she was prevented from going about among her friends because of 
constant irritating cough with only a slight amount of sputum. This became so 
annoying that I resolved to make one more attempt to obliterate the tuberculous 
abscess. On March 19 , 1928, with the patient under general anesthesia, I resected 
ribs to the outer side of the abscess and pressed the walls of the cavity together 
by packing a rubber dam between the wall of the chest and the cavity An 
opening of fair size was left at the site of the old fistula, and I hoped that'' com- 
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plete obliteration would follow. The immediate result was excellent, and through- 
out the summer the patient felt well and coughed liardly at all, and I thought 
a final success had been achieved. Then she caught cold, and the accompanying 
cough seemed to force the cavity toward the right side of the chest and seemed 
also to enlarge it by the pneumatic stress of the strain of coughing. The wound, 
which had been entirely cicatrized, reopened, and something more will have to 
be done to recollapse the walls of the cavity. In the meantime there is a slight 
elevation of temperature, usually less than 100 F. maximum, but the cough has 
recurred. This case is recorded, not as an example of cure, but to show a good 
temporary result in a case which seemed hopeless. From past experience with 
this patient, I believe that the problem of final closure is mainly mechanical.' 

Case 2. — G. R. M., a man, aged 37, was referred to me by Dr. Joseph L. 
Spruill of Jamestown, N. C. When he was first seen by me, there was an enor- 



Fig. 3 (case 2). — Roentgenogram made before operation, showing enormous 
left apical cavity. 


mous cavity of the left upper lobe, with tuberculous involvement of the lower 
left side of the chest as well, and an almost normal right lung (fig. 3). After 
several operations, including a complete thoracoplasty, a phrenic neurectomy and 
an apicolysis, the patient continued to cough and to show constitutional signs of 
the disease. I finally succeeded in collapsing the chest, but could not bring the 
walls of tbe large intrapulmonary cavity together. The best I could do is ind'" 
cated in figure 4. Occasionally, roentgenograms showed a collection of fluid in 
this cavity, but as a rule it was apparently empty. In October, 1928, Dr. Amber- 
son saw the patient with me; he said that he believed that the cavity was ernpt>- 
ing into the lower part of the left lung and in this roundabout way was giving 
rise to the profuse e.xpectoration. There was considerable cardiac deviation, 


1. I expect to attempt closure bj' muscle flap implantation after a recent 
method devised by Pool and Garlock, soon to be published. 
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which perhaps accounted for much of the discomfort from^ which the patidU 
suffered Dr. Amberson strongly advised drainage of the cavity. The following 

day this was done, the patient receiving general anesthesia. It was necessary 

to incise the edge of the pectoral muscle near the middle of the scar following 

his apicoiysis; tlie tissues were extremely lough, so that it was difficult to expose 

the walls of the cavity itself. This was eventually done, however, and a free 
opening was made, a number of necrotic plugs being wiped away with a sponge. 
When the cavity was opened, there was a sound of air rushing in or out, but 
after that no sounds indicating a connection with a large bronchus were heard, 
nor was there any bleeding at the patient's mouth. The finger exploring the 



Pig. d (case 2). — Roentgenogram made after several procedures, including 
avulsion of the phrenic nerve. The cavity has been finally incised for drainage. 

mesial wall of the cavity was so close to the aortic arch that no intervening tissues 
could be clearly appreciated. A large opening was made from the top to the 
bottom of this cavity. A roentgenogram made with the cavity packed with 
iodized od gauze demonstrated that the gauze was actually within the lung. The 
discharge was fairly free, but was not copious. There ivas gradual improvement, 
and the patient went to his home. Later cough and expectoration almost or quite 
disappeared. Then he “caught cold,” and the discharge both by mouth and through 
the wound increased. 

One of the important and interesting points in this case is that in 
spite of my harung widely opened this large tuberculous cavity, it was 
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impossible to maintain a free opening, and now the fistula is represented 
by a tiny, only slightly discharging aperture. The patient is at present 
at Loomis Sanatorium, where he continues to improve. The right lung 
has not changed since I first saw him and is in good condition. 

The next case is of great interest because I believe that the procedure 
employed is one which should be followed in many cases of tuberculous 
empj-ema without pleuropulmonary fistula, and in which thoracotomy 
does not check the cough with its copious expectoration. 

As I have suggested, it is generally conceded that profuse discharge 
through the upper air passages tejids to implant the disease in the oriier 
lung. I am well aware that many cases can be cited in which prolonged 
expectoration of this kind has not been followed b}' contralateral exten- 
sion, but these are not the ones which should guide one in treatment. It 
is the unfortunate spreading of the disease which therap)^ should prevent. 

It seems to me that in deciding on operative treatment, one should 
consider the possibilities of a fatal issue if nothing is done rather than 
the mere cure of a condition which does not directly threaten life. 

As an example, take chronic abscess of the lung. A surgical pro- 
cedure looks dangerous because the disease may not be at once menacing, 
but when there are massive hemoptyses or a sudden extension of pul- 
monary gangrene it may be too late for surgical assistance. It is to 
prevent such possibilities that operation is advised rather than merely to 
check the anno3'ance of cough and expectoration. This principle is a 
general one and is by no means confined to thoracic surgery. 

A method for dealing with open pj'opneumothorax with profuse 
expectoration from the diseased side was suggested in this case by Dr. 
J. Burns Amberson, Jr., and I cannot do better than present a brief 
resume. 

Case 3. — AI. C., a man in the forties, who had been ill for many years with 
bilateral pulmonary tuberculosis, presented dense infiltration with cavitation in 
the entire right upper lobe with less marked infiltration below. There was infil- 
tration just outside the hilum of the left lung as well. The right side of the 
chest was treated by artificial pneumothorax, and while this was efficient below, 
the adhesions about the upper lobe were so dense that the capacity of the cavities 
was not influenced by the pneumatic pressure. The left lung meanwhile became 
■'dependably quiescent.” Fluid developed in the right side of the chest, and could 
not be eliminated in spite of aspiration and the injection of disinfectants. 

Paravertebral thoracoplasty was performed with only partial success, the pleura 
being extremel}' dense and tough, so that full collapse was impeded. 

Anterior rib resections were also performed, but with little effect. Then I 
attempted to compress the upper lobe by apicoylsis, and during the operation 
entered the pleura, which contained a large quantity of sanguinolent fluid. This, 
naturally, became infected, and a low thoracotomy for drainage had to be 
performed. 

After every procedure the patient had a severe reaction, so that in spite of 
the large number of operations I approached each one with trepidation. Finallj, 
although drainage from the thoracic fistula was free, the patient e.xpectorated 
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more than 6 ounces a day from the cavities in the upper lobe. There was gradna! 
decline, and I grcatlv feared that the left lung would become seriously involved 
and that he would die. It was then that Dr. Ainberson saw him and made the 
suggestion that I sliould freely enter and e.xpose the pleural cavity and deliberately 
open the lung so that the patient would e-epcctoratc into his pleura instead of 
through his mouth. 

This procedure was undertaken on Jan. 5, 1928. Nitrous o-xide and oxygen 
were administered by Dr. Branower. The operation proved more difficult, tech- 
nically, than I had e.xpected. I incised through the old posterior scar and exposed 
the ribs, which had become united by bony bridges of such ivory hardness that 
1 had to use the chisel and mallet for most of the thoracoplasfic work. Si.v ribs 
were thus divided as close as possible to the spine as well as in front of the 
cicatrix, and this entire part of the cuirass, consisting of six ribs united by bone, 
was removed in one piece. The pleural cavity was thus entered and a rib spreader 
applied. The exposure was perfect. The lung below the apex was found com- 
pressed into the spinal gutter by a leathcr-like investing membrane. 

The adhesions of the upper portion of the upper lobe had to he severed from 
the wall of the chest with a heavy knife before the lung cotiUI be freed further 
with the fingers. I succeeded in peeling it entirely away from the dome of (he 
pleura, and then attempted to locate the cavity from which the sputum was sup- 
posed to have come. There was no appreciable cavity, however, and I feared that 
I might be in danger of entering the trachea at this level. I decorticated this part 
of the lung of its Icatliery pleura ; there was immediate collapse of the pulmonary 
tissue, which seemed to become a carnified contractetl mass, and which at once 
moved down into the spinal gutter. This lung did not move on expiration nor 
expand with iiitrapharyngeal air pressure. I freely incised it, and small quantities 
of pus escaped. I then closed the wound in the chest with chroniicizcd catgut 
sutures, leaving the skin open, however, and also leaving a space for packing so 
as to hold the lung against the rigid mediastinum. For the packing I used rubber 
dam and gauze. I then closed the skin with .silkwormgut sutures in mattress 
fashion. 

Transfusion with 800 cc. of citrated blood was then performed. 

Following this operation there was, as might have been expected, considerable 
reaction, but the cough was greatly diminished, and there was almost no expec- 
toration. 

In this case one sees an enormous wound, e.xtending directly into thickened 
pleura, tuberculous for many years. Healing was necessarily slow, and it was not 
until nearly three months later that the patient was well enough to be transferred 
back to Loomis Sanatorium. Under a careful hygienic regimen, including forced 
feeding, there was continued improvement, so that in the following autumn he 
returned to his home in Cuba. He has progressed satisfactorily ever since. The 
little sputum which he continues to expectorate has been reported negative by 
two laboratorip in Havana. This, of course, is not to be taken as a sign of cure; 
it merely signifies that the disease is less active than it was. 

The patient is up and about, although there are two small drainage fistulas : 
one m the lower part of the chest, and the other, a small, slightly discharging 
sinus, in the axillary region. 

I report this case because I am convinced that the method should be 
employed more frequently when there is a closed pulmonary cavity 
discharging infected sputum by mouth and when there is an open tuber- 
culous empyema. 
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SUMMARY 

1. Two cases are reported in which improvement followed direct 
drainage of a tuberculous pulmonary cavity through the wall of the chest. 

2. One case is reported in which an apical cavity discharging 
copiously hy mouth was drained into an open pleural tuberculous 
empyema. 

CONCLUSIONS 

1. Improvement has followed the surgical drainage of tuberculous 
pulmonary cavities whether directly through the wall of the chest or into 
an open empyema. 

2. The dangers of contralateral infection by implantation are dimin- 
ished by the drainage of copiously secreting pulmonary cavities. 

3. There is a strong tendency toward spontaneous healing of surgical 
openings into tuberculous cavities in the lung. 



PHRENICECTOMY IN THREE HUNDRED CASES 
OF PULMONARY TUBERCULOSIS 


E. S. WELLES. M.D. 

SARANAC LAKU, N. Y. 

It is not my purpose to go into the history of the surgery of the 
phrenic nerve, nor to review the literature on phrenic cxeicsis in 
the treatment of pulmonar}'^ tuberculosis. I desire merely to report the 
results in a series of 300 such operations, done on all types of tubercu- 
lous patients, and to determine what conclusions can be drawn as to the 
value of the procedure. 

The operation is simple, involving division or crushing of the phrenic 
nerve in the neck in order to produce permanent or temporary paralysis 
of the diaphragm on one side. It is done under local anesthesia through 
an incision about an inch long placed accurately in one of tire transverse 
folds of skin about an inch above the clavicle and with its center over 
the anterior scalene muscle which lies beneath the outer border of the 
sternomastoid. This incision gives a much less consjticuous scar than 
the vertical one, and in my e.xperience, affords a more satisfactory 
approach to the nerve than the low one practically on the clavicle. If a 
temporary result is desired, the nerve is simply crushed with hemostatic 
forceps for about a fourth of an inch as it crosses the scalene muscle. 
If the accessory branch can be found, this is also crushed. Paralysis 
is obtained promptly, but function returns in from five to six months. 
To secure a permanent result, the nerve is divided, the lower end seized 
with forceps and by steadily pulling and twisting, several inches of 
nerve are evulsed. Often the whole nerve comes out, but a permanent 
result is obtained if only sufficient length is removed to assure breaking 
of the accessory attachment. This method of exeresis has always 
impressed me as being much simpler than the operation of Goetze, which 
involves the isolation and section of the accessory nerve. 

Following operation, the hemidiaphragm rises about 2 inches (5.08 
cm.) above its normal position and either remains stationary or has a 
slight paradoxic motion during respiration. 

As to indications for the operation, my ideas have changed consid- 
erably with experience. At first it seemed natural to suppose that the 
procedure was best suited to basal lesions of the lung, and in Saranac 
Lake the first phrenicectomies were done in cases of this type. Gradu- 
ally, and more or less experimentally, the operation was done in cases 
of upper lobe or apical lesions, and m}' co-workers and I were rather 
surprised to find it giving good results more often than in the cases in 
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which the lesions were in the lower lobe of the lung. The operation 
is now employed in all types of lesions. Naturally, it is used chietiy in 
unilateral cases, without regard to the lobe involved. 

O Brien ^ of Detroit has given a list of indications which agrees 
essentially with ours : namely, cases in which the patients are not doing 
well under ordinary rest treatment, but which are not considered suffi- 
ciently advanced for the use of artificial pneumothorax ; cases in which 
pneumothorax has been attempted and found impossible on account of 
pleural adhesions ; cases in which cavitation has occurred but in which 
thoracoplasty is not yet indicated ; cases in which thoracoplasty is to be 
done and phrenicectomy is to be used as a preparatory measure; and 



Fig 1 — The roentgenogram on the left shows a large apical cavity before 
phrenicectomy, on the right, the same case after phrenicectomy with the cavity 
nearly closed • 


finally, those cases in which the patients obviously need thoracoplasty but 
are poor risks, yet in whom we hope to get sufficient improvement fol- 
lowing the operation on the nerve to prolong life, or ease symptoms, such 
as persistent tiring cough, with the possibilit}' in mind that the more 
radical procedure may be attempted later. 

The statistical results of the present series are as follows: Three 
hundred operations on the phrenic nerve are included in the study. As it 
was desired to determine the results of phrenicotomy only, twenty-three 
of the cases in which thoracoplasty had been performed subsequently 

1 O’Brien, E J ; Surgery of the Phrenic Nerve and Intrapleural Pneumol- 
ysis, J A. i\r A. 92:463 (Feb 9) 1929. 
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were left out of further consideration. Six of the patients have not 
been traced ; so the total number on whom results have been checked is 
271. Of these, 173, or 64 per cent, were improved by the operation, 
and 98, or 36 per cent, were not benefited. 

The cases listed as improved vary from those in which the patient 
merely had some slight symptomatic imjrrovement such as a decrease in 
cough or expectoration, or a lowering of temperature, to those who have 
been greatly benefited, with marked changes in the roentgen observa- 
tions, diminution or actual obliteration of cavities, and complete disap- 
pearance of all symptoms. The list of failures includes a considerable 
number of hopeless cases in which the operation was done with faint 



Fig. 2. — The roentgenogram on the left shows a multilocular cavitj' in the 
upper lobe of the left lung before phrcniccctomj' ; on the right, the same case after 
phrenicectomy with the cavity closed. 


hope of securing a good result. If these were deducted from the list 
of failures, the number of good results would be well over two thirds 
of the total. 

In 1927, an anai3fsis of our first hundred cases was made in the hope 
of finding a way to predict the result in any individual case from a pre- 
vious examination of the clinical signs and the x-ray pictures. The 
present analysis of 300 operations is a continuation of the same study. 
We had hoped by this time to be able to give a fairly accurate prognosis 
and to be able to sa}^ with some assurance that the operation will help 
one patient and that it will not help another. In this hope we have been 
disappointed. In one case the operation will be promptly followed by 
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a contraction or complete disappearance of a good-sized apical cavity, 
with corresponding lowering of temperature, reduction of cough and 
expectoration and general improvement. We have had many cases like 
this ; patients who have been steadily growing worse and whose cavities 
have been gradually enlarging in each succeeding x-ray picture up to 
the time of phrenicecton:y, and who have thereafter gone on rapidly to 
a practical clinical cure. We operate on other patients with the same 
type of lesion, the same clinical progress and the same x-ray picture and 
get no improvement. 

We do feel, however, that we can offer the operation to the patient 
with a reasonable assurance that it will do no harm, even if it fails to 
give any decided benefit. In 300 cases, we have had only five patients 
or less than 2 per cent, who have been made actually worse. Four of 
these five had basal cavities, and whether the rising diaphragm inter- 
fered with drainage or had some other effect, we do not know. 

Few patients have any annoying dyspnea after the operation. In the 
few who do, it is usually of short duration. In a small number the rise 
of the diaphragm has been followed by digestive upsets, but the majority 
of these have been temporary. They have been no more common fol- 
lowing left than right phrenicectomies. A small number have had a 
persistent tachycardia following operation — a rise in pulse rate from 
10 to 20 beats per minute. This phenomenon I have been unable to 
explain, as the vagus nerve is never touched. 

Only one accident has happened in the whole series of cases. In 
one of the early operations performed on the left side, the thoracic duct 
was cut completely across. For twenty-four hours there was a profuse 
flow of milk}' fluid from the wound, but a simple gauze packing stopped 
it, and there was no after-effect pointing to a loss of chyle from the 
blood stream. There has been no case of serious hemorrhage during the 
operation. 

One interesting case involving bilateral phrenicectomy is included in 
the series. The patient was a man, aged 67, who came to Saranac Lake 
with a far advanced pulmonary tuberculosis of the left lung, chronic 
myocarditis and dyspnea. He had been hiccuping for long periods at 
a time for the preceding three months. A left phrenic exeresis was 
done in the hope of checking the hiccup. He had relief for twenty-four 
hours and then began again. One week later he called me in and asked 
me to cut the nerve on the other side. I explained the seriousness of 
the procedure and warned him that it might be fatal. He insisted, 
however, arguing that he was sure to die soon from e.xhaustion if the 
hiccups were allowed to continue. I consented and with considerable 
trepidation e.xposed the right phrenic nerve and crushed it. There was 
no increase in dyspnea and the hiccups ceased, only to begin again the 
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following day. I had made no attempt to crush or sever the accessory 
phrenic nerve on the right. The patient then ordered me to make a 
complete section. I operated once more six days after the crushing 
and did a radical exeresis on the right. Again there was no change m 
the breathing and the hiccups stopped permanently. The man lived for 
two weeks, and then his heart finally gave out. Both the persistence of 
the hiccup after exeresis on one side and crushing on the other, and the 
absence of increased dyspnea after complete paralysis of both dia- 
phragms were interesting. 

A number of experiments have been carried out in the use of 
phrenicectomy as an accessory to artificial pneumothorax. Several 



Fig. 3.— The roentgenogram on the left shows bilateral apical cavities; on the 
right, the same case after left phrenicectomy with the left cavity completely gone 
and the right cavitj' greatly reduced in size. 


years ago Alexander expressed the opinion, based at the time on theoret- 
ical reasoning, that diaphragmatic paralysis would be of distinct advan- 
tage in nearly every case of pneumothorax. He thought that it would 
lengthen the time between refills, decrease the chances of fluid, and by 
diminishing the thoracic volume, make it easier for the reexpanding lung 
to fill the chest completely when the pneumothorax was finally disconti- 
nued. In the main, our experiences in this line have been unsatisfactory, 
although it must he admitted that the number of cases of pneumo- 
fliorax in this series is relative!}' small. I have seen one striking case 
illustrating Alexander's first point. A man who had a satisfactory 
collapse but who had to have gas promptly every nine days, was able 
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to go comfortably for three weeks or more between refills after phreni- 
cotomy. In most of our other cases, however, there has been no beneficial 
result, even when there has been an adhesion from the lower lobe to 
the diaphragm which seemed to be interfering with satisfactory collapse. 
As a rule, the rise of the diaphragm in these cases is slight or absent. 
Whether there is any lessened tendency to fluid, I do not know. 

Although I believe that the cessation of motion in the diaphragm is 
a more important factor than its actual rise into the chest in bringing 
about a good result, I do not believe that lack of motion before operation 
as observed by the fluoroscope is a contraindication to phrenicectoiny. 
The clinical results are satisfactor}' in many cases of this type. 

In six of twenty cases in whicli the nerve was crushed the patients 
were subsequently reoperated on and the nerve was extracted. These 
patients showed definite improvement for about five months and then 
began to relapse. In no case was there an}' difficulty about finding the 
nerve at the second operation. 

I believe fully in tbe use of the operation as an accessory to thoraco- 
plasty. It gives a better collapse and often does away with the necessity 
of removing the tenth rib. 

CONCLUSIONS 

Parah'zing the hemidia]5hragni b}' evulsing or crushing the phrenic 
nerve is a simple procedure which is of distinct value in a wide variety 
of cases of pulmonary tuberculosis. Its value is fully as great in cases 
of apical lesions as in those in the lower lobe of the lung. 

The operation gave beneficial results in approximate!}' two thirds 
of a series of 271 cases. 

Less than 2 per cent of the patients seemed actually made worse, so 
that it is reasonably safe to assure them that no harm will come of the 
operation even if it fails to do good. 



THE ELECTROSURGICAL METHOD OF CLOSED 
INTRAPLEURAL PNEUMOLYSIS IN ARTI- 
FICIAL PNEUMOTHORAX * 


RALPH C. MATSON, M.D. 

PORTLAND, ORE. 


It is generally admitted that artificial pneumothorax is not only the 
most widely applicable method of collapsing the lung in the treatment 
of pulmonar}’ tuberculosis but also the most valuable. Unfortunatelj', 
pleuritic adhesions are almost invariably present in cases in which the 
patients require pneumothorax treatment and constitute the greatest 
obstacle to a satisfactory end-result. 

As a result of experience in the treatment of approximate!}' 1,400 
patients with pulmonar}- tuberculosis with artificial pneumothorax 
during the past eighteen )-ears, my co-workers and I are convinced of 
the importance of establishing a type of pneumothorax which within 
a few months will give the diseased lung sufficient functional rest, 
collapse or compression to render it no longer a source of tuberculo- 
toxemia or tubercle bacilli-laden sputum. 

The importance of a satisfactory collapse of the lung is strikingly 
shown in the accompanying table. A careful review' of the clinical 
records and stereoroentgenograms in 245 cases in this series reveals 
that the primary cause of failure of treatment rvith pneumothorax in 
40 per cent of the cases w'as the presence of adhesions, which pre- 
vented a satisfactory collapse of the lung. In most of these cases, a 
temporary improvement follow'ed pneumothorax treatment in spite 
of insufficient collapse of the' lung. Consequently, the treatment was 
continued sometimes for prolonged periods, in the hope of stretching 
the offending adhesions and securiirg a good collapse of the lung. 
Sooner or later, however, either extension of disease took place to 
the opposite lung, intestines or throat, or some complication as empyema, 
spontaneous pneumothorax or obliterating pneumothorax occurred, 
compelling discontinuation of pneumothorax treatment. Unfortunately, 
the cases w’ere then too far advanced to utilize other methods for 
collapse of the lung. 

While adhesions are present in the majorit}' of patients selected 
for pneumothorax treatment, according to our experience, a satis- 
factory pneumothorax can be established in 40 per cent of the cases. 


w., Department of Thoracic Surgery, Portland Open Air Sanatorium 

SchoJ^'^’ Department of Medicine, University of Oregon Medical 
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In a similar percentage (40 per cent), however, the character of adhe- 
sions will prevent the necessary collapse or compression of the lung 
to provide adequate functional rest or closure of cavities; and in the 
remaining 20 per cent, pleuritic adhesions will prevent any introduction 
of gas. Thus, pneumothorax treatment will prove efficient in con- 
siderably less than half the cases wherein it is indicated. 

The phthisiotherapeutist recognizes the value of thoracic surgerj. 
In those cases wherein no gas can be introduced, he now more often 
takes advantage of the surgeon’s ability to bring about collapse of the 
lung by a phrenic neurectomy or thoracoplasty instead of subjecting 
the patient to prolonged and unsatisfactory sanatorium care. How- 
ever, the fate of cases presenting pleuritic adhesions, which prevent 
efficient collapse of the lung, leaves much to be desired. 

The usual procedure in cases of this type is to keep up the pneumo- 
thorax frequentl}’, month in and out, and sometimes even year in and 

Cowpaiafwc Value of Ai tificial Pneumothotav in Cases in Which Adhesions Did 
Not Pi event Adequate Functional Rest and Closure of Cavities, and Those 
ill Which Adhesions Did Prevent Sufficient Collapse of the Lung to 
Close Cavities or Give the Necessaiy Functional Rest 


Ob«cn’ntions on 8S0 Coses J.m 

1, 1911 to .4ug 1, 

1025 



Clinicnll.v 


Dead, 


Well, 

-irrested 

Cliaractor of PneuinotlioroN 

Per Cent 

Per Cent 

Per Cent 

SntisJaetory coIKopse, adhesions not preventing closure of 


21 

cavjtcs or adequate rest of the lung 

4S 

‘20 

Partial collapse, adhesions pre%enting satisfactory 

closure 


50 

of caMties or adequate rest of the lung 

13 

13 


out, especially if there has been some reduction in the quantity of the 
twent)'-four hour sputum or its germ content, or if the patient has 
made some clinical improvement in spite of roentgenograms showing 
definitely that adhesions are preventing a satisfactory collapse of the 
lung. Admittedly, a small percentage of the patients in such cases 
recover, but the vast majority do not. The greatest indictment against 
the phthisiotherapeutist todajq aside from not using collapse therapy 
as a whole to the extent it is indicated, is the continuation of a useless 
pneumothorax for prolonged periods, denying the patient the advan- 
tages of other recognized operative procedures. 

Opinion will differ, of course, as to what constitutes a satisfactory 
pneumothorax. However, it is not to be decided only by the degree 
of collapse or compression shown in the roentgenogram, nor by the 
mere presence or apparent absence of adhesions per se In one case, 
there may be only a thin layer of gas between the lung and the chest 
wall and the pneumothorax may be satisfactory, while in another case, 
there may be an enormous pneumothorax with displacement of the 
mediastinum, heart and diaphragm and with little lung tissue visible; 
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and yet, because of an uncollapsed cavity held open by adhesions, the 
patient may continue to expectorate sputum containing tubercle bacilli. 
It is a common observation of every phthisiotherapeutist that a single 
string or slender band adhesion extending from the partially collapsed 
lung to the thoracic wall frequently holds open a cavity and renders 
pneumothorax treatment a failure. 

As a result of our experience, we have become convinced that 
pneumothorax will not give a satisfactory end-result if, after several 
months’ trial, stereoscopic films reveal the presence of adhesions, the 
nature of which is preventing sufficient collapse of the lung or com- 
pression to bring about a satisfactory reduction in the amount and 
bacilli content of sputum from the diseased lung. 

Careful roentgenologic study of adhesions in pneumothorax will 
show that they are more often distributed over the more diseased parts 
of the lung, being found almost invariably over superficial cavities. 
Consequently, the very part of the lung which is in greatest need of 
collapse is the least likely to receive it in an adequate measure. 

Early in our experience with pneumothorax, we recognized the 
necessity of a satisfactory pneumothorax, but considered open opera- 
tions or closed operations with the original Jacobaeus instruments too 
dangerous. We advocated instead that the adhesions be stretched by 
increasing the intrapleural pressure in order to secure a good collapse. 
Study of our end-results shows that this method was unsatisfactory, 
because not only did we seldom get a good collapse, but spontaneous 
pneumothorax was 40 per cent more common in cases in which we 
had resorted to the stretching of adhesions. The marked increase in 
spontaneous pneumothorax was undoubtedly due to tearing of the 
parenchyma of the lung or liberation of tuberculous foci from torn 
adhesions. 

Four years ago, after Unverricht had developed his new thoraco- 
scope, we again adopted the method of closed pneumolysis in all 
suitable cases. The general impression among phthisiotherapeutists 
and surgeons is that few cases are suitable for the operation. In 
studying the clinical records of stereoscopic films in ninety-one cases 
in a former series of patients now dead in whom adhesions prevented 
closure of cavities, we found that 40 per cent were suitable for pneumol- 
ysis early in their pneumothorax career; had they been operated on 
instead of being subjected to prolonged pneumothorax treatment, 
probably 50 per cent would be alive and well. 

The value of the closed method of pneumolysis seems, by many, to 
be the least appreciated of any of the methods for collapse of the lung. 
This procedure is neglected for two reasons : The phthisiotherapeutist 
generally lacks the necessary surgical training and judgment, while 
he surgeon frequently lacks clinical experience in tuberculosis and 
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knowledge of pneumothorax as a background. Both are unwilling to 
spend the necessary time to perfect the technic. Thus, the surgeon 
favors the open method of pneumolysis, or thoracoplasty, while the 
phthisiotherapeutist clings to his partial pneumothorax. Both fail to 
appreciate the improvement in the technic of cutting adhesions, and 
many still retain the impression that it is dangerous. 

These dangers are largely technical. Formerly, one worked pretty 
much in the dark with poor instruments and equipment. We, ourselves, 
went through this period and gave up the method, as we considered it 
dangerous and of little utilit}'. Toda}’, however, we have improved 
instruments and a more refined technic, and while the operation may be 
technically difficult, it is at least not dangerous when properly done. 

ff collapse therap}' is indicated, it is our policy to try artificial 
pneumothorax. If a satisfactoiy collapse of the lung is not obtained 
within a few months, and it is shown on serial stereoscopic films that 
adhesions are preventing a satisfactor)' collapse, we consider a pneu- 
molysis at once. 

During the past four years, the patients in 45 per cent of our cases 
in which there was unsatisfactor;' collapse have proi'ed suitable for the 
operation. If not suitable, we consider other methods of collapse instead 
of continuing a comparatively useless pneumothorax. 

The technic, indications and contraindications for intrapleural 
pneumolysis, as well as the selection of cases and end-results, have been 
covered in a previous contribution.^ It was pointed out in a former 
communication that the cauterization of adhesions by the galvanocaiitery 
is objectionable because of the heat, smoke, pain and reaction to opera- 
tion. Perhaps its greatest shortcoming is the character of the cutting 
produced because tissue is destroyed for a short distance around the 
cautery. Thus, blood vessels are severed without any previous oblitera- 
tion, and unless a dull red heat is used, undue bleeding may occur. In 
addition to these reactions, if too much heat is used, there is also the 
danger of tissue necrosis occurring, which may involve the parenchyma 
of the lung, tuberculous cavities or tuberculous foci, thus liberating 
infection, or the necrosis may invade blood vessels and cause serious 
secondary hemorrhage. Furthermore, while the time required for the 
cautery to heat and cool after the current is thrown on or off is short, it 
nevertheless has its disadvantage, as occasional!}’ a moment’s delay, 
rendering the cutting instrument active or inactive, may result in serious 
consequences. Moreover, the shaft of the cautery sometimes becomes 
extremelj^ hot and may cause a sloughing at the point where it passes 
through the thoracic ■wall. The hot cautery shaft ma}' also damage lung 

1. Matson, R. C. : Cauterization of Adhesions in Artificial Pneumothora'^ h} 
the Jacobaeus-Unverricht Bfethod of Closed Pneumolysis, Am. Rev. Tuberc. t9; 
233 (March) 1929. 
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tissue or the pericardium on which it may rest, during operation, unob- 
served by the operator who is giving his attention to the cutting alone. 

All of these difficulties and dangers were serious, objectionable 
features which prevented successful results in many instances. 

The successful utilization of electrosurgical methods in operations 
on the brain and in treatment for cancer stimulated much experimenta- 
tion on our part to apply these methods to intrathoracic surgery, in an 
effort to lessen the difficulties and reduce the hazards incident to the 
use of the galvanocautery. We applied the electrothermic principle for 
the severing of adhesions, and as a result of its advantages over the 
galvanocautery, we are utilizing electrocoagulation and cutting in all 
cases presenting the difficuties that we have outlined. 

During the utilization of this new principle over a period of the past 
two years, we have repeatedly performed operations by this method 
which WDuid not have been attempted with the gaWanoeantery, and the 
comparative safety of the method over the galvanocautery procedure, 
with the results obtained, have created a strong conviction that the 
electrocoagulation and cutting will replace the galvanocautery. The appli- 
cation of the method intrathoracically, however, involves difficulty of 
control of bleeding not present in any open operation. Wdiile hemostasis 
ill an open operation can be obtained by well known and easily applied 
surgical methods, it is obvious that these same procedures cannot be 
applied in such operations as the closed pneumolysis. 

Aside from the anatomic relationship of large blood vessels and 
important nerve trunks to pleural adhesions or to the pericardium, it is 
of vital importance to know whether the adhesion to be cut contains blood 
vessels, compressed lung tissue, diseased foci or the prolongation of a 
cavitjc Cutting into the prolongation of a cavity or compressed lung 
tissue is avoidable. Cutting into tuberculous foci in adhesions can be 
efficiently dealt with; but hemorrhage is one complication not ahva3's 
avoidable, and if it is at all profuse, it is a most unpleasant experience 
for the operator. 

It is my prime purpose in this paper to discuss the utilization of 
electrosiirgery for cutting adhesions in artificial pneumothorax by the 
closed method under thoracoscopic control, with especial reference to 
control of bleeding. 

It is to be hoped that this paper will not encourage those without 
experience in this new branch of surgery to undertake too difficult opera- 
tions at first, as the operation might result in failure and thus bring 
about unjust criticism of an otherwise valuable procedure. One soine- 
times hesitates, therefore, to describe a new technic, as it may make 
ine.xperienced operators too venturesome. 

The usual source of bleeding during the process of cutting adhesions 
IS from lilood vessels collateral from the intercostals. One meets with 
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two types of vessels ; those situated subpleurally, which can usually be 
detected by thoracoscopic examination and easily controlled, and those 
situated in the interior of adhesions, from which profuse bleeding occurs 
at times. In the case of the former, bleeding may be easily controlled 
by electrocoagulation ; or, if the galvanocautery is used, before the blood 
vessels are cut they may be thrombosed by the application of the flat 
surface of the cautery. Dangerous bleeding, however, comes from blood 
vessels situated in the interior of adhesions, particularly in those which 
are dense and well organized. This dense type of adhesion is found in 
cases in which the patients have been subjected to prolonged and some- 
times even short periods of pneumothorax treatment, particularly if the 
patient is of a fibroplastic constitution with a tendency for productive 
changes to take place in the tissues following pneumothorax treatment. 

The latter ty’pe of vascular adliesion is more often found in the 
costovertebral gutter, at the apex of the lung and anteriorly near the 
costochondral junction. Densely organized adhesions in these areas 
should be approached cautiously because blood vessels of considerable 
size may be situated in their interior, the presence of which is not 
always possible of determination until they have been cut into. 

Bleeding occurring during the cutting of cord and band adhesions, if 
the adhesions are not densely organized, usually stops after the adhesion 
has been cut through and the stump contracts. In well organized tissue, 
however, little retraction takes place, and bleeding may be a source of 
considerable anxiety to the surgeon. Therefore, it is obvious that the 
ideal method of severing adhesions must provide efficient hemostasis. 

The objections to the galvanocautery in connection with hemostasis 
have already been pointed out. A detailed description of the physical 
characteristics of currents employed in electrosurgery will not be dis- 
cussed. However, an understanding of the effects of the high frequency 
currents emploj'ed in the electrothermic method of cutting adhesions is 
necessary to apply this new procedure intelligently. 

Briefly, the cutting effected by the electrothermic method is not a true 
cutting but a molecular disintegration of the tissues produced by a high 
frequency undamped current, an arc being formed at the point of contact 
between the tip of the electrode and the tissue. 

It has been found that the form of high frequency electric current 
which results in the best cutting of tissue with least charring is that 
generated by the utilization of thermeonic tubes used in radio broadcast- 
ing, which give sustained oscillations of uniform amplitude at a rate of 
600,000 per second. Even with an apparatus generating this form of 
current, it will show an impairment in cutting if the rate of oscillations 
is considerably increased or decreased. Based on this rate of oscillation, 
the theory is advanced that the cleavage of the tissue is accomplished not 
by mechanically cutting or by cauterization, but by a cellular disruption 
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resulting from the reaction of the cells to a sustained -vibration tians- 
mitted at their own inherent vibration rate. The little sparking and 
resultant film of coagulation is secondar}' and subsequent to the cleavage 
of the tissue. Thus, two separate and distinct functions may be observed. 
One is the transmission by the operating electrode of the oscillations to 
cause cleavage, and the other is the slight sparking as the needle breaks 
contact with the parted tissue. If properly adjusted and handled, this 
results in a slight film or coagulation sufficient to check capillary bleeding 
but not sufficient to cause sloughing or charring with the danger of 
subsequent hemorrhage. 

The ideal current for cutting, therefore, is recognized as that having 
a uniform sustained amplitude of 600,000 oscillations per second. 

On the other hand, the best form of high frequency electric current 
for the generation of heat as used in coagulation is that having a damped 
oscillation of a long decrement. This current is generated from suitable 
apparatus containing spark gaps, condensers, etc. An apparatus properly 
designed delivering currents having long decrements will result in a 
clean blanching and dehydratmg of the tissue when properly applied for 
coagulation, but apparatus of improper design may have a short decre- 
ment of the oscillating currents which will result in a brown or black 
burning of the tissue when applied for coagulation. The rate of oscilla- 
tions of this form of current is usuallj^ about 1,250,000, but the rate of 
oscillation is not so important as the form of the trains or the decrement. 

Two distinctly opposite forms of current are utilized in electro- 
surgery: One is ideal for cutting and the other for coagulating. To get 
the best results, it is essential to employ apparatus furnishing these two 
forms of current obtainable at the will of the operator and in the strength 
suited to the work. There are devices which will deliver cutting charac- 
teristics from a generator by means of a spark gap. This current, how- 
ever, is a compromise between the two ideal currents and consists usually 
of a damped oscillation having short decrement and having the trains of 
oscillation crowded together. The peaks of the resultant current may 
simulate the oscillations of the undamped oscillations, but there are 
present the superimposed short oscillations which tend to cause undue 
heating when used for cutting. Similarly, this form of current even 
when differently adjusted is far from the ideal for coagulating. In 
practice, apparatus delivering the latter form of current is likely to be 
somewhat erratic and require adjustment from time to time in the course 
of operation. In other words, there is no assurance that it will respond 
to the requirements of the moment. In important surgical work, when 
hesitation, delay or trial cannot be tolerated, obviously nothing but the 
ideal currents for cutting and coagulation should be employed. 

In our work, ive have utilized the Wappler Wyeth Endotherm with 
special instruments which I have designed for intrathoracic use (fig. 1 ). 



1182 


ARCHIVES OP SURGERY 


In the use of the coagulating current, a blunt electrode held in contact 
with the tissue and a small amount of current turned on will result, 
within a few seconds, in a blanching, dehydrating or coagulation in a 
circle around the blunt point. This will expand until the process near 
the point is carried to the degree of burning which would be manifested 
in a little sparking and by the formation of carbon. Obviously, it is 
desirable to stop before that state has arrived. On cutting through tlie 
center of this coagulated area with the operating electrode, it will he 
found that the depth of the coagulation is about equal to the radius. 
Thus, in using the blunt electrode, the area of the visible destruction 
may be used as a gage of its depth. Coagulation may be employed for 
hemostasis, if necessary, by damping the tissue or vessel with the intra- 
thoracic hemostat and switching on the coagulating current. 



Fig. 1. — Author’s instruments for the electrosurgical method of cutting 
adhesions ; a, cutting electrode ; !>, pointed electrode for electrocoagulation ; c and 
rf, blunt electrodes for electrocoagulation; c, intrathoracic hemostat; /, trocar, 
and ff, flexible cannula. 

In the use of the cutting currents, considerable practice, first on meat 
and later on live animals should be exercised before an attempt is made 
to use them on the human body. In practice, it is best not to apply to the 
tissue to be cut more than a short portion of the operating electrode, the 
tip or only a few millimeters of the edge. If a larger portion is used, it 
will impair the cutting quality. Neither pressure nor traction should he 
used; in fact, this is objectionable. The operating electrode should be 
merelv touched against the tissue, preferably at the point, and the action 
is that of following through the cleavage thus made. A little practice is 
required to get the sense of touch which is entirely different from that 
of traction or pressure of surgical cutting. 
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The amount of coagulation on the incision walls depends on the 
relation between the strength of the current employed and the speed of 
the passage of the electrode across the tissue. A little experimentation 
will soon teach the nature of the results expected. For example, with 
the cutting strength set at number 3 of the selective switch of a Wyeth 
Endotherm, an incision can be made at a fairly rapid rate without more 
than the film of coagulation, whereas hesitation or slow movement would 
result in charring. If slow movement is necessary, the cutting strength 
should be cut down to avoid charring. To make deep incisions, it is 
better to avoid attempts to make them with one stroke but rather to go 
over the same incision again using the point of the operating electrode 
and avoiding further contact with the tissue already parted. If bleeding 
spots show up after cutting by the proper current, the apparatus may be 
switched over to the coagulating current and the bleeding spot “touched 
up” with the operating electrode sufficiently to check the bleeding. In 
larger surfaces showing oozing of blood, the same current may be used. 
Increase in the strength and holding of the electrode at a slight distance 
from the tissue causing sparking to the tissue will result in sealing by 
surface coagulation. In case of more profuse bleeding, the blunt coagu- 
lating electrode or hemostat should be used as already referred to. 

In our series -of 130 cases of intrapleural pneumolysis, we have 
encountered three profuse hemorrhages. The first was encountered early 
in our experience. It occurred during a clinical demonstration of the 
cutting of adhesions with the galvanocautery, according to the method 
of Jacobaeus-Unverricht. The patient was unfit for such a demonstra- 
tion as the operation was difficult, because there were many adhesions 
to be cut. Frequent interruption, caused by letting others view the work 
through the thoracoscope, markedly delayed the operation, which was 
being done cautiously with only a minimum heat in the cautery because 
of vascular adhesions. The patient’s state of mind, as a result of conver- 
sation, made it necessary to speed up the work, whereupon the heat in 
the cautery was increased to a moderate cherry-red glow. All went well 
for a short time, when suddenly a gush of blood smeared the lens, 
obstructing all view. The thoracoscope was quickly withdrawn and 
wiped clean, but on reintroduction, the lens at once again became covered 
with blood. Knowing the exact site of the bleeding vessel, we were 
able to change the patient’s position on the table so that blood no longer 
fouled the lens and the bleeding vessel could be clearly seen. The hemor- 
rhage was eventually controlled by cauterizing tissue immediately 
surrounding the vessel and also by touching the vessel itself with the tip 
of the cautery. Two liters of blood were aspirated from the pneumo- 
thorax three days later. The patient suffered no inconvenience as a 
result of the accident, but the harrowing experience is yet so vivid in 
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the mind of the operator that lie is convinced that this type of operation 
is not appropriate for clinical demonstration to groups. Demonstrations 
should be confined to a selected, interested few. 

Two other hemorrhages occurred in our recent series, and while 
profuse for a moment, they were easily controlled by electrocoagulation. 

In case 6557 , a woman, aged 25, referred for pneumolysis, had been 
under pneumothorax treatment for nine' months. Stereoscopic films 
showed an uncollapsed cavity in the upper lobe of the right lung sus- 
pended by a cord adhesion attached to the anterior end of the third rib 
and by two string and one band adhesion attached between the second 
and fourth ribs posteriorly in the costovertebral gutter. 



Fig 2 (case 6557) — a, thoracoscopic view of cord and band adhesions 
attaching apex of the lung to costovertebral gutter, b, view of cord adhesion 
attached to anterior end of fourth nb, also adhesions between pericardium and 
chest wall and small string adhesions extending from the lung to the anterior chest 
wail and c, partially cut cord adhesion (shown in b) attached to the anterior end 
of fourth nb, showing site of blood vessel 

Thoracoscopic examination (fig. 2) confirmed these observations. 
The posterior adhesions were cut with the operating electrode after 
electrocoagulation and without anything unusual happening, as was 
expected. The cord adhesion anteriorly was then carefully studied. It 
was round, approximately 1 cm. m diameter (a minor affair from the 
standpoint of size alone). There were no blood vessels visible on its 
surface. It was densely organized and sensitive up to 3 cm. from the 
chest wall when all sensation disappeared. On slight coughing or 
clearing of the throat on the part of the patient, the adhesion increased 
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in diameter up to approximately 4 cm. from the chest wall, suggesting 
that it contained either the prolongation of a cavity or lung tissue, ne 
former being suggested by prerdous stereoscopic film study. Pulsation 
of an expanding type was noted at the attachment of the adhesion to the 
chest wall, hut not beyond 1 cm. from the chest wall. The pulsation was 
synchronous with the cardiac systole and not transmitted from the 
moving lung. A rone of electrocoagulation was made around the 
adhesion 2.5 cm. from the chest wall so as to avoid lung tissue and get 
as far away as possible from the chest wall. 

The adhesion proved to be densely organized on cutting. Little 
contraction of the cut surface took place. Small blood channels were 
encountered as the cutting proceeded, which was always preceded by 



Fig 3 (case 6557). — A, pointed electrode in position for deep coagulation of 
blood vessel and B, blood vessel for deep coagulation showing site of punctures 
(«). 

electrocoagulation. Suddenly, near the center of the adhesion, a blood 
vessel was cut into which had not been obliterated by the electrocoagula- 
tion, no doubt because of the density of the tissue and because the 
electrocoagulation current was not sufficientiy intense. A stream of 
blood was projected across the pneumothorax cavity to the lateral tho- 
racic wall. The lens, fortunately, was so placed that it did not become 
smeared with blood. The author's blunt electrode was placed on the 
bleeding vessel. But electrocoagulation at this point only made matters 
worse as the bleeding became more profuse, whereupon the pointed elec- 
trode was introduced into the tissue dose to the wall of the vessel and 
the coagulating current increased for depth; this controlled bleedin"- 
immediately (fig. 3). The adhesion was cut through without further 
loss of blood. The patient suffered no unfavorable result from the 
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bleeding. Two hundred and fifty cubic centimeters of blood was aspi- 
rated from the pneumothorax the following day. The operation was a 
complete clinical success. 

I am certain that the hemorrhage in this case would have been a 
serious matter if we had been obliged to rely on the galvanocautery for 
control. As a matter of fact, I do not think we would have attempted 
cutting this adhesion with a galvanocautery'. 



Fjg 4 (case 6500) — Diagram showing distribution of adhesions between par- 
tially collapsed lung and chest wad as revealed bj thoracoscopic examination 

In the third case, no. 6500, a woman, aged 24, referred for pneu- 
molysis, had been under pneumothorax treatment for ten months. At 
first, the quantity of sputum became diminished and then remained 
stationary, averaging from 40 to 60 cc. in twenty-four hours during the 
last two months of pneumothorax treatment, when she also developed 
tuberculosis of the larynx and extension of disease to the opposite lung. 

Stereoscopic films showed a large cavity in the upper lobe of the left 
lung. There were many band and cord adhesions attached posteriorly 
in the costovertebral gutter and to the dome of the pneumothorax cavity 
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above the first rib. There were several cord and band adhesions attached 
to the anterior end of the first, second and fourth ribs. 

Thoracoscopic examination revealed conditions shown in figure 4. All 
of the adhesions were densely organized and contained numerous sub- 
pleural blood vessels. At the first operation, a large band adhesion 
attached to the anterior end of the fourth rib, as well as a band adhesion 
holding the lung to the aorta (fig. 5), and two string adhesions at the 
apex were cut. One of the latter was attached to the wall of the sub- 
clavian artery, while the other was attached 4 mm. from the vessel 
(fig. 6a). No bleeding occurred, hemostasis being perfectly controlled 
by electrocoagulation', and no reaction followed the operation. 

At the second operation, two large band adhesions, one attached to 
the first intercostal space (fig. 6b) and the second to the third rib in 



Fig. S (case 6500). — a, thoracoscopic view of band adhesion attached to anterior 
portion of second rib; b, view of same after cutting adhesion, showing band 
attached to the aorta. 


the costovertebral gutter, were cut, again without bleeding or unfavorable 
complications. 

At the third operation, two dense cord adhesions attached to the 
anterior end of the first and second ribs were cut. All of these opera- 
tions were technically difficult, but bleeding was perfectly controlled by 
electrocoagulation, which alternated with the cutting. Following the 
operations, each of which was done at intervals of hvo weeks, an 
improved collapse of the lung was noted on stereoscopic films after each 
operation. The quantity of the patient’s sputum was gradually reduced 
to 15 cc. as shown b}’’ daily measurement. 

At the time of the previous operations, thoracoscopic study of the 
remaining adhesion showed that it %vas attached to the dome of the 
pneumothorax appro.ximately 1 cm. distant from the subclavian artery 
just before this vessel crossed over the first rib. Furthermore, collateral 
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blood supply was seen emerging from beneath the subclavian artery and 
entering the base of the adhesion near its center. This collateral blood 
supply probably came from the arteria cervicalis profunda, which in this 
case may have been a branch of the subclavian artery instead of the 
costocervical trunk (fig. 7a). The adhesion was admittedl}' of a danger- 
ous type, one we would not have considered cutting with the galvano- 
cautery. Our success with electrosurgery, however, encouraged us to 
attempt it by the latter method, as the quantity of the patient’s sputum 
had remained stationary at 15 cc. daily, and both stereoscopic film study 
and thoracoscopic study showed the remaining adhesion to be of great 
technical importance. Undoubtedly a satisfactory^ collapse of the lung 
(on which the patient’s recovery depended) Avould not be obtained until 
it was severed. 



Fig, 6 (case 6500). — a, thoracoscopic view of two string adhesions extending 
from ape.x of the lung to the dome of the pneumothorax. One is attached to the 
parietal pleura covering the subclavian arterj- and the other is attached 4 mm. from 
the vessel; b, band adhesion shown in roentgenogram after cutting with endotherm. 


The band was, therefore carefully electrocoagulated on its outer 
surface, but because of its position, it was impossible to study its inner 
surface or put an electrode in a position to do an electrocoagulation of 
that surface. A line of electrocoagulation was made 2 cm. from the chest 
wall on the outer surface, and cutting followed with the undamped 
current, of moderate intensity, first, from the posterior edge toward the 
center and then from the anterior edge toward the center. As the center 
of the adhesion was approached from either side, the band was found 
to be more and more densely organized with tough bands of fibrous tissue 
between which were numerous blood channels. Owing to the dense 
character of the tissue, little retraction of the cut surface took place, and 
it was constantly necessary to resort to the coagulating current to control 
bleeding. On further approaching the site of the collateral blood supply- 
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after cutting through a particular!}^ dense band of fibrous tissue, a sudden 
profuse hemorrhage took place. For a time it seemed uncontrollable, and 
preparations were made for blood transfusion and thoracotomy for the 
purpose of placing a clamp directly on the bleeding vessel. Fortunately, 
just at the moment when failure to control bleeding seemed imminent and 
no further time was to be wasted by attempting to control it with electro- 
coagulation currents, the method of puncturing around the blood vessel 
and doing a deep coagulation proved successful, and all bleeding stopped. 



7 (case 6500) — a, thoracoscopic 
partially cut; c, intrathoracic hemostat 
for purpose of electrocoagulation before 


Mew of apical adhesion, b, same adhesion 
damped on vascular remains of adhesion 
cutting 


Ho'od vessel,’ ofa adhesion con.ained o.her 

“e"tre certairmethortT 
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pleural pressure was considerably increased over former inflations. 
Forty-eight hours after operation, 400 cc. of bloody exudate was 
aspirated. 

The quantity of the patient’s sputum remained unchanged by the 
operation, as was expected, and for four weeks following operation, the 
daily quantity of sputum remained 15 cc. Anticipating such a course and 
convinced that a method must be found for cutting the offending band 
without danger of hemorrhage, I devised an intrathoracic liemostat which 



Fig. 8 (case 6172). — a, thoracoscopic view of a string adhesion, 5 mm. wide 
extending from the upper lobe of the right lung near the interlobar fissure to t!ie 
lateral chest wall; b, method of examining structure of adliesion with author’s 
blunt electrode ; c, view of adhesion after cutting showing retraction of stumps. 

was insulated so as to throw the coagulating current to the jaws of the 
hemostat. After the instrument rvas tested with satisfactory results, 
the final operation was decided on. 

The thoracoscope was introduced in the first intercostal space mid- 
clavicular line. A superb vierv of the remaining uncut band was seen 
(fig. 7b). The collateral blood supply was seen as on previous examina- 
tion. The adhesion had every indication of extreme vascularity. There 
was no necrosis at the site of prerdous cutting, and the cut surface was 
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clean. The intrathoracic hemostat was introduced in the third intercostal 
space midaxillary line and its jaws damped down on the remaining 
portion of the adhesion which was then thoroughly electrocoagulated 
(hg. 7c). Cutting was then carried out without any loss of blood, no 
further electrocoagulation being necessary. Complete collapse of the 
lung followed. 

The quantity of the patient's sputum promptly diminished, so that 
after two weeks the daily quantity ranged from 0 to 3 cc. During the 
course of these operations, a progressive improvement also took place 
in the opposite lung and larynx. 



Fig. 9 (case G489) — Thoracoscopic view of adhesion attached to anterior 
mesial aspects of chest wall and incdiastinum and reflected over the aorta, after 
having been almost completely cut through 

The danger of thrombosis of the vessel from heat of the galvano- 
cautery and inflammatory reactions, as well as sloughing of tissue, has 
been pointed out in connection with cutting adhesions situated close to 
large blood vessels. In numerous cases, we have cut adhesions so sit- 
uated w'liich would not have been attempted with the galvanocautery. The 
following cases illustrate the value of electrosurgery in such cases. 

In figure S (case 6172) is shown a thoracoscopic view of the ape.x 
of the riglit lung showing a fan-shaped adhesion extending from the 
apex of the lung to just above the sternal end of the first rib. The 
superior vena cava was 2.5 cm. distant from the point where the 
adhesion should be cut. In this case, some sudden unexpected movement 
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or coughing paroxysm on the part of the patient could easily have 
resulted in damage with a heated galvanocautery so close to a large blood 
vessel, for in spite of shutting off the current at the time the unexpected 
act was committed, the cautery could still remain sufficiently hot to do 
damage, whereas with the endotherm the instant the current is off, it is 
inactive and incapable of doing damage. 

Figure 9 (case 6489) shows a thoracoscopic view of a dense band 
adhesion with its base attached to the anterior mesial aspects of the 
pneumothorax cavity and reflected over the aorta to which it was 
attached, showing cutting effected by the endotherm after electrocoagula- 
tion. This operation was executed without the loss of blood, and while 
extensive, it was not followed by inflammatory reaction on the part of 
the pleura. Complete collapse of the lung followed, and the patient’s 
convalescence was uneventful. 

In this case the operation was extremely difficult and prolonged, and 
without electrosurgery it would have been impossible to carry it out 
safel}'. It could not have been done with the galvanocautery except at 
a great risk. 

COMMENT 

1. Intrapleural pneumolysis is an operation of great utility. When 
it is properly done it is not dangerous and ndll convert a useless pneumo- 
thorax into an efficient one, thus saving the patient from thoracoplasty. 

2. My experience with the electrosurgical method has given me 
confidence in this method of cutting adhesions. Control of bleeding is 
the most dangerous ]5roblem and requires thorough knowledge of the 
character of the currents used. Electrosurgical cutting is accomplished 
without heat or smoke to disturb the view. There is a minimum of tissue 
reaction afterward, and while more complicated and technically more 
difficult than the galvanocautery method, it is without doubt a notable 
advance in this branch of surgery, which is being more widely employed. 

3. Intrapleural pneuinolj'sis by the closed method is not a fool-proof 
procedure with either the galvanocautery or the electrothermic method. 
The operator must be familiar with the appearance of the pleura! cavity 
and at all times perfectly orientated regarding the nature of tissue to be 
cut. This training in the use of the thoracoscope in the pleural cavity 
is just as important to the surgeon or phthisiotherapeutist as a thorough 
knowledge of the cystoscopic image is to the urological surgeon. The 
operator should have experience with pneumothorax and must have 
surgical training. 

Acknowledgment is due Mrs. Henry F. Chane3% who, by a grant to the Portland 
Open Air Sanatorium, aided in this work. 



THERAPEUTIC PULMONARY COLLAPSE 
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With the exception of lobectomy, surgical intervention in the treat- 
ment for pulmonary tuberculosis and many other diseases of the lung 
has as its objective compression of the lung in part or as a whole. This 
is done, first, to rest the lung and aid the blood and lymph streams in 
handling the infection and thus to promote both absorption and scar 
tissue formation ; second, for the obliteration of cavities, lessening infec- 
tion, absorption and degenerative changes and also to eliminate the 
danger of hemorrhage through rupture of a blood vessel in a cavdty; 
third, for the promotion of drainage by partial compression of cavities 
nr bronchiectatic sacculation. 

Every patient considered for pulmonary collapse must be studied 
carefully by both internist and surgeon, and a definite plan outlined. 
We believe al! collapse to be selective, and that the judgment used in 
selection of patients, the type of collapse, time of operation and amount 
of compression will largely determine the results. Since we no longer 
believe that complete compression is necessary or even desirable, we 
attempt in all instances to determine the optimum therapeutic collapse. 

For simplicity and convenience, we have divided our consideration 
of surgical collapse therapy into three distinct procedures. Artificial 
pneumothorax which includes the first and largest group of our cases 
will be considered as a surgical procedure, to differentiate collapse 
therapy from the usual medical routine. 

rXEUMOTHOR.VX 

Our e.xpcrience with pneumothorax extends over a period of more 
than eleven years, while thoracoplasty, phrenicotomy, phrenic avulsion 
and other methods of surgical inten'entiou were begun five years ago. 
We have experienced the usual successes, failures and complications. 
Patients with advanced disease have constituted the bulk of our failures 
with pneumothorax, and have furnished much of the material for 
pbrcnicectomy and thoracoplasty. Incidentally, with this group we have 
had the most complications, such as pleurisy with effusion, empyema, 
pleural shock and air embolus. During this period our patients have 
been grouped as follows: (1) patients referred from various sana- 
toriums for study and. when advi.sahle, for surgical treatment; (2) 
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those seen in routine consultation of private practice; (3) patients from 
the municipal tuberculosis sanatorium at Richmond, and (4) patients 
admitted to the medical and surgical services of the Medical College of 
Virginia. Through these connections it has been our privilege to study a 
fairlj' large group. 

In patients with moderately advanced pulmonary tuberculosis, pneu- 
mothorax has been used with favorable results and fewer complications. 
Many patients who are not responding satisfactorily to medical treat- 
ment improve rapidly when pneumothorax is instituted, and within a 
short time are able to return to their homes, resuming former occupa- 
tions while continuing pneumothorax. We have grown bolder about the 
contralateral lung, not onh^ with pneumothorax but with other surgical 
procedures. If the process in the contralateral lung is of the exudative 
type, we prefer to observe the patient until this has absorbed or fibrosis 
has taken place. Should the necessity' for collapse seem sufficiently 
urgent, we sometimes institute pneumothorax even when there is a 
moderate amount of tuberculous infection of the exudative type in the 
contralateral lung. We are instituting pneumothorax earlier in the 
course of the disease and in a greater percentage of patients, and feel 
that in many with moderately advanced tuberculosis there is or has been 
an optimum time for pneumothorax therapy'. When we encounter the 
patient with a hopelessly advanced condition pleading for an operation, 
we are convinced that many', if not most of them, were at some previous 
time suitable for pneumothorax, or other form of collapse therapy, 
probably' when the disease was in the moderately' advanced stage. 

Tiiherculous Pneumonia or Acute Exudative T uhcrculosis . — In 1921, 
we first used pneumothorax in a patient with tuberculous pneumonia, 
the pneumonia following a profuse pulmonary hemorrhage. Prior to 
hemorrhage, this patient had a minimal tuberculosis. Pneumothorax 
was refused for control of bleeding, but consented to after the develop- 
ment of tuberculous pneumonia of the entire right lung. The lung was 
collapsed, and the patient recovered. Since then we have been collapsing 
the lung in these cases and using pneumothorax wherever possible in 
the acute exudative ty'pe of pulmonary' tuberculosis. Of thirty patients 
with this acute ty'pe of process in whom pneumothorax was attempted, 
fourteen are apparently well and able to work ; ten have partially recov- 
ered, and six have died. Of the ten who partially' recovered, collapse was 
entirely' satisfactory' for five. Five developed fluid ; three of these, tuber- 
culous empyema. One patient with a bilateral process developed fluid, 
and later empyema. Thoracoplasty was done, and although the patient 
is still in a sanatorium, she is free from symptoms and the good lung 
has healed. Another patient who had the right lung collapsed for more 
than two vears developed pneumonia throughout the left lung so that it 
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avulsion was done giving immediate and complete symptomatic relief, 
but we believe that thoracoplastj' will be necessary. In three patients with 
acute exudative tuberculosis, where collapse was ideal, the condition 
continued to spread and cavitate, and all the patients died. 

Abscess of the Lung. — Fifteen patients with acute abscess of the 
lung have been successfully treated tvith pneumothorax. When this 
treatment was first begun we made the mistake of giving too much air, 
which hampered drainage and temporarily did harm. However, as soon 
as this was discovered sufficient air was aspirated to reestablish drainage, 
and the patients did well. Small quantities of air, never more than from 
50 to 150 cc., should be given at frequent intervals, daily or on alternate 
days. There is no necessity or advantage in attempting to collapse the 
abscess cavity. A small amount of compression is sufficient to stimulate 
drainage and discourage further spread of the abscess. 

We keep all patients with acute abscess of the lung at absolute rest 
in bed, using postural drainage several times daily. Bronchoscopies, 
vaccines and other measures are used as indicated. Nearly all acute 
abscesses of the lung will clear up when treated in this manner without 
the use of pneumothorax, but we find a few ])atients in whom pneumo- 
thora.x is most helpful. One patient,»treated with postural drainage and 
bronchoscopy, who was not responding, was given small injections of air 
daily with immediate improvement, becoming free from fever on the 
third day. No patient with a basal peripheral abscess of the lung has 
been given pneumothorax, but peripheral abscesses in the upper half of 
the lung have shown equally as good response as those in the hilar area. 

We feel that pneumothorax is both unsatisfactor}' and unsafe in the 
treatment for chronic abscess of the lung. Two patients with chronic 
abscess died after pneumothorax, and in other patients treated in this 
manner results were unsatisfactorj'. We have abandoned the use of 
pneumothorax in such cases. 

In the obliteration of empyema cavities or the collapsing of the chest 
for relief of symptoms from adhesions causing mediastinal or cardiac 
symptoms, or symptoms from pleural retraction or bleeding from exces- 
sive scar tissue formation, pneumothorax has no place, and other sur- 
gical procedures must be utilized. 

Management of Patients on Whom Pneumothorax is Instituted.— 
Pneumothorax is instituted in the hospital or sanatorium and never at 
home unless in case of hemorrhage or other extreme emergency. All 
sick jratients are kept at rest, and after jmeumothorax they must remam 
in bed for a minimum of two months after becoming free from symp- 
toms. Small quantities of air, from 100 to 300 cc.. are given at frequent 
intervals with a .small needle, from 20 to 23 gage, of necessary length. 
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A larger needle is never used unless fluid or pus is to be aspirated. When 
deflating a lung for the first time, sufficient warm physiologic soluhon of 
sodium chloride is used to separate the pleural surfaces. In this way 
injury to the visceral pleura is avoided, and a satisfactory manometer 
reading obtained without trauma. After pneumothorax, patients are 
followed up closely. Routine fluoroscopic examinations are done prior 
to every refill and roentgen examination made whenever indicated. 

Complications we have encountered are empyema, pleural effusion, 
pleural shock and air embolus. We formerly had fluid to develop in 
approximately 50 per cent of all our patients after pneumothorax. In 
the last three or four years we have had less difficulty with fluid forma- 



Fig. 2 — A sliows acute exudative tuberculosis The sputum was loaded with 
tubercle bacilli and showed but few other organisms B, taken after selective 
pneumothorax, shows basal 'collapse of tuberculous pneumonia on the right and 
mediastinal shifting producing partial compression of the pneumonic area at the 
base of the left lung. 

tion, and now we encounter this in not more than 15 per cent of these 
cases. Empyema is a less frequent complication, but we believe that there 
is a small percentage of cases in whicli the development of empyema is 
inevitable. The better results in handling these complications and their 
less frequent occurrence rve attribute to more careful selection of 
patients for pneumothorax; we are not using it as often in the patient 
witli an advanced hopeless condition, thereby minimizing the stretching, 
tearing and other injuries here encountered. Small quantities of air are 
given at shorter intervals with less change of interpleural pressure, using 
a smaller needle, for less injury to the pleura. Patients developing effu- 
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sion after pneumothorax are put to bed. and, as in all cases of pleurisy 
with effusion, fluid is withdrawn and replaced by air. Should empyema 
develop, this is treated in the same manner using physiologic solution of 
sodium chloride and other irrigations. Thoracoplasty is not used in 
these cases until the more conservative measures have failed. On those 
patients who have not had previous treatment with pneumothorax, this 
is continued until fluid ceases to form. The lung is then permitted 
almost to reexpand, and from symptoms, physical signs, roentgen and 
fluoroscopic examination a decision is reached as to whether to continue 
with pneumothorax or permit the lung to reexpand. Pleural effusion 
has been attributed to calcium deficiency', salt retention, alkalosis, weak 
heart and low blood pressure, but we have been unable to see any direct 
relationship between these conditions and fluid formation. We believe 
infection, irritation and trauma to be the causative factors. 

Symptoms attributed to pleural shock have been encountered in a 
number of instances, but are usually' mild and promptly subside. In a 
few instances sy'mptoms have been more severe. We have noticed that 
patients who suffer from pleural shock usually' complain of pain even 
when the skin is being anesthetized. One patient with basal tuberculosis, 
treated with pneumothorax, complained of severe pain in the chest and 
neck the first time the needle was introduced. The pain grew worse with 
each succeeding deflation until pneumothorax was finally abandoned. At 
the last deflation, the patient was given a hy'podermic injection of 
morphine and atropine to lessen the shock, but when the needle touched 
the parietal pleura, the patient screamed because of excruciating pain in 
the chest and neck. Both phrenic avulsion and thoracoplasty were done 
with the patient under ethylene anesthesia, and a normal reaction fol- 
lowed. Another patient with tuberculous pneumonia, on whom pneumo- 
thorax was started in September, 1926, received refills at regular 
intervals without pain or other evidence of reaction until the following 
December. After a refill of 200 cc. of air had been given the patient 
complained of symptoms which were attributed to mild pleural shock. 
At that time the patient had a uniform collapse of approximately 75 per 
cent without adhesions and otherwise entirely satisfactory. Symptoms 
subsided within a few minutes and the patient continued to be free from 
them until Jan. 25, 1927, when on the introduction of the pneumothorax 
needle, the patient screamed because of pain in the chest, shoulder and 
neck, and ceased to breathe. The needle had just reached the parietal 
pleura and no air had been given or even an attempt made to get a 
manometer reading. The patient’s heart continued to beat regularly and 
otherwise normally under artificial respiration for thirty minutes, but 
we were never able to get her to breathe voluntarily', and she died in less 
than an hour. Autopsy was refused. 
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Air Embolus.— A patient with advanced tuberculosis and many 
adhesions was successfully treated with pneumothorax from May, 1926, 
to January, 1927. Following a refill of air on January 15, the patient 
suddenly complained of depression followed by a tingling sensation in 
the arms and hands, blindness coming on within a few seconds. The 
pulse became exceedingly slow, and the patient was unconscious in less 
tlian two minutes The needle, having been withdrawn before the onset 
of symptoms, was reinserted and a marked negative manometer reading 
was noted, although pressure just previously was — 2. One hundred 
cubic centimeters of air was aspirated, and the patient recovered con- 
sciousness within a few hours, but sight and sensation did not return for 



lug J — A shows tuberculous infiltration in both lungs and numerous cavities; 
B «,is taken three jears after complete but selective thoracoplasty. Due to exten- 
sne iinoKcmciit of the contralateral lung, more complete compression seemed then 
inadvisable. 

twenty-four hours. One week later, during a refill of pneumothorax, 
tlie same symptoms occurred in a milder form. At this time, counting 
with the aid of a stethoscope, the heart rate was only seven beats per 
minute. Pneumothorax was abandoned. 

Atiotlier patient, an old man with chronic abscess of the lung, sud- 
denly died on the introduction of the needle. Respiration and the heart 
beat stopped almost simuifaneously ; we believe that death was due to 
cardiac failure and not to cither air embolus or pleural shock. The 
accidents in these four patients are discussed somewhat in detail as we 
believe there is a difference in air embolus, pleural shock and cardiac 
faiime. any of which may happen in pneumothorax treatment. 
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PHRENIC AVULSION 

The second group in this study of surgical collapse consists of cases 
in which phrenic avulsion has been employed. Our series includes only 
eighteen cases of this type. But in reviewing even so small a series, 
certain phases regarding the use and value of surgical procedures on the 
phrenic nerve are worthy of emphasis. All of our cases of phrenic 
avulsion, with one exception, have been done under local anesthesia. 
We have attempted to remove from 6 to 10 cm. of the phrenic nerve; 
and have used both types of incision. In our first cases we followed 
the posterior border of the sternomastoid which gave a satisfactory 
exposure but a rather prominent scar. In the greater number of cases in 
the series an incision has been made about 3.5 cm. long just above and 
parallel to the clavicle. This has been found to give adequate exposure 
with a less noticeable scar. Granted a thorougii knowledge of the 
anatomy in this region, little difficulty should be experienced during the 
procedure. It is fair to sav, however, that this operation on an obese, 
short-necked patient will cause the surgeon a certain amount of mental 
anguish, while on a thin patient it will seem much easier. This, however, 
is true of all surgical conditions. 

Reported injuries should be kept in mind. We have, fortunately, 
had no complication with the operation. The thoracic duct has never 
been e.xposed, nor has any damage to other structures been experienced. 
Infection of the wound has not occurred. A number of failures from 
operation on the phrenic nerve have been reported. P'ollowing carefully 
the work of Felex, we have made it a practice to note the size of the true 
phrenic nerve as each operation, and if there is any question about its size, 
we always make an effort to get the accessory phrenic as well. The 
anomaly is reported to occur in from 20 to 30 per cent of such cases. 
After phrenic avulsion, we have followed every case closely. Our first 
operation of this type was done five years ago. No patient has been 
made worse by the operation. 

Clinical results supported by fluoroscopic studies have shown that our 
desired aim is attained by this operation. The diaphragm is paralyzed, 
with noticeable elevation, the latter depending on the present degree of 
adhesions. Beneficial results following this lesser procedure have been 
beyond our expectations, and we feel that it has a distinct and valuable 
place in one’s armamentarium for therapeutic pulmonary collapse. 

One of the most difficult conditions that comes into our clinic is 
bronchiectasis. Following the conservative school in a number of these 
cases, we have given relief by compressing the lung b}' means of jihrenic 
avulsion, plus resection of the ribs. We realize that comparatively little 
support has been given the therapy of paralyzing the diaphragm as a 
treatment for bronchiectasis, and we wish to report favorable results in 
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selective cases b)’ phrenic avulsion and postural drainage. Patients hav- 
ing a limited involvement closely associated with the diaphragm have 
shown distinct improvement, and many of them believe that they are well, 
although this optimism should not be overestimated. Clinically, they are 
markedly benefited. Any lesser operation which carries little hazard and 
offers improvement is worthy of consideration. 


THORACOPLASTY 

In the less fortunate patients with more extensive involvement, 
thoracopisty in two or more stages, as advocated by Hedblom and others, 
has been our procedure. This type of operation may not produce a com- 
plete cure, but it has certain commendable features. The mortality of 

the operation is not a deterrent factor if it is carried out in stages. 

c 



log. •<—,'! shows advanced bilateral tuberculosis with a large apical cavit> 
which grew larger in spite of the patient resting for months in bed. The 
remainder of the lung shows the tuberculous lesions mostly healed. B was taken 
after selective thoracoplasty with obliteration of the cavity. The patient is now 
clinically well and symptom-free 


hvery one of our patients of this type has shown improvement sufficient 
to justify return to previous occupation. 

Pneumothorax has been tried in bronchiectasis with poor success. 
Since tile advent of iodized oil and lung mapping, we have discontinued 
1 1 C use of pneumothorax in these cases even for diagnostic purposes. 

1 horacoplasty as a means of producing pulmonary collapse in tuber- 
culasis IS a procedure well established in this body. Fift 3 -one patients 
nn t puhnonarv tiiherculo.sis have been subjected to this operation in our 
practice. A few were not given the complete standard procedure In 
certain cases, a selective collapse was directed at the advanced patholo<^ic 
process. Resection of the upper five ribs only was done on five of th^e 
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Fig 5 — A shows basal raies, principally small and medium moist rales, at the 
left base posteriorly A clinical diagnosis of bronchiectasis of tlie base of the left 
lung was made E, taken following the introduction of iodized oil, shows bron- 
chiectatic pockets just above the diaphragm, principally behind the heart shadow 
on the left C was taken following phrenicectomy. The patient has had subse- 
quent injections of iodized oil and has remained practically symptom-free. Her 
condit'on has been diagnosed as tuberculosis for nineteen years prior to our study. 
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patients, all of whom had additional involvement of the so-called good 
lung.” The first patient of this type was a poor risk, who was eager to 
take a chance for improvement. With some reluctance we resected the 
upper five ribs, e.xpecting to complete the operation at a later period. 
Following the apical collapse, her condition improved so rapidly that she 
refused to have the complete operation. 

No ill effects have followed this procedure. There has not been any 
e.vtension of infection to the lower lobes, which has been reported as ont. 
of the contraindications to resecting the upper ribs first. On the other 
hand, it may be argued that an upper thoracoplasty is better borne by 
the patient than a resection of the lower ribs. In spite of the fact that 
resection of the first rib is the only difficult part of the operation, we feel 
that compression produced by apical collapse is the most important 
therapy, because it is directed at the root of the pathologic process. 
Furthermore, the better part of the lung is allowed to function and aid in 
expectoration. Resection of the lower ribs not infrequently causes 
cardiac embarrassment through its ihfluence on the great vessels. The 
accumulated evidence seems to prove that resection ot the upper ribs 
causes less reaction and is less hazardous to the patient. With our earlier 
cases in which we followed rather closely Sauerbruch’s plan of operating, 
there was usually considerable reaction to the first stage of the operation, 
with a slighter reaction after the second stage. The disturbing post- 
operative course of these cases, plus the recommendation of Alexander, 
has influenced us to use phrenicotomy with an upper thoracoplasty. 
While this might not be suitable for all cases, especially if there is 
involvement of the lower lobe, we have had equally good results with 
a lesser amount of surgical intervention, which we believe to be sound 
reasoning. 

SUMMARY 


Briefly summarizing our conclusions from the foregoing fairly 
extensive study of therapeutic pulmonary collapse, we find that surgical 
collapse is rendered complete only by utilizing all our resources. These 
include: the carefully modified uses of artificial pneumothorax; phrenic 
avulsion and thoracoplasty, emphasizing the virtue of primary resection 
of the upper ribs. We believe that such selective collapse should receive 
foremost consideration. Careful choice of the t>'pe of collapse suitable 
for the individual case is of paramount importance, for no standard 
operation can be applied routinely to surgical pulmonary patholot^ic 
processes. ' “ 

.■\BSTR.ACT OF DISCUSSION 


OK PAPERS IIY nus. LILIEKTHAL, WELLES, MATSOX, A.KD COLE A.A0 JOHXS 

Dr. EmvM^n S. Welles, Saranac Uke, N. Y. I should like to express mv 
.appreciation of Dr. Mafion’s paper, and I diould like to add to Dr Matson’s 
argument lor that procedure. ' ' ® 
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Five or six years ago, Dr. Jacobeus came over to this country and demonstrated 
the method at several tuberculosis centers, but nobody seemed to like it. We 
did not take it up at Saranac Lake; the medical men there did not want it done. 
They W'ere all afraid of hemorrhage as Dr. Matson says, because the view through 
the instrument was not sufficient to make the procedure safe. 

About two years ago Dr. Matson came to Saranac Lake and demonstrated 
the same thing to us, except with the Unverricht instrument, and convinced all 
the phthisiologists of its value. They wanted me to use the operation; so I 
secured the outfit and have been doing it since. 

I have used this procedure in from thirty to thirty-five cases now, nowhere 
near the number that Dr. Matson has, but a sufficient number of times to make 
me enthusiastic about it. I do not believe that it is being used enough throughout 
the country in the other tuberculosis centers. So far, I have had no bad luck 
with it. I have never had a serious hemorrhage, and of all the cases, I have 
had only one case of empyema. 

I think that we are overlooking a valuable aid in the treatment for tuberculosis 
by not using this method because of possible imagined objections to it. It is 
difficult to do, and it takes a good deal of practice to be able to do it well, to 
localize oneself accurately in the chest and to learn how to handle the cautery 
with safety, but it can be done. It is not any harder to learn than cystoscopy, 
and I think that it is just as valuable in its field. 

I think that Dr. Matson deserves a great deal of credit for the presentation of 
the subject. 

Dr. Ralph C. ^[atson, Portland, Ore.: I regret that phthisiotherapists and 
thoracic surgeons in general do not appreciate to the extent justified the value 
of intrapleural pneumolysis by the closed method. 

The phthisiotherapist is appreciating more and more the value of phrenic 
neurectomy and thoracoplasty and is more frequently referring these cases to 
the thoracic surgeon. The phthisiotherapist too often is guilty of continuing an 
unsatisfactory pneumothora.x until the patient’s condition is so hopelessly advanced 
that other operative measures cannot be utilized. This group of cases embraces 
about half of the pneumothorax group and therefore represents a large number 
of cases in rvhich the patients could be benefited by other forms of collapse therapy, 
and one should especially consider an intrapleural pneumolysis first because -if 
successfully carried out, the patient is spared from a thoracoplasty. 

The phthisiotherapist needs education regarding the value of the entire group 
of surgical collapse procedures. 
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and mixed venous blood, by direct puncture of the right side of the 
heart through the chest wall. The needle was introduced in the fourth 
right interspace close to the sternum to avoid puncture of the right 
pleura. Samples of blood were analyzed for their oxygen content by 
the technic of Van Sl3dce. The respiratory volume per minute was 
calculated from the tidal air volume and the respiratory rate, and the 
amount of blood flowing through the lungs per minute w'as obtained 
by dividing the oxygen consumption per minute by the, difference 



between the arterial and the venous oxygen contents, The pulse volume, 
of course, represents the blood flow per minute divided by the pulse 
rate. Practically no difference was noted between the effects of uni- 
lateral and bilateral pneumothorax of the same total amount. 

The accompanying charts show typical experimental results. Chart 
1 shows the effect of increasing bilateral pneumothorax in an animal 
weighing 10 Kg. Following the introduction of SO cc. of air into each 
pleural cavity, the mean intrapleural negative pressure was decreased by 
1 mm. of mercury. Coincident with this the tidal air volume was 
increased from 138 to 190 cc. (37.8 per cent) and the respiratory 
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volume, from 8,120 to 11,800 cc. per minute, or an increase of 45.3 per 
cent, largely due to deeper respiration. The amount of l)lood flowing 
through the lungs per miirule was practically unchanged. 

Bilateral pneumothorax of 100 cc. (200 cc. total) decreased the 
negative intrapleural pressure by one-half its normal value, liic pulse 
rate was increased to 10 per cent above its initial rate, and the respiratory 
rate rose to 33 per cent above that at the beginning of the experiment. 
The tidal air volume began to fall, however, now being only 21 per cent 
above the first value, but due to the increased respiratory rate the 
total air breathed per minute was about 65 per cent above the initial 
amount, an increase of 5,260 cc. 

The total amount of blood circulating through the lungs per minute 
now reached its maximum at 27 per cent above the resting value. 

From this point onward, further increase in the pncumothoraces was 
followed by changes which may be interpreted as signs of beginning 
decompensation. Thus, bilateral pncumothoraces of 200 cc. (a total of 
400 cc) reduced the mean intrapleural negative j^rcssure still furtlier 
to — 1 mm. of mercury and caused a slowing of the pulse to 10 per cent 
below the rate at the outset. The respirations were increased to 90 
per minute (-f- 50 per cent) but were definitely labored, and even with 
the added effort they accomplished the inhalation of only the .same 
amount inspired with the animal at rest before the beginning of the 
experiment. The respiratory volume per minute fell .somewhat (10 
per cent) from its peak, but due to the rapid respiratory rate it .still 
remained 54 per cent above its initial value. 7’his ninotinl of pulmonary 
compression seemed definitely to interfere with the circulation through 
the lungs, for this was decreased by 31 per cent -f-, being now .slightl}' 
below the resting \'alue. 

Bilateral pncumothoraces of 300 cc. each (600 cc. total) caused 
dangerous symptoms. The mean intrapleural pressure became practically 
0, and the pulse rate had fallen to 25.3 per cent below the rate at 
the outset. Respirations became more labored and considerably slower 
(32 per minute, a decrease of 47 per cent), and the amount of air 
taken in with each inspiration fell to 25 per cent below the quantity 
at the beginning of the experiment (63 per cent below the peak). The 
respiratory volume per minute fell off sharply to about 60 per cent 
below its initial value (124 per cent below its peak). The circulation 
of blood through the lungs was also considerably interfered with and 
was reduced in amount to 26.5 per cent below its resting value (or 
53.5 per cent below the maximum). The pulse volume was also 
decreased to 7 per cent below the initial value or 24 per cent below 
the maximum. 

Thus, with an intact cardiorespiratory mechanism the body responds 
to the presence of closed pneumothorax by an increase in the pulse 
rate and pulse volume— after a slight initial slowing of the rate— 
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by an increase in respiratory rate, tidal air volume, and minute respira- 
tory volume, and by increasing the amount of blood circulating through 
the lungs per minute. This compensation continues as the pneumothorax 
increases up to a certain point, which varies somewhat with the animal, 
but is followed by beginning failure of the cardiorespiratory mechanism 
as evidenced by sharp falls in all these factors. 

The study was continued to include the effects of interference with 
certain other parts of the cardiorespiratory mechanism. The first of 
these studied was the effect of unilateral and bilateral paralysis of 
the diaphragm. Chart 2 shows a summary of these effects. 



Unilateral phrenicotpmy has been estimated to reduce the lung vol- 
ume from one sixth to one third of its original value. Reference to 
the curves in chart 2 shows that in dogs paralysis of one half of the 
diaphragm produces effects quite comparable to those produced by a 
moderate pneumothorax. The mean negative intrapleural pressure is 
decreased somewhat, the pulse and respiratory rates are- increased by 
about 10 per cent and the blood volume per minute is greater by 25 
per cent than the resting amount. Because of the interference with 
the efficiency of inspiration, however, the tidal air volume and respiratory 
volume per minute are decreased by about 20 or 13 per cent, respectively. 

So far, then, compensation has taken place, and indeed the pulmonary 
circulation seems definitely improved, as evidenced by the 25 per cent 




ANDRUS-lVILSON—CARniORliSPIRATORV MECHANISM 1209 

increase in the Wood flow per minute. Bilateral phrcnicoloiny, as 
would be expected, produces detrimental clTects tending toward 
decompensation, and in this animal reduced the tidal air volume by 
60 per cent, the respiratory volume per minute by 62 per cent and 
the quantity of blood flowing through the lungs per minute by 21 
per cent, or to a point 45 per cent below that of unilateral phrenicotomy. 

The reactions of an animal with unilateral diaphragmatic paralysis 
to pneumothorax are also of interest (chart 3). Whereas in the intact 
animal a pneumothorax of about 200 cc. produced an increase of the 
pulse rate, tidal air volume, respiratory volume per minute and the blood 



Chart 3 . — Reactions of an animal willi unilateral (liaphrasmalic paralysis to 
pneumothora.x before and after bilateral section of the vagus. 

flow per minute through the lungs, a similar pneumothorax when 
preceded by unilateral phrenicotomy causes a fall in all but the pulse 
rate, amounting in some instances to as ranch as 20 per cent of their 
previous values. Doubling the size of tlie pneumothorax produces 
grave symptoms of decompensation, ns evidenced Ijy reduction of the 
tidal air by 34 per cent, of the respiratory volume per inimite by 39 
per cent and of tlie blood flow per minute tlirough the lungs hv 
38 per cent. 

It is thus evident that the interference of such a factor with the 
depth of inspiration reduces the ability of the animal to compensate 
for an increased respiratory load. 
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The possible role of the vagus fibers to the lungs in the initiation 
of these compensatory changes is uncertain, but the reactions of an 
animal with bilateral vagotomy to pneumothorax are also interestina 
(chart 4). 

Sectioning of the vagus nerves on both sides caused a slight increase 
in the pulse rate and slowed the respirations to one half of the previous 
rate. Coincident with this the depth of inspiration, as indicated by 
the tidal air volume, rose 150 per cent, and the respiratory volume 



Chart 4. — Effect of unilateral pneumothorax after section of both vagi. 

per minute was increased by 25 per cent. A slight decrease was noted 
in the blood flow per minute through the lungs (4 per cent) and in the 
pulse volume (9 per cent). A pneumothorax of 200 cc. here produced 
mixed efifects. The respirations were slightly increased ; the tidal air 
volume rose still higher, to 209 per cent above the amount before 
vagotomy was performed. As a result of this, the respiratory volume 
per minute was increased to 90 per cent above the initial amount. 
The quantity of blood circulating through the lungs per minute was 
slightly decreased, as contrasted with the 2 / per cent increase in this 
factor produced b}"^ pneumothorax of equal size in the intact animal. 
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Doublitig the size of the pneumothorax brought on signs of l)cgin- 
ning decompensation and, except for an additional rise in tlic tidal 
air volume to + 270 per cent and a 12 per cent increase in the pulse 
rate, caused a sharp fall in all other factors measured. The amount 
of blood flowing through the lungs per minute was particularly aflcctcd, 
falling to almost 30 per cent below its initial value, 

SUM MARY 

1. A dog with an intact cardiorespiratory mechanism responds to a 
closed pneumothorax of moderate size by a slight increase in the })ulse 
rate (10 per cent), a moderate increase in the respiratory rale (33 ])cr 
cent) and tidal air volume (20 per cent) and a consideralflc increase 
in the respiratory volume per minute (65 per cent). In addition, the 
amount of blood circulating through the lungs per minute is increased 
by about 25 per cent and the pulse volume by about 15 per cent. 
Pneumothorax of a larger size causes symptoms of beginning decom- 
pensation, as evidenced by a fall in all these factors. 

2. Unilateral phrenicotomy produces results similar to those jtro- 
duced by moderate pneumothorax, i. c., an increase of about 10 per 
cent in the pulse and respiratory rates, a moderate increase (about 
25 per cent) in the amount of blood flowing through the lungs per 
minute, and an increase of about 15 per cent in the pulse volume. 
The tidal air volume and respiratory volume per minute arc decreased 
by about 20 and 15 per cent, respectively, following bcmiparalysis of 
the diaphragm. 

3. Bilateral phrenicotomy produces symptoms of beginning rc.spira- 
tory decompensation in the dog. 

4. A dog with unilateral phrenicotomy has a definitely decreased 
tolerance to further pulmonary compression, as evidenced by the fact 
that symptoms of beginning cardiorespiratory decompensation are pro- 
duced by pneumothorax of a smaller size than is the case in an animal 
without bcmiparalysis of the diaphragm, 

5. Bilateral vagotomy causes a marked slowing of the respiratory 
rate (50 per cent) and an increase in the tidal air volume of 150 per 
cent and in the minute respiratory volume of 25 per cent. There is 
a slight decrease in the amount of blood flowing through the lungs 
per minute (5 per cent) and in the pulse volume (9 per cent). 

6. Tolerance to pulmonary compression is also decreased following 
section of both vagus nerves. 

ABSTRACT OF DISCUSSION 

Dr. E. a. Graham, St. Louis; I should like to ask Dr. Andrus a question, 
I heard him say nothing about the amplitude of respiration. 

Dr. W. DeW. Andrus: Tidal air volume. 

Dr. Graham ; That answers it. 



FUNCTIONAL ASPECTS OF BRONCHIAL MUSCLE 
AND ELASTIC TISSUE * 
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Feiv medical practitioners will be found who do not know that the 
bronchia] tree contains smooth muscle, but probably not many realize 
that this muscle forms a motor organ extending uninterruptedly from 
the larynx to the outermost terminations of the air-carrying tubes, and 
infiltrating the entire lung substance. Indeed, on account of the thick- 
ness and uniformity of its distribution, one recent worker, Baltisberger,' 
has averred that hardl}^ a cubic millimeter of lung substance in the 
human being could be found which would not contain smooth muscle. 
There are reasons why the presence of this abundance of pulmonary 
muscle has not been observed earlier. One undoubtedly is the fact 
that in ordinary microscopic sections of the lung so much space is 
occupied by air that the tissues are spread apart, and the muscle ele- 
ments, thus dispersed, do not bulk so large as they would if all the 
air could be eliminated and the muscle specifically stained. In such 
a case one would be struck at once with the relatively large amount of 
muscle present. Again, the muscle in the lung tissue occurs in delicate 
wisps, sometimes only a cell or two in thickness, and, since distinctive 
stains for muscle are seldom used, it does not contrast sufficiently with 
adjacent tissues to be appreciated. 

ANATOMY or TJiE BRONCHIAL MUSCULATURE 

This muscle is not distributed in any haphazard fashion in the lung; 
on the contrary, it is built up in a characteristic and systematic manner. 
Most of it is in the walls of the airway, and is known as the bronchial 
musculature. This is by far the more important division. Some of 
the muscle, however, is scattered as slender strands and filaments in 

* From the Department of Anatomy of the Faculty of Medicine of the Uni- 
versity of Western Ontario. 

* Credit for assistance in the preparation of this paper is gratefully acknowl- 
edged to the Marine Biological Laboratory, Woods Hole, Mass., where a work 
room and library facilities were placed at my disposal. 

* This article is mainly a s}'nopsis of a monograph entitled "The Jfusciilature 
of the Bronchi and Lungs” which appeared in Physiological Reviews, vol. 9, no. 1, 
January, 1929. This contains a full bibliography. For a more thorough treatment 
of the different subjects, thts original should be consulted. 

1. Baltisberger, W. : Ueber die glatte Muskulatur der menschlichen Lunge, 
Ztschr. f. .'\nat. u. Entwickl, 61:249, 1921. 
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the interstitial tissue of the lung, and has, accordingly, been termed the 
interstitial musculature. 

The bronchial musculature is found throughout the airway, and this 
means throughout the lung tissue. In the trachea it exists in the pos- 
terior, flaccid, membrane as thin transverse strands which tie together 
the ends of the cartilage crescents. Some fibers, particularly in the 
region of the carina, course obliquely, or longitudinally. 

In the main bronchi there is much the same arrangement, the 
fasciculi of muscle, at first, bridging the interval between the cartilage 
ends; but soon, as the cartilages come to be distributed around the 
entire wall, the muscle also becomes a complete layer, lying as a delicate 
tubular network between the cartilages and the mucosa. The pre- 
dominant course of the strands in the larger tubes is circular, and the 
elongated, transverse meshes vary in size and shape depending on the 
state of elongation or contraction of the tube. This netlike muscle tube 
is an integral part of the wall; there is no interruption in it, and it 
branches and rebranches with the air tubes, the caliber progressively 
becoming smaller and smaller. The area of the cross-section of the 
branches, however, always exceeds that of the parent trunk. The 
muscle, too, becomes actually more delicate as the tubes become smaller, 
but, when considered in relation to the bulk of the other constituents 
in the wall the muscle is more prominent. This is particularly true of 
the fine terminal bronchioles which mark the end of the purely con- 
ducting part of the airway, and lead over into the combined conducting 
and respiratory part. In the terminal bronchioles the muscle is rela- 
tively heavy, and is capable, apparently, of obliterating the lumen of 
the tube, on contraction (figs. 1 and 2). 

The anatomy of the conducting part of the airway is familiar to 
every surgeon, and need not be discussed here. But when the terminals 
of the airway are considered — ^the conducting and respiratory portion — 
it is found that the anatomy is not usually so well known and, on this 
account, a short description will be given of this, more recently studied, 
division, as a preliminary to the consideration of the muscle in its walls. 

The fine terminal bronchioles of the air system, corresponding to the 
finer arterioles of the blood system, are relatively narrow ; indeed they 
are said to be the narrowest part of the airway. They branch into the 
respiratory bronchioles, so called because their walls are broken by 
openings leading into air-holding chambers, some of which are clothed 
by cuboidal epithelium; others are covered with such thin-walled 
epithelium as to make them capable of allowing gaseous interchange 
between the air and blood. As these respiratory bronchioles are traced 
outward, the openings become more numerous and larger. They branch 
into wider tubes, which are of characteristic appearance, and are called 
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alveolar ducts. These ducts are important air-carrying tubes. Their 
walls, if they can be called walls, are mere, large-meshed sieves, the 
rounded openings sometimes leading into branches like themselves^ but 
more frequentl)' into loculated alveolar sacs, which end blindly. These 
alveolar sacs, or air-sacs as they are often called, are often partially 
divided by low, crescentic partitions, into two or more chambers, which 
are known as alveoli. Thus the alveoli are mainly subdivisions of the 



Fig. 1. — (From Eduard Muller, Zur Anatomic der Bronchialmuskulatur, Sitz- 
ungsb. d. Gesellsch. z. Beforderiing d. ges, Naturwiss. z. Marburg, May, 1913, 
abb. 2.) Musculature in a bronchus of 0.8 mm. diameter from a new-born child. 

alveolar sacs. Some, however, open directly from the alveolar ducts or 
respiratory bronchioli ; in this case a unilocular alveolar sac and an 
alveolus would mean the same thing. 

Thus the pulmonary lobule, or acinus, which is all that branched 
complex of air tubes, air chambers and their adnexa, the stem of which 
is the respiratory bronchiole, is complicated. It is onl)' recently that 
its labyrinthine character has been visualized. The accompanying figure 



MACKLIN— BRONCHIAL MUSCLE AND ELAS'i 1C TISSUE 1215 

of Willson = (fig. 3) will assist m giving some idea of this structure, 
or, more correctly, a small portion of it. A terminal bronchiole ^® ( 1 ) is 
shown dividing into two respiratory bronchioles, each of which (2) 
again divides into two alveolar ducts. Only one of these (3) was 
followed by Willson,-* in his study, and this divided twice in rapid 
succession ( 4 , 5). Only one of the latter branches® (d) was traced 
to its ultimate terminals. These ramifications (7 to 2d) were all pro- 



William Snow Msiler, Am. Rev Tuberc 5:693 (Nov.) 1921 
E- .} Muscle bands from bronchiolus from the lung of man ’ 


30:267^May”’l5l' "'r'" Bronchiole, Am. J. Anat. 

8:9 (Dec) 1927 Lung, Umv. Toronto Med. Bull. 

9:1 ’ Bronchi and Lungs, Physiol. Rev. 

L Willson (footnote 2, first reference). 

Kolliker, A.: Mikroskopische Anatomie der Gewebeiehre des Menschen, 
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jected on a sheet of paper. On this branch and its ramifications alone 
one can count some seventy-one alveolar sacs of various sizes, to say 
nothing of the many small alveoli. Thus the number of respiratory 
chambers in a single pulmonary lobule must be enormous. Willson 
noted much variation in the size of the alveoli, and of the air sacs, and 
found many' respiratory' chambers which might with equal propriety be 
called either large alveoli or small air sacs. • 

In the lobule the essential happenings of external respiration — the 
gaseous interchanges between the air and the blood — go on. It must, 
therefore, be cajiable of being ventilated — of expanding and contracting. 



Fig-. 3. — (From Willson, Herbert G., The Emphysematous Lung, Univ. Toronto 
Med. Bull. 8:11 (Dec.) 1927.) Diagram of some of the terminal ramifications 
of a nonrespiratory bronchiole of the lung of a child, projected on a single plane. 
All these branchings occur in a piece of lung about the size of a pinhead. 

Indeed Keith ' has termed it, rather appropriately', the “bellows part” 
of the lung. To understand its action is to understand the mechanical 
action of the lung ; and the muscle is an important, indeed an indispens- 
able, element in it. I shall now return to a consideration of this muscle. 

The network, mainly of circular libers, passes directly on from the 
terminal bronchioles into the pair of respiratory bronchioles, and thence, 
without interruption, into the ultimate ramifications of the alveolar ducts, 
and some of its fibers even dip into the lining of the alveolar sacs. 

6. Keith, A. The Mechanism of Respiration in Man, in Hill, L. ; Further 
Advances in Physiolog}', London, .Arnold, 1909. 
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Tn the respiratory bronchiole the muscle strands run obliquely, or, 
»s Mint jessed i, in "geodesic lines ” When open, ngs 

occur in the walls the strands encircle these, but the muscle , 
everywhere, is to be regarded as part of the wall of the tube rather 
than as belonging to the outpouching. If such a tube is sp it opei 
and laid flat, with the muscle appropriately stained, it would look 
as shown in figure 4, from Baltisberger.^ The openings outlined un 
black lines lead into alveoli. Figure 5 shows the muscle as seen in 



Fig. 4 — (From Wilhelm Baltisberger, Ztschr. f. Anat. u. Entwickl. 61:259, 
1921, abb. 4.) Diagram of the wall of a respiratory bronchiole, in man, split length- 
wise and laid flat. The longer, vertical axis is the axis of the tube. The cut 
was made along the line of contact of the pulmonary artery, where there are no 
alveolar outpouchings. In the central part of the field, opposite the artery, the 
alvOTli are numerous, particularly in the lower part of the field, which is the most 
peripheral region. 


longitudinal sections of this tube. It is cut transversely and is marked 
nq to m^ , “a” is an alveolus lined with cuboidal epithelium ; to S 3 indi- 
cate the walls between the alveoli. 


Trce‘anl''Jr’n ^l«sculature of the Finer Divisions of the Bronchial 
(Nov ) ^21 Pathologic Conditions, Am. Rev. Tuberc. 5:689 
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In the alveolar ducts, the meshes of the net become larger and 
larger, since so much of the essential wall is occupied by the openings 
into the offshoots already described. The muscle net of the wall of an 
alveolar duct, if split open and laid flat, would appear loose, with 



Fig. 5. — (From Baltisberger, abb. 2, p. 256.) Section from the wall of a 
respiratory bronchiole, in man, showing four muscle bundles, »»i, m 2 , mi, and vu, 
cut transversely or obliquely ; a is an alveolus, lined with cuboidal epithelium. 



delicate strands, as shown in figure 6. from Baltisberpr. Strands 
from the muscle net of the alveolar ducts are often contmued into the 
alveolar sacs. The larger sacs have a similar wall, but it is even 







MACKLIN— BRONCHIAL MUSCLE AND ELASTIC TISSUE 1219 


delicate, and the muscle is lacking in many of the edges of partitions 
separating alveoli. In such cases the thin margin of the partition is 
made up only of delicate strands of white fibrous and yellow elastic 
tissue. 

Reproductions of figures from Baltisberger's fine work are here given 
to make the meaning clearer, and to enable one to visualize the compli- 
cated structure of the terminal air ducts and chambers. In figure 7 is 
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the cut muscle appears as siuall dark nodular structures of various 
sizes and shapes. Each nodule is connected outwardly with a thin 
partition, separating adjacent air chambers. For the most part, the 
muscle rings are cut directly across, or at a sharp angle, but some are 
cut tangentiall)^ and appear as more elongated structures, in the figure. 
This is a favorable section, since the alveolar ducts are cut longitudinally. 
It is not always possible to secure them so cut. The nature of the 
alveolar sacs is well seen. One readil}' grasps how contraction of this 
tubular net would diminish the space within, and tend to force the 
air either laterally, into the air chambers, or forward, along the tube, 



Fig 8 — (From Baltisberger, abb 5, p 262) Drawing from a section cut 
longitudinally along an alveolar duct in a human being. The muscle bundles, 
shown as a double row of dark nodules, which line the lumen of the duct, ha\e 
been cut in different directions The muscle bundles have numbers, and the air 
sacs are marked at, at:, etc , aff is the lumen of the alveolar duct. 

toward the larger bronchi. The latter movement, of course, occurs in 
norma! expiration, as this is the direction of least resistance. 

Figure 8 shows, again, a longitudinal section along an alveolar duct. 
Off, at a somewhat higher magnification The muscle lines the lumen 
of the tube, and is seen in the darker, stouter, structures. As before, 
the rings have been cut at various angles. If, instead of a thin section, 
one were looking into a slice of tissue which would show the far side 
of the tube, it would be seen that the muscle formed a network as 
described, and as shown spread out flat in figure 6. 
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In figure 9 is seen another thin section through an alveolar duct 
showing the muscle grouped about the central lumen, marked «(/. The 
tTcle nlles are numbered 1 to 6. and each is but part of a cmcle. 
The elastic tissue infiltrating the muscle is not seen in these figures. 
In figure 10 is shown a tangential section along the wall of an alveolar 
duct which shows how these sphincteric muscle structures are woven 
together to form the wall. Figure 11 shows a section across an alveolar 
duct, ag, in which a complete circle of muscle is shown. Not many 



Fig. 9. — (From Baltisberger, abb. 6, p. 263.) Drawing showing a cross-section 
through an alveolar duct ag in a human being. The muscle bundles, cut for the 
most part transversely, bear numbers, and the air chambers bear the general desig- 
nation a, and they show a typical rosette form. 


such are seen in a field. Although no openings into outlying respiratory 
chambers appear in this section, they would come into view in adjacent 
sections, if these could be seen. Figure 12 is a photomicrograph of one 

of my own preparations from the lung of a cat, showing a somewhat 
similar muscle ring. 

iSowhere is muscle found in the walls of the alveoli — only in the 
mouths of these and not always there. It is always to be regarded 

as e onging to the tube or sac into which the alveolus opens, and never 
as part of the alveolar wall. 
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In the alveolar ducts and larger alveolar sacs the lining presents an 
appearance reminiscent of the lungs of the lower vertebrates, such as 
the frog. Indeed, it has long been known that the unit of the mam- 
malian lung, including that of man, is built up like that of these lower 
animals ; and Kolliker ® and others, many years ago, called attention to 



Fig. 10. — (From Baltisberger, abb 8, p. 264.) Tangential section along the 
edge of an alveolar duct in a human being, showing the ^^'a)• in which the muscle 
bundles interlace with one another. The arrow indicates the long axis of the duct 
The numbers indicate muscle bundles running in ditferent directions; a and & are 
openings into air chambers. 



Fig. 11. — (From Baltisberger, abb. 7, p. 263.) Oblique section through an 
alveolar duct in a human being, cut through the muscle in such a way that a 
complete ring appears in the section. The muscle fibers in this ring, however, 
appear interwoven, off marks the lumen of the duct. 

this resemblance. Because of this similarity I am here showing the interior 
of a loculus of the lung of the turtle (fig. 13). In structure it is 
essentially like the larger alveolar ducts of the lung in man, but is built 
with chambers of much greater size and much heavier parts. The lining 
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of the loculus will be seen in the surface network in which, as in the 
mammalian lung, the muscle fasciculi are far the most bulky 
constituent. A cross-section of one of these lining strands, stained 
to show the muscle, is presented in figure 14. The muscle is here 
much more dense than in the mammalian lung, as a comparison with 
figures 10, 11 and 12 will show, and the interalveolar partition joining 
it is considerably heavier, and has a capillary field on either side, but 
the general arrangement is the same. 

Thus it is seen that whatever “wall” there is in the air tubes of the 
pulmonary acinus is made up of this muscle net with its infiltration 



elastic tissue in a similar region. 

of this kind. (Author’s prcpLtiom)'" everywhere 


important and closely XtTdstZtZe "th *""1 
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Fig. 14.— Photomicrograph of a section through the myo-elastic network lining 
such a loculus of turtle lung as that seen in figure 13. Note the dense muscl^ 
and the apparent stalk, which is a partition between adjacent air chambers. Com- 
pare with figure 18, which shows the elastic tissue ,in a similar region. 
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spicuous layer is situated in the mucosa, and is made up of strands 
which run longitudinally, and which are closely interfelted. The cut 
ends of this stout layer, which is known as the elastic membrane of 
the bronchial tree, are well shown in figure IS, in the layer labelled "c.” 
It is continuous, as a distinct membrane, though diminishing in thick- 
ness, throughout the bronchial tree to the finer tubes, and in the lobule 
it blends with the other layers to form the network which is inter- 
woven with the muscle already described. This layer, of course, 
branches with the branching of the air tubes, and always keeps the 
same relation to the other la)'ers of the wall. It is plainly seen in all 
bronchi stained for elastic tissue. This layer can be dissected out in the 
fresh bronchial tree of a large animal such as the pig, and,then is found 



Fig. 16. — Spread preparation of elastic membrane from a large bronchus of 
the pig, stained with resorcin-fuchsin and teased, after having been cleared in oil 
of wintergreen. (Author’s material.) 

to possess the capacity to recoil, when stretched, in a marked degree. 
If stained with resorcin-fuchsin, and the fibers separated by teasing with 
needles in clearing fluid, as oil of wintergreen, after preliminary 
dehydration and treatment with benzene, a preparation is made which 
appears, under the microscope, as in figure 16. It will be noted both 
in this and in figure 15 that the ultimate elastic fibrils are fine, but of 
somewhat variable thickness, and that they branch characteristically; 
furthermore, they are grouped in fasciculi, which also branch. This 
provides for dilatation of the tube, in addition to lengthening. 

Outside of this elastic membrane is a la 3 'er of elastic fibers which 
run mainly circularly (fig. IS, d), and which are interwoven with the 
muscle, as already described. In the trachea thejr are plainly seen in 
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the flaccid part of the wall. They run through and through the muscle. 
This layer continues on into the lobule, and blends with the elastic 
membrane as described. The conspicuous network which it forms in 
the muscle of the lobule is seen in figure 17, from a preparation of the 
lung of the cat similar to that shown in figure 12, but stained specifically 
for elastic fibers. These two figures should be compared for an 
understanding of the relation of the elastic fibers to those of the muscle. 
A cross-section of the elastic tissue and muscle in the turtle, showing 
the elastic tissue with ends cut across, which appear in the figure as 
black dots, or star-shaped structures is seen in figure 18. As already 
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Thus there is in tJie lung a great nniscular organ, or, more accurately, 
a great elasticomusciilar organ, the general form of which is a replica 
of the entire bronchial tree. J f one were able to dissolve awaj' all other 
tissues from the bronchial tree except this organ, the form of the tree 
would still be preserved accurately and completely. It is a mere plati- 
tude to say that this organ is found in ail parts of the lung, for it, 
Itself, composes an integral part of the lung tissue. Indeed, the term 
lung tissue means nothing more nor less than the interdigitated, com- 
plexly branched, lung lobules, or terminal branches and leaves (alveoli) 



Fig 18 —Somewhat oblique section through clastic net of turtle lung, stained 
to show elastic tissue, which ajipears as dark dots and stellate structures. There 
IS a heavy band on the peripherj . Compare with figure 14, which shows the muscle 
in a similar piece of materia! (Author's specimen ) 

of the bronchial tree. If one could disentangle these lobules, with their 
associated blood and lymph vessels, nerves and supporting tissues from 
one another, there would be no ‘‘lung substance” left, apart from 
them. 

This organ forms an important part of the walls of the air con- 
duits, through which air is constantly ebbing and flowing. Because it 
is this type of motion, there must be provision for enlargement and 
diminution of the lumen of these tubes, and this recoil and motor mecha- 
nism is the basis for this provision. AH the space within the bronchial 
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tree save that within the alveoli is really the anatomic dead space, and 
that this is a variable space — not at all a fixed space as some believe 
will be shown. All lungs are built on this fundamental plan, even 
down to the most simple, as that of the frog. This motor orpn is 
found throughout all the lung-endowed group of animals ; it is universal 
in its distribution and may well be regarded as indispensable to life. 


FUNCTION OF THE BRONCHIAL MUSCLE 

The function of the bronchial muscle and its associated elastic tissue 
is bound up with the movements which occur in the bronchial tree. 
Those in which muscle action may be involved are as follows: (1) 
changes in length; (2) changes in width, and (3) peristaltoid 
movements. 

When one examines the roentgenographic, bronchoscopic and other 
evidence, it is found that there is, in inspiration, an elongation and a 
widening of the air tubes, and, in expiration, a shortening and narrow- 
ing of them. These movements occur, of course, only in active parts 
of the lung, that is, only in those parts of the lung into which air is 
entering, or from which air is leaving. It follows that, in ordinal}' 
quiet respiration, since some lung regions are quiescent, no movement 
of this kind will be found in the tubes supplying them, and, if the 
ebb and flow of air is slight in any region, there will be a corresponding 
slightness in the movement in that part; indeed, it may well be that 
changes in width, particularly, are at times absent. But the general 
principle remains that there can be no natural ventilation of any part 
of the lung without an elongation of the tubes supplying it. When the 
healthy lung is undergoing maximal ventilation, as in prolonged 
vigorous exercise, all the tubes, including the trachea and main bronchi, 
are stretched in inspiration, and are shortened in expiration. With the 
elongation there is widening, and with the shoitening, narrowing. 
When one stops to think about the matter, it is apparent that the lung 
could not be inflated if the bronchial tubes were rigid — like gas pipes, 
as Reisseissen® more than a hundred years ago, and as Chevalier 
Jackson’® recently, pointed out. Ventilation under such conditions 
would be limited to a thin layer of subpleural tissue. On the other hand, 
It is impossible to conceive of a lung, once inflated, as being deflated 
witbout a shortaiing of all of the tubes supplying the lung regions 
roni which air is flowing out. With inflow of air, then, into any part 
of the lung, there is elongation and widening of the tubes carrying 
lat air; an d, with outflow of air from any part there is coincident 

in den Bau der Lungen, Berlin, 1822 

I-aringof Tr. Am. 
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shortening and narrowing of the tubes. These movements are indis- 
sociable from respiration. 

In inspiration there is a flow of air into the lung because the 
pressure in the outside atmosphere is greater than that in the lung 
tissue. This air pressure distends the distensible parts of the lung 
lobule, and the effect of the swelling of adjacent air chambers is to 
stretch the tubes on which the^^ abut and to which they are attached. 
It also has the effect of dilating the air channels, which action, in the 
tubes of the lung lobule, is probably accomplished by the centrifugal 
pull on their walls arising from the distention of the outlying and 
attached air chambers. 

Now, in the elongation and dilatation of inspiration it cannot be 
said that the muscle plays an active part; on the other hand, the most 
that could be expected of the muscle is that it should relax, during 
inspiration, in order to offer no obstruction to the inflow of air. The 
myo-elastic tube, as we have seen, is built to permit ol being stretched, 
the meshes of the muscle opening out, and the longitudinal elastic tissue 
elongating. But in expiration it is another matter; the muscle is in a 
position to narrow and to shorten the tubes when it contracts. Its 
shortening action is slight, or perhaps almost nil, in the larger tubes; 
indeed, in the trachea, it can hardlj’’ exert any shortening influence 
except possibly slightly at the carina. But in the smaller tubes, where 
the strands run obliquely, contraction of the muscle must necessarily 
shorten them. An orderly, progressive contraction, beginning at the 
peripher}' of the air tube system and sweeping toward the trachea 
would diminish the volume of air in the bronchial tree, particularly in 
the peripheral part, or lung lobule. This movement must be sharply 
distinguished from a spasm of the muscle, particularly in the peripheral 
bronchioles, such as occurs in asthma, which has the effect of trapping 
air in the lobule and distending the alveoli, instead of evacuating the 
lung of tidal air. Such an orderly, expulsive, movement would act 
in conjunction with the elastic tissue. In inspiration the longitudinal 
fibers are put on the stretch by the lengthening of the tubes, and the 
circular and oblique fibers are similarly influenced by the dilatation of 
the tubes. In expiration, therefore, these stretched fibers recoil, and 
the tubes are shortened and narrowed. Indeed, most of the shortening 
action in the larger tubes is probably due to the recoil of the stretched 
elastic tissue. In the terminal chambers of the lobule, the alveolar 
sacs, the recoil of the elastic tissue and the contraction of the 
muscle have the effect of narrowing the mouths of the alveoli, chang- 
ing the latter from the shape of a saucer to that of a cup. In this 
way the alveoli are ventilated with little or no stretching of their walls. 
Indeed, the mesh of the myo-elastic net is a ring, surrounding the 
opening into the air chamber, and this ring may be looked on as 
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a sphiticter, although it never completely closes, but merely widens 
and narrows. This round-meshed fabric forms the tubular lining of 
the alveolar sacs and, even more typically, of the alveolar ducts. The 
dilatation and lengthening of this tubular network is accompanied by 
an opening up of the orifices into the air chambers, while, contrariwise, 
the shortening and narrowing of this net is associated with a narrowing 
of all of these openings. 

Thus, in inspiration, the entire bronchial tree, even to its end twigs, 
lengthens and dilates. Its capacity is increased — in forcible breathing 
greatly increased. This movement has been graphically shown by differ- 
ent methods at this meeting by Francis, Heinbecker and Hudson, the 
last mentioned using motion pictures made by a most ingenious method. 
In this way the air has freedom of entry, and the alveoli have efficient 
ventilation. In expiration the tubes shorten and become narrowed; 
the “dead space” is diminished, and the used air driven out. The 
greatest amount of volume change is in the lobule — ^the true pulmonary 
bellows. The lumen of this is the most variable part of the dead space. 
In this process of expulsion the elastic tissue, of course, plays an 
important part, but it seems within the bounds of reason to assume 
that the bronchial musculature may also act. The muscle system would 
thus function as a deflation agent. If it does not do so then this 
elaborate motor system must be looked on as being of use only in 
emergencies, or as having some mysterious function that is not at all 
understood at the present time. 

Peristaltoid Movement . — It has been known for some time that the 
bronchial tubes have a way of freeing themselves from harmful exu- 
dates, or injected foreign materials, other than by the act of coughing, 
or by the action of the cilia. This third device is a continuous wave 
motion, traveling from the periphery toward the center. It has been 
demonstrated by Reinberg,“ and by Bullowa and Gottlieb,^- in different 
animals by the use of x-rays after experimental procedures, and, more 
recently by Hudson, with motion pictures. This movement, undoubt- 
edly, is engendered by the bronchial musculature. It has been demon- 
strated only in the tubes of size sufficiently large for roentgen 
observation, but there is no reason to suppose that it is not also found in 
the smaller tubes, even to the ramifications of the pulmonary lobule. 
It must be looked on as an important safety mechanism of the lung, 
and it is probable that it is of invaluable aid in ridding the air passages 
of exudate, as in the later stages of pneumonia. This movement is 


Roentgen-Ray Studies on Physiology and Pathology of 
the Trachco-Bronchial Tree, Brit. J. Radiol. 30:451, 1925. 

12. Bullowa, J. G. HI., and Gottlieb, C: Roentgen-Ray Studies of Bronchial 
nclual runction, Laryngoscope 32:284 (April) 1922. 



1232 


ARCHIVES OF SURGERY 


said to be increased in gangrene and abscess of the lung, and to be 
diminished in bronchiectasis, where the muscle is degenerate. It 
undoubtedly acts in association with the cilia and with coughing. There 
has been demonstrated, too, b}' experimental procedures, a similar peris- 
taltoid movement, going on constantly but unobstrusively, under ordi- 
nary conditiojis, and seeming to act in gentiy waiting air outward. 
The true meaning of this is not known. Is it the same movement as 
that more forcible peristaltoid action which removes exudates? It 
would seem closely related. 

Other suggestions of uses for the bronchial musculature, particularly 
the more peripheral portions of this, have been made. For instance, 
it has been thought that, in some way, it might regulate the air tension 
in the alveoli. In the porpoise, Wislocki (who kindl}^ allowed me to 
read his unpublished manuscript) has recently shown that the sphinc- 
teric rings in the lobule are heavj', and can, apparently, close completely, 
thus locking air in the terminal chambers and preventing it from being 
forced out by the heavy external pressure to which the lung is sub- 
jected when the animal dives deeply. But this, as Wislocki properly 
observed, must be looked on as a special adaptation on the part of the 
porpoise. It does not seem at all likely that, in the land mammals, the 
rings of muscle in the walls of the alveolar ducts close at the end of 
inspiration ; rather it would seem that they remain wide open. 

Another function suggested is that of control of the airflow in the 
bronchial tree, like that of blood in the arterial sj'stem. It might be 
thought, for instance, that by relaxation of the system in certain parts, 
and contraction in others, the air might, under the control of the 
broncho-motor nerves, be diverted to special areas of the lung in the 
same way that blood is diverted through the action of the vasomotor 
nerves on the arterioles. This must be regarded as a speculation, at 
present. Though we know that much of the lung, under conditions of 
quiet breathing, is at rest, there is nothing to show that the air tubes 
in these quiescent parts are closed off through muscle contraction. It 
has been suggested, too, that indirectly the bronchial musculature may 
influence the blood flow in a somewhat similar manner, and that it may 
in this way, in some measure, have the effect of a vasomotor system. 

Nervous Control. — The bronchial musculature is richly supplied with 
nerves, both from the vagus and from the sympathetic S3'stems, and 
has both dilator and constrictor fibers. The vagus has long been looked 
on as a bronchomotor nerve, aiid its ramifications extend to the utter- 
most reaches of this 'motor system. It undoubtedly carries broncho- 

13. Wislocki, G. B. : On the Structure of the Lungs of the Porpoise (Tursiops 
truncatus). Am, I, Anat. 44:^’ ^luly IS) 1929. 
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constrictor fibers, and probably bronchodilators also. The functional 
character of the fibers varies in diiferent species. 

As for the afferent impulses from the muscles, there are those who 
regard the vagus as carrying some, at least, of these, and also those 
who deny such a role to this nerve. The sympathetic is also looked 
on as carrying afferent impulses. The literature on the subject of 
bronchial innervation is extensive, and references may be obtained in 
inv original article. Through the action of this system of nerr'es the 
various movements of the bronchial musculature are controlled, and the 
volume of the dead space influenced. 

That there is an elaborate system for coordinating the action of this 
musculature in the various movements described there can be no doubt. 
It is probable, too, that the functional condition of this motor organ, 
whether in relaxation or contraction, is made known to the central 
nervous system, and appropriate reflex action initiated, not only within 
the lung, but also in the thoracic wall and floor, i. e., in the muscles 
of inspiration. In this way, probably, there is brought about a coordina- 
tion between the intrapulmonary and extrapulmonary respiratory motor 
systems. When the intercostal muscles and diaphragm contract, and 
air enters the lung, the bronchial musculatvwe may be assumed to relax ; 
and, on the other hand, when the chest wall and floor relax, and when 
air is leaving the lung, there may be a reflex and orderly contraction 
of the musculature of the bronchial tree. Here is an interesting sug- 
gestion of an antagonistic action on the part of the intrinsic muscle of 
the lung in cooperation with the motor mechanism of the thorax that 
will hear further study. 

PHARMACOLOGY AND PATHOLOGY 

Pharmacology . — ^The enormous and important literature on the 
action of drugs on the bronchial musculature must be passed over 
I)riefly. The drugstuffs may be divided into the constrictors and the 
dilators. Five types of constrictors have been recognized, depending 
on their site of action, i. e., (1) on the vagus endings; (2) on the 
muscle itself; (3) on the sympathetic, producing inhibition; (4) on the 
central nervous system, and (5) on some unknown site. Most of these 
classes have numerous members. As for the bronchodilators, there are 
some seven types, as follows: (1) acting on the sympathetic nerve 
endings ; (2) inhibiting the vagus; (3) acting on the ganglion ceils; 
(4) acting on the muscle directory; (5) showing a reversible type of 
action; (6)^ showing a double action, constriction followed by relaxa- 
tion; and (7) those with an unknorvn site of action. 

The action of epinephrine is interesting, because it has been held 

n . in aspli\-xia, it is lilierated in increased amounts and it may thus. 
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through its bronchodilator action, be the active instrument in a safety 
mechanism, facilitating the air inflow in this emergency. 

Pathologic Changes . — Much has been written on the changes in the 
musculature in pathologic states. The spasm of asthma has been 
referred to ; it may be that this is relieved, in some cases, automatically 
by the physiologic outpouring of epinephrine. Hypertrophy of the 
bronchial muscle has been found at autopsy. In anaphylaxis, too, we 
have in animals showing a rich bronchial musculature a liability to 
anaphylactic phenomena centering in the lungs. Hypertrophy of the 
bronchial musculature has also been found in many other pathologic 
conditions, as brown induration of the lung, parasitic infections, 
desquamative pneumonia, etc. Atrophy' has also been described, as in 
bronchiectasis and emphysema, though, in cases of the latter, hyper- 
trophy has been found. 



Fig. 19. — (From Baltisberger, abb. 16, p. 278.) Drawing from a section of 
lung of human being, showing the interstitial muscle in the visceral pleura. The 
dark strands are muscle. OM indicates the superficial layer of musculature; TM, 
deep layer; h to h, lymphatics of superficial plexus; U, lymphatics of deep plexus; 
P, parenchyma of lung. 


INTERSTITIAL MUSCULATURE 

The system of fine wisps of muscle lying outside of the walls of 
the bronchial tree, known as the interstitial musculature of the lung, 
has been referred to. These filaments are seen in the interlobular 
septums, in the bronchial and vascular sheaths, and in the visceral 
pleura. This muscle is inconspicuous in any one point, but when 
considered in its entirety it forms an appreciable tissue element in the 
lung. A specimen from the visceral pleura is shown in figure 19. The 
function of these scattered fibers is not known, but may be assumed 
to be associated closely with that of the musculature of the bronchial 
tree. 
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CONCLUSION 

This broader conception of the bronchial musculature may be of 
help in attacking problems centering in the lungs, as those of pneumonia, 
tuberculosis, or the sudden phenomenon of massive collapse, or atelec- 
tasis, which has recently been written on at great length by a number 
of workers, and discussed at this meeting. There seems reasonable 
ground for assuming that this condition may be associated with a 
contraction of the bronchial musculature. With the reawakening of 
interest in this important motor organ, we may expect much new 
information of a practical character regarding its functions in the 
healthy lung, and its derangements in the pathologic organ. 



CIN-EX CAMERA STUDIES OF THE TRACHEO- 
BRONCHIAL TREE * ■ 


W. A. HUDSON, M.D 

. AND 

HANS A. JARRE, Isl.D. 

DETROIT 

The Cin-ex camera is an apparatus designed to secure rapidly serial 
roentgenograms on film bands with the hope of obtaining physiologic 
records along with the anatomic records. Dr. Jarre has had the proce- 
dure in mind for several years, but, only recently, our desire to record, 
if possible, changes in contour and size of the tracheobronchial tree 
during respiration, has led to the development of the apparatus which 
Dr. Jarre named the “Cin-ex camera.” We have endeavored to make 
successive records of functional changes at such short intervals as would 
enable us to interpret the motor phenomena themselves rather than to 
produce a true moving picture. The apparatus, together with some of 
the studies conducted up to that time, was presented to the staff of the 
Grace Hospital and the Detroit Roentgen-Ray Society on April 19, 1929, 
and will be described in detail in the roentgenologic literature. We are 
somewhat reluctant about promising too many advantages from the tise 
of this method of study, but, as we hope to point out, we feel that there 
are certain definite advantages to be had from its use. The value 
depends on the manner in which the method is applied and on the 
proper interpretation of the results. In our studies of the tracheo- 
bronchial tree, we have undertaken to apply this method of study to one 
of the more difficult subjects. 

Numerous observations have been recorded that would indicate the 
presence of a complex peristaltic action in the tracheobronchial tree. 
Chevalier Jackson ^ has repeatedly described a widening and narrow- 
ing of the bronchi as observed through the bronchoscope, and we are 
certain that all endoscopists have observed these changes. These are 
best illustrated by Dr. Jackson’s drawings to show the effects of these 
motions on the relationship of a peanut in the bronchus to the walls of 
the bronchus during inspiration and expiration ; that is, the presence of 
forcep spaces during inspiration and their absence during expiration. 

*From the Divisions of Roentgenology and Thoracic Surgery of the Grace 
Hospital. 

1. Jackson, Chevalier: Bronchoscopy and Esophagoscopy, ed. 2, Philadelphia, 
W. B. Saunders Company, 1927. 
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In 1920, Bullowa and Gottlieb - studied the tracheobronchial tree in 
dogs under the fluoroscope and by means of roentgenograms after the 
injection of the bronchial tree with an opaque medium. They described : 
(1) a bellows-like action of the trachea and bronchi (dogs under anes- 
thetic) which may be limited by contraction of the bronchial muscles 
and (2) a peristaltic action of the bronchial muscles which seemed to be 
adequate to empty the bronchi without involving ciliary motions. 

In 1922,= they continued their observations by cauterizing the 
bronchial walls, thus severing the musculature, and they found that this 
interfered with the emptying of the bronchus thus treated. They 
regretted' that they were not able to record frequently pictures with the 
x-rays so as to catch the changes due to motion. 

Heinbecker * showed by the use of injections of iodized poppy seed 
oil 40 per cent into the bronchi that a wider shadow is cast by the larger 
bronchi at the end of full inspiration than at the end of full expiration. 

Reinberg ° described a peristaltic wave which he said resembles that 
seen in the intestinal tract. 

William Shaw Miller,” after a long painstaking study of the anatomy 
of the musculature of the tracheobronchial tree, found that the bronchial 
musculature is arranged in a network of geodesic bands which prevent 
any tangental motion and in this way provides for the greatest amount of 
extension and contraction of the bronchi. 

The muscle ' bands form a sphincter about the openings of the 
alveoli into the bronchioli respiratorii and ductuli alveolares and also 
al)out the openings of the atria. He concluded that the action of the 
bronchial muscle in expiration is active and not passive, and he remarked 
that its action in the regulation of the tension of the air within the atria 
and air sacs deserved more attention. 

Macklin ® studied the elastic membrane of the tracheobronchial tree 
and concluded in 1922 that (1) the bronchial tree stretches during 
inspiration and contracts during expiration, the greatest excursion being 
at the terminal extremities of the limbs; (2) that with a rigid tube, like 
a gas pipe, expansion and contraction would be impossible and (3) that 

2. Bullowa, J. G., and Gottlieb, C. : Roentgen Ray Studies of Bronchial Func- 
tion. M. Rec. 97:251, 1920. 

3. Bullowa, J, G., and Gottlieb, C. : Additional Experimental Studies in 
nronclual 1- unction. Laryngoscope 32:284, 1922. 

4. Hcinlicckcr, P. ; J. Clin. Investigation 4:459, 1927. 

5. Reinberg, S. A.: Brit. J. Radiol. 30:451. 1925. 

1925 '^'^’ Lectures, 1924-1925; Am. Rev. Tuberc. 

/■Miller, William Shaw: Am. Rev. Tuberc. 5:689, 1921-1922. 

Macklin, C C: Anat. Record 24:119, 9122. 
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the main stem bronchi possibly shift forward and outward in inspiration, 
thus providing for expansion of the vertebral and mediastinal region 
of lung tissue. 

Macklin did not feel, at that time, that the view of Miller,^ and 
Keith," that there occurs a widening and narrowing movement at the 
angles between diverging bronchi, had been clearly demonstrated. In 
later observations, in which he made roentgen studies, in full inspiration 
and full expiration on the same subject, he described the following 
motions: (1) elongation of the trunk and its branches during inspira- 
tion and a corresponding shortening of these structures during expira- 
tion; (2) dilatation of the bronchi during inspiration, narrowing during 
expiration ; (3) a downward motion of the lower end of the trachea, and 



Fig. 1. — Normal right lower bronchus, mapped out by iodized oil, showing two 
extreme phases of one respiratory cycle, A indicating deep inspiration and B com- 
plete e.vpiratfon. The following should be noted : 1, difference in size and shape 
of the marked bronchus; 2, effect of rotation on relationship of bronchi; 3 and 4, 
approximation of the marked bronchi and differences in width and shape ; 5, angle 
changes from 42 to 60 degrees and 6, separation and overlapping of the terminal 
bronchi during different phases of respiration. 

main bronchi and lung root, in passing from expiration to inspiration, 
and an upward movement in passing from inspiration to expiration and 
(4) the interbronchial spaces show widening in inspiration without 
material alteration of direction of the bronchi. 

In January, 1929, Macklin gave a most extensive review of the 
literature on the musculature of the bronchi and lungs. 

9. Keith, A.: The Mechanism of Respiration in Man; in Further Advances 
in Physiology, G. L. Hill, 1909. 

10. Macklin, C. C. : Physiol. Rev. 9:1 (Jan.) 1929. 
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In 1925, McClintock,!' in a study of the anatomy of lobar pneumonia, 
concluded that the lung possesses a peristaltic mechanism. 

Thus it will be noted that there have been ample observations to indi- 
cate the presence of motion in the tracheobronchial tree. There has 
been some variance in opinion as to the exact nature of this motion, 
and it remains for us to record the different phases of the motions before 
we can properly interpret them and set aside these variances. 

We must Avarn physicians not to expect such striking motor 
phenomena in the tracheobronchial tree as can be observed in the stomach 



Fig. 2. Demonstration of the functional behavior of a normal right lower 
bronchus (fiUcd with iodized oil) during one reipiratory cycle. (Section from a film- 
and 8 inches by 20 feet obtained with the Cin-ex camera.) 


or intestines, as we are dealing with a smaller body of muscles and a 
smaller lumen in the object being studied. 

It is obvious that the influence of this mechanism, when applied to a 
pscous body, will be manifest in a manner different from that when it 
IS applied to a liquid or viscid body. Again one might assume that the 
c ue iniluen ce of any form of immobilization of the lung will be exerted 

P 613 Anatomy of Lobar Pneumonia, Michigan State M. J„ 1925, 
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on the passive elements of motion, while the active elements of bronchial 
motion will remain, and might in time compensate in part for the lost 
passive motion. 

In our studies we first used a normal dog weighing about 10 Kg. 
We made a series of e.xposures at the rate of one per second, following 
which 10 cc. of iodized oil was allowed to flow into the tracheobronchial 
tree and the records continued. A difficulty encountered in this work 
was the rapid respiration in the dog. This led us to make studies on the 
human subject, who can regulate his rate of respiration. We have found 
this to be an advantage in that the slower rate of respiration permits 
more exposures during a single respiratory cycle. 



Fig. 3. — Demonstration of the functional behavior of an ectatic bronchus dur- 
ing respiration and gradual influx of iodized oil. (Sections from a film-band 8 
inches by 20 feet obtained with the Cin-ex camera). 


Serial x-ray pictures of the chest of a dog, made at the rate of one 
each second and with an exposure of one tenth of a second, revealed no 
abnormal markings, and it was particularly noted that the movement of 
the wall of the chest and the contents of the thorax during respiration 
caused no blurring of the pictures that interfered with the interpretation 
of the shadows present. The first series of x-ray pictures consisted of 
twenty-four exposures completed within twenty-four seconds from the 
time of the first exposure. 

We next passed a small rubber catheter through the dog’s lar 3 ’ngeal 
aperture into the trachea and made a second series, while 10 cc. of 
iodized oil was allowed to flow into the right stem bronchus. We have 
seen in this series of x-ray pictures that there occur regularly, along the 
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secondary bronchi, points of narrowing, this phenomenon being present 
chiefly during expiration; during inspiration, the walls become parallel 
to each other or nearly so. This phenomenon, as we have seen it m the 
dog is not so clearly defined as we would like it to be. As the number 
of exposures which we were able to make during a respiratory cycle was 
limited by the frequency of the dog’s respiration, we next turned our 
attention to the human being. We hoped that by so doing we might be 
able to secure more exposures during a respiratory cycle and to obtain 
more clearly defined evidence of motion inherent in the bronchi. 

The first subject was a woman about 22 years of age. She was in 
good health and entirely free from any symptoms of pulmonary 
infection. 



Fig. 4. — Demonstration of tbe functional behavior of an asthinatic-spastic- 
broiichus during respiration and gradual influx of iodized oil. (Sections from a 
film-band S inches by 20 feet obtained with the Cin-ex camera.) 


Roentgenograms made immediately before the injection of iodized oil 
revealed no abnormal markings within the pulmonary field. Serial 
studies made while iodized oil was allowed to flow into the right 
stem bronchus through a catheter revealed a number of interesting 
facts; 


I. I here were noted regularly occurring narrowing, of all bronchis 
which seemed to originate in the peripheral portions of the bronchial tree 
and to be associated with the propulsion of the oil toward the trachea. 
nVc also observed that this phenomenon was not of equal intensity in 
all parts of the bronchial tree at any one time. The regularity with 
vduch these narrowings occurred was such that one could determine the 
phase of respiration during which any given roentgenogram was made 
>\ their appearance. During inspiration the walls of the bronchi were 
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for the most part parallel and showed but few irregularities, while 
during expiration the walls lost their parallel relationship and just at 
the end of expiration seemed to come so closely together in some areas 
that they almost touched each other. We interpreted this phenomenon 
as evidence of a peristaltic-like action of the musculature of the tracheo- 
broncheal tree. From its influence on the oil in the tracheobronchial 
tree it would seem that it was sufficient in itself to empty the bronchial 
tree of secretions under ordinary circumstances without invoking 
other aid. 

2. We also saw in these studies an alteration of the angles of diverg- 
ing bronchi of the lower lobes. During inspiration the angles became 
smaller, that is, of an acute nature, while during expiration they became 
greater. We noted changes in one angle from 41 to 81 degrees. The 
question immediately arises as to whether or not a rotation of the 
bronchial tree might not account for these changes in the angle. It is 
evident that rotation would cause apparent, but not true, alteration, in 
the size of the angles of diverging bronchi. At the same time, however, 
were the changes due to rotation, we would expect to see some angles 
become smaller while in another part of the field we would see the 
opposite. In these studies there was noted a uniform alteration of the 
angles in all parts of the field being studied. For this reason we feel 
that rotation is not sufficient to account for the changes noted. 

3. Definite evidence of rotation of the tracheobronchial tree was seen. 
This was best brought out, in the lower lobes, by the appearance and 
disappearance of certain bronchi from the line of vision during the 
respiratory cycle. Rotation was seen to be from the back to the front 
during inspiration with a definite element of descent associated with the 
movement, so that the movement struck a curve simulating closely a 
corkscrew turn. 

4. The tracheobronchial tree was seen to shift in a proximal distal 
direction during inspiration and in the opposite direction during expira- 
tion. The shift was over a distance of at least one-half inch, as deter- 
mined by measurements taken from the last cervical spine to a point in 
the upper portion of the bronchial tree of the lower lobe, the shift being 
at least three times greater for those points in the most peripheral por- 
tions of the same lobe. We must bear in mind that this shifting of the 
bronchial tree is intimately associated with the rotation movement of the 
lung and that it, together with the rotation, undoubtedly plays a big part 
in providing space for expansion of the lung. 

5. In addition, the bronchi, particularly those lying obliquely or 
parallel to the diaphragm, were seen to approach each other closely 
during expiration and to become widely separated during inspiration. 
The opposite was true of those bronchi which were perpendicular to the 
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diaphragm. In each case the movements closely simulated the opening 
and closing of a fan. 

6. The position of the diaphragm and the position and relationship of 
the ribs during the different phases of respiration were recorded. 

7 The influence of cough on the degree of bronchial spasm was seen, 
and it was particularly noted that a suppressed cough can force material 
into the alveoli, though in a normal person most of it enters the trachea. 

It is evident that the foregoing demonstration of a motor phe- 
nomenon in the tracheobronchial tree will be of more value if we are 
able to show a practical application of the information obtained. There 
are certain conditions under which one might expect to find interference 
with this motor phenomenon. For instance, in those cases of pulmonary 
suppuration of long standing, particularly those spoken of as chronic 
bronchiectasis, we might expect to find that the action of the bronchial 
musculature has been, to say the least, inhibited. We accordingly made 
a study of such a case. A girl, aged 17, had a cough productive of large 
amounts of thick yellow sputum over a period of from ten to fourteen 
years. Bronchoscopic examinations showed the pus to be coining chiefly 
from the posterior portions of the left lower lobe. Serial studies 
revealed : a large gas pipe-like bronchus leading to the posterior lateral 
portion of the lower lobe in which no evidence of bronchial spasm was 
seen. In fact, with respiration, iodized oil seemed to accumulate in this 
area rather than to be forced out as in the normal lung. In the lung 
field, adjacent to this bronchus, some irregularities in the bronchial walls 
were noted that might be interpreted as bronchial contractions, but these 
were definitely inhibited. From these observations one might conclude 
that the grossly involved portion of the bronchial tree would require 
eradication before the patient could be freed of her symptoms, whereas 
those portions of the lung which show some evidence of remaining, 
physiologic motility might be treated more conservatively. 

We also made studies on a man, weighing 170 pounds, who had been 
told by his clinician that he had asthma. We passed a bronchoscope on 
this patient and repeatedly encountered sufficient bronchial narrowing of 
a spastic character to make it difficult to enter the stem bronchi. At the 
same time we clearly demonstrated that the lumen of the bronchi was of 
sufficient caliber to take a 7 mm. and even a 9 mm. bronchoscope. Serial 
studies were made in the same manner as in the normal subject and we 
obscrv’cd; A marked degree of bronchial spasm which prevented the oil 
from entering any of the terminal bronchioles. The spasm was seen to 
involve the entire bronchial tree so far as the oil had been permitted to 
enter and in addition to the general spasm of the bronchial tree we saw 
segmentation of the bronchi so that the secondary bronchi had an annear 
ance sunfiar to a siring of sausages. It is apparent that with Lch a 
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degree of narrowing of the bronchia! tree the patient will receive relief 
from his symptoms when the bronchial obstruction is relieved. It is not 
within our province today to discuss the manner in which relief is to be 
obtained. 

In the animated films one observes the same changes in position, size 
and shape of the bronchi as brought out in the study of the film slides. 
As we said in the beginning, we did not begin the work with the idea of 
producing a true moving picture. However, the animated film does make 
the element of motion more strikingly evident to one spending but a few 
moments on the subject. 

While we have been able to demonstrate definitely certain types of 
motion in the tracheobronchial tree, we feel that this is only the begin- 
ning of the study of this subject. We do not feel justified in forming 
conclusions at this time; but we have felt that we are justified in present- 
ing these studies in order to make the method known. We shall without 
doubt find it necessar}' to add to and take from our impressions as we 
make further observations. 

ABSTRACT OF DISCUSSION 

ON PAPER UY DR. MACKI.IN AND THAT BY DRS. HUDSON AND JARRE 

Dr. E. a. Graham, St. Louis: As usual, after such a demonstration as this, 

I should like to add my praise. I think the society owes Dr. Hudson and his 
associate a vote of thanks for these pictures; also to Dr. Macklin for coming 
here and giving us the benefit of his e.xfensive research, which has continued over 
a long period of years. 

Dr. Cutler and I were both curious, Dr. Hudson, to know whether or not in 
taking any pictures of this last patient (I mean the patient with the spasm) you 
used any epinephrine or ephedrine and then took some more pictures; or have 
you done that on any asthmatic patients? 

Dr. Hudson : That is one of our future problems, Dr. Graham. 

Dr. C. C. Macklin, London, Canada : I wish to thank the association for the 
invitation to address you here, and I also wish to congratulate Dr. Hudson for 
his series of pictures. His views are illuminating to me, and I am sure they 
have brought to your minds a new conception of the changes which go on in the 
bronchial tree in the process of lung inflation and lung deflation. 

There is one point I should like to bring up, and that is the necessity of dis- 
sociating accurately the behavior of the bronchial tree, on account of the presence 
in it of what one might call foreign substance, from its behavior due to normal 
respiratory action. 

The work of such men as Bullowa and Gottlieb emphasizes the occurrence of 
peristaltoid action in the bronchial tree. I am just wondering how much of the 
change seen in these shadows is due to the effort of the bronchus to relieve itself 
of this oil. 

Dr. William Hudson, Detroit ; I have little to add, e.xcept that I should like 
to answer Dr. Macklin’s question. 

As I said in conclusion, there are a good many problems that will be coming 
up and that are already before us at this time. Dr. Graham has mentioned one 
of the problems. We hope to undertake immediately the study of the use of 
epinephrine and other drugs to see what their action is on this spastic bronchus. 
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Tlie other is this condition in the extremely dilated bronchus, for instance. 
What would be the effect of a phrenicectomy on that patient, and the action of 
that bronchus? What would be the effect of draining that bronchus and allowing 
continued drainage over a long period of time so that the infection has disap- 
peared, and then repeating the study to see if there is any return of the embolus 
of muscular contraction? We should see if the marshy area above there would 
return to a normal condition. 

In reference to Dr. Jlacklin’s question about the foreign substance, it was 
necessary to introduce some substance that could be visualized. It is not exactly 
an ideal situation, but it is the one which is most available and, as I pointed out 
in the beginning, it is evident that the influence of the mechanism as we have 
pictured it when applied to a gaseous body or to a liquid body or to a viscid body 
would be different in any one of those conditions. If we used an irritating gas, 
it is obvious that the mechanism, if present, would be called into more apparent 
workings. 

Dr. Jarre has devoted a large amount of time to the development of the 
mechanism wherebj' we have been able to record these pictures. We have brought 
some of the original exposures on the film bands, which were made especially for 
tis, and we should be glad to have you see them after the meeting-, is over. 



THE PRODUCTION OF INTRAPULMONARY SUPPURA- 
TION BY SECONDARY INFECTION OF A 
STERILE EMBOLIC AREA 

AN EXPERIMENTAL STUDY * 

EMILE HOLMAN, M.D. 

AND 

MARY E. MATHES, M.D. 

SAN FRANCISCO 

In a previously described series of experiments,^ it was found that the 
introduction into the venous circulation of an embolus infected with 
pyogenic organisms may be followed by widely differing pathologic 
changes in the parenchyma of the lung (fig. 1). Around the 
invading embolus tliere mz.y occur a local consolidation and transient 
pneumonitis with complete and early recovery and with no permanent 
pulmonary damage. Hemorrhagic infarction may occur followed either 
by a cicatrizing resolution or by the formation of an abscess in the 
infarcted area. Occasionally, there develops a massive hemorrhagic 
consolidation of the lobe in which the infected embolus lodges, invariably 
followed by death. 

In attempting to explain the varying results produced by identically 
infected emboli, differing degrees of thrombosis within the pulmonary, 
vessels were postulated. If thrombosis should proceed only distally from 
the embolus, simple infarction might be expected, whereas thrombosis 
both proximal and distal to the embolus might lead to an extensive 
hemorrhagic consolidation of the entire lobe. 

To amplify our observations and to confirm or to disprove the fore- 
going assumptions, experiments were undertaken to determine the exact 
conditions present within the pulmonary vessels following the simul- . 
taneous introduction of infected and sterile emboli into the same animal. 

The unexpected development of an infarction and an abscess in 
sterile embolic areas, due to a bacteremia from the infected embolus, led 
to other experiments involving two sterile jugular emboli followed or 
preceded by the introduction of bacterial emulsions into the femoral vein. 
Again abscesses occurred in the sterile embolic areas. 

* From the Laboratory for Surgical Research, Stanford University Medical 
School. 

1. Holman, E. ; Chandler, L. R., and Cooley, C. L. : Experimental Studies 
in Pulmonary Suppuration, Surg. Gynec. Obst. 44:328 (March) 1927. 
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METHOD 

The experiments were performed on dogs under ether anesthesia. The embolus 
was prepared as originally described for the production of pulmonary abscesses. 
The jugular vein was isolated, two segments excised and identically prepared, 
except that one contained one lead shot and was infected with Staphylococcus 
aureus, Streptococcus nonhemolyticus and Bacillus colt, whereas the other s^- 
ment of vein contained one and one-half pieces of lead shot and was sterile. The 
three aforementioned strains of organisms were maintained at approximately 
unvarying virulence by subcultures, and the same strains were used throughout. 
The sterile embolus was introduced into the proximal end of the divided jugular 



■ l‘‘~^°”^'Senograms of excised specimens to show the varied effects of 
m ec c( jugular emboli ; a, complete hemorrhagic consolidation with death after 

oruir^''; , ■ formation after nine days; c, complete res- 

lor.itioii of lung to normal after sixty-three days. 


which 1 1 during 

2 tune he thorax was occasional},- shaken to insure the onward progress 
of the embolus through the heart and thence into the lungs. The aniLf 

po" Srin- dii^proced introduced. It was usually 

i^_J^tlus procedure to control the ultimate lodgment of the embolus in 

2. Hoi, nan, £ . Wcidlcin, I. F., and Schlucter S A • A Vr a r 
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opposite pulmonary fields, and the subsequent identification of the emboli was 
made possible by the differences in the shot. 

The animals were killed at varying periods and the condition of the pulmonary 
circulation investigated by injecting Hill’s mass,’ which is a suspension of 17 
per cent bismuth oxychloride in a 10 per cent solution of gum acacia. This mass 
fills the arterial tree down to, but not including, the capillary bed. The thorax 
was opened exactly in the midline of the sternum, and the descending aorta beyond 
the third intercostal was ligated, as were also the right innominate, the left sub- 
clavian, the left carotid and both vertebral arteries. These ligations permitted 
the complete injection, at a pressure of 160 mm. of mercury, of the bronchial 
arteries through a cannula introduced into the ascending aorta. The lungs and 
heart were removed en masse, the lungs were inflated and kept inflated by an 
intrabronchial pressure of 10 mm. of mercury. Roentgenograms of the injected 
bronchial arteries were made. Then Hill’s mass was injected into the pulmonary 
artery, at a pressure of 60 mm. of mercury, the lung being kept inflated during 
and after the injection. Again roentgenograms were made. 



Fig. 2 (Animal K 6). — Roentgenograms of the isolated lobes twenty-four 
hours after the introduction of jugular emboli : a, infected embolus with pneu- 
monitis surrounding it completely occluding the pulmonary artery ; b, sterile 
embolus with no reaction about it but complete occlusion of the pulmonary artery. 


PROTOCOLS 

The following protocols illustrate our results : 

Animal K 6. — On Sept. 5, 1928, two emboli, the first one sterile and the second 
one infected, were introduced into the jugular vein. Twenty-four hours later, 
the animal was killed with chloroform. At necropsy, the pleural cavity was clear, 
without adhesions. The upper lobe contained a segment involving almost a third 
of the lobe, which was firm, edematous and red with extravasated blood, evidently 
an infarction produced by the infected embolus. There was no evidence on the 
surface of the sterile embolus, the remainder of the lung appearing normal. The 
injected specimen (fig. 2) showed that the sterile embolus had lodged in the right 
upper lobe occluding a second degree branch of the pulmonary artery. A similar 

3. Hill, Eben : A Radiopaque Bismuth Suspension for Anatomical and Patho- 
logical Research, Bull. Johns Hopkins Hosp. 44:248 (April) 1929, 
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occlusion had been produced in the left upper lobe by the infected embolus, the 
artery being occluded for about 1 cm. proximal to the embolus by a 
thromtosis.^ On cut section, the lobe containing the sterile embolus showed no 
reaction about the shot, whereas the lobe with the infected embolus showed a 
mottled, yellowish-brown and red area extending out to the periphery from about 
the center of the lung. There was no abscess, but a marked pneumonitis and a 
hcmorrliagic infiltration of the parenchyma surrounded the shot for several centi- 


meters. 

Animal K 19.— On Xovemher 7, two emboli were introduced into the jugular 
vein the one sterile and the other infected. Within eighteen hours the temperature 
Iiad' risen from 3S.5 to 41.5 C, the pulse rate from 144 to 180 and respirations 
from 28 to 64. The dog died twenty-four hours after the introduction of the 
emboli. At necropsy, the left pleural cavity contained considerable purulent bloody 
fluid. The left lower lobe, which contained the infected embolus, showed an 
c.vfcnsive hemorrhagic consolidation, although part of the lobe was still air- 
containing. The right upper lobe contained the sterile embolus, but there was no 
evidence of its presence until the pulmonary artery was injected, when it was 
sharply outlined by its lack of injection. 

.•\ lilood culture made after the death of the animal showed a growth of all 
three organisms contained in the infected embolus, namely, Staphylococcus aureus, 
Streptococcus mnhcuiolyticus and Bacillus coli. 

The injection of the bronchial artery showed no dilatation, and the pulmonary 
nriery showed good injection up to within 1 cm. of the infected embolus. There 
was no injection of the pulmonary artery beyond either the sterile or the infected 
emiiolus. , 

There was n hemorrhagic consolidation of a portion of the left upper lobe 
contiguous to the consolidated lower lobe. This pneumonic arch in the left upper 
lobe showed good injection of the pulmonary artery. 

Two other animals, K 7 and K 21, both of which died forty-eight hours after 
the introduction of the emboli, showed a hemorrhagic consolidation of the lobe 
containing the infected embolus, and the pulmonary artery in each instance 
showed good injection up to within I cm. of the embolus. Moreover, in all three 
instances, a massive consolidation occurred in other lobes besides those containing 
the emboli and a good injection of the pulmonary artery in these lobes was 
obtained. 


Animal K 22.— On Nov. 19, 1928, a sterile and an infected embolus were 
introduced as already described. Twenty-four hours later the temperature had 
risen from 35.6 to 39 C,. the pulse rate from 112 to 136 and respirations from 
20 to 32. The dog was killed witli chloroform four days after the introduction 
of the emboli. At necropsy, the left lower lobe contained a pyramidal-shaped 
area of liver-like consistency, which showed on the surface as a bright red, 
'lightly depressed area. There was no evidence of the sterile embolus on either 
or ios]'veciioi^. 


riKiitgcnogram made after the injection of the bronchial artery showed both 
( in sdi in the left lower lobe ivith a marked consolidation and beginning abscess 
orm.ntion around the infected embolus and no change about the sterile embolus 

dilatation of the artery leading to the infected 
Vh-'r' i'”' ‘ ’ '‘'■anch leading to the sterile embolus 

aim ‘I'c injection of the pulmonary artery showed 

• buoM complete fiHmg of the hronchwl and alveolar spaces in this lobe due to =, 
-"'mumcatum between .a bronchus and the pulmonary arLy at tilf sitf ofibe 
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abscess. A cut section through the lobe showed a small abscess lying at the 
apex of a wedge-shaped triangular area of hemorrhagic infarction. There was 
no reaction about the sterile embolus. 

Animal K 20.— The usual two emboli were introduced, and the animal killed 
eight days later. At necropsy, the left lower lobe, in which lay the infected 
embolus, contained a firm section 2 cm. in diameter, presenting on the surface 
as a red, slightly depressed area. The right lower lobe contained the sterile 
embolus, as disclosed on the surface by a pyramidal-shaped area slightly paler 
than the rest of the lung 


r~r ' 



.fe' 


Fig. 3 (Animal K 22). — Roentgenogram of the entire lung following injection 
of the bronchial artery four days after the introduction of jugular emboli; a, 
marked pneumonitis with small abscess formation about the infected embolus; 
b, no reaction about the sterile embolus. Note the normal size of the bronchial 
artery leading to the sterile embolus, and the beginning dilatation to the infected 
embolus. 

The roentgenogram taken after injection of the bronchial artery showed a 
remarkable dilatation of the bronchial artery leading to the lobe containing the 
abscess (fig. 4)- In the region of the abscess there was demonstrated a definite 
anastomosis between the bronchial artery and the pulmonary artery, as shown by 
a localized injection of the latter through the former. A definite dilatation, though 
not so marked, also characterized the bronchial artery leading to the sterile 
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emboli, but not beyond them. The cut section showed marked destruction of 
pulmonary tissue beyond the infected embolus, and a typical hemorrhagic infarc- 
tion beyond the sterile embolus. 

Before death, a blood culture in this animal was positive for all three organ- 
isms originally introduced in the infected embolus. It may be inferred, therefore, 



Fig. S (animal K 17). — Isolated lobes removed eight days after the introduction 
of jugular emboli: a, gangrene and multiple abscess formation distal to the infected 
embolus; b, hemorrhagic infarction distal to the sterile embolus; o' and b' show 
the cut sections, 

that the hemorrhagic infarction caused by the sterile embolus was due to secondary 
invasion of the embolic area by circulating organisms. 

Animal K 18, — Two emboli, one infected and one sterile, were introduced in 
the usual manner on November 7, and the animal killed fifteen daj's later. At 
necropsy there were no adhesions or fluid in the pleural cavity. In the left lower 
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lobe wlifch contafned tl,c infected embolus, there ^vas a scarred area about 4 by 2 
cm. ’in sire, firm, deep red and somewhat depressed after inflation of the lung. 
Before inflation, tlie site of the sterile embolus could not be detected, but after 
inflation the right upper lobe showed a pyramidal-shaped area, slightly paier than 
tlic rest of the lobe. Injection of the bronchial artery showed moderate dilatation 
of bolli branches leading to the lobes containing the emboli, and less marked in 
the lobe containing the sterile embolus. 

Tlicrc was a slightly increased density about the infected embolus, but the 
pulmonary field around the sterile embolus was normal. The pulmonary artery 
showed filling up to both emboli, but not beyond them. The cut section of the 
lobe containing the infected embolus showed no abscess cavity, but the pulmonary 
tissue beyond the embolus was slightly discolored by blood pigments and was 
definitely more fibrous than the normal lung. The embolic area beyond the sterile 
embolus was normal. 

Comparable observations with almost complete return to normal of the lung 
beyond tlie infected and sterile emboli were made in three other animals; K 11 
(twenty-four day specimen), K 12 (twenty-seven day specimen) and K 35 (ninety 
day specimen). 


AKi>fAL K 20.— Two emboli, one infected and one sterile, were introduced into 
llic jugular vein on December 3. Four days later the animal was very ill with 
a fever of 40.4 C, a pulse rate of 136 and respirations 56. The animal remained 
quite ill until it was killed fifteen days after the introduction of the emboli. 

At necropsy, there was a small amount of slightly cloudy blood-stained fluid 
in each pleural cavity. The pericardium was thickened, red and furry on its 
pleural surface. In the loft lower lobe, which contained the infected embolus, 
there was a well defined, firm, dark red segment, with ulceration of the viscera! 
pleura due to destruction of underlying pulmonary tissue. The cut section showed 
multiple abscesses in this area (fig. 6). 

Similarly, in the right lower lobe, which contained the sterile embolus, there 
was a firm, dark red section, also ulcerated on its surface with several small 
fluctuating abscesses presenting on the surface. On cut section, one large abscess 
and several smaller abscesses were present. The bronchial artery was greatly 
dilated in the hrnnciic.s leading to the lobes containing the emboli, the pulmonary 
artery being uninjcctcd licyond the emboli. There was apparently a thrombus in 
the pulmonary artery 2 cm. proximal to the infected embolus. 

Again the development of abscesses in the embolic area beyond the sterile 
cnihohis can be c.vplaiiicd only on the basis of secondary invasion of this area 
by circulating organisms liberated by the infected embolus. A blood culture two 
d.ay.s after the introduction of the emboli was sterile. Unfortunately no other 
cultures were made, hut from previous experiences’ one may infer the presence 
of a Iwctcrcmia due to the abscess produced by the infected embolus. 


.'\nim.\i. K 25.— On Dec. 3, 1928, two emboli, one infected and the other sterile, 
were introduced into the jugular vein. Three days later the animal was quite ill, 
the_ temperature having risen to 40.6 C., the pulse rate to 160 and respirations 
o .•'0. blood ciihurc was positive for nonhemolytic streptococcus. Thereafter 
there occurred a gradu.al improvement, but with the loss of considerable weight 
mu! .a pcrsistcm cough. After ibirty-onc days, the animal appeared normal and 
was killed. ..\t necropsy, ,l,c left lower lobe was firmly adherent to the diaphragm 

a trg. rou'1' I’/’"' adhesions was 

r f , 1 ^'' • " ‘•'ameter, which proved to be the location 

uv>rl'^'”*^"^'• ''tflation, the left lower lobe showed 

'U retnactinn .and dimmutioii in volume. Tlie location of the sterile embolic 
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area was disclosed by a slightly paler color to the surface of the tip of the right 
upper lobe. The left upper lobe, contiguous to the lower lobe, showed a red 
retracted area, undoubtedly the site also of a localized pneumonitis. This involve- 
ment of a lobe adjacent to an infected area in another lobe has been frequently 
noted and its explanation is still wanting. 

The bronchial artery leading to the lobe that contained the embolus was enor- 
mously dilated, forming a thick network of vessels around the bronchus and 
completely surrounding the abscess cavity which had a diameter of about 2.5 by 
3 cm. The pulmonary artery showed no filling beyond either embolus. 



Fig. 6 (animal K 26). — Cross-sections of lobes removed fifteen days after the 
introduction of jugular emboli: a, mottled infarction and multiple abscesses distal 
to the sterile embolus ; b, multiple abscesses distal to the infected embolus. 

The cut section showed a large raultilocular abscess with little inflammation 
in the lung surrounding it, and with no communication to a bronchus. The lung 
around and beyond the sterile embolus was normal. 

Animal K 35. — This animal was killed ninety days after the introduction of 
a sterile and an infected embolus. The necropsy revealed an almost normal 
appearing lung in the deflated state, but after inflation the two embolic areas were 
revealed as being slightly paler than the lung proximal to the emboli. 

The bronchial artery leading to the lobe containing the sterile embolus was 
dilated from four to five tiroes its normal size. The pulmonary artery distal to 
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this same sterile embolus showed practically no filling. On the other hand, the 
bronchial artery leading to the lobe containing the infected embolus was about 
normal in size, and the pulmonary artery distal to the embolus was almost com- 
pletely filled by the development of an extensive collateral circulation through 
anastomosing pulmonary vessels. The main pulmonary artery leading to the 
embolic area was still completely occluded by the embolus. 

A cut section through the sterile embolic area showed the embolus surrounded 
by a fibrous thin wall and normal pulmonary tissue. A section through the 
infected embolic area showed no abscess, but a slight fibrosis of pulmonary tissue 
beyond the embolus. 



f \ K 25).— Inflated long showing marked shrinkage and retraction 

abscess produced by the infected embolus. The 

^ detected in the deflated state, and presented only 

as a slightly paler area in the inflated state. 


Comment.—K review of the experiments undertaken thus far shows 
the iollowing results : 

In eight normal animals that received simultaneously two sterile 

orgasm. IS: 

mi f ^ hemorrhagic infarction. Occasionally 

surface of the embolic area, one observed a slightly paler color 
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than normal, and on cut section one noted a slight edema with an altered 
pigmentation, indicative of a hemorrhage into the pulmonary tissue. 

A striking fact was the absence, in most instances, of all evidence of 
the site of the embolic area, due to the sterile embolus when the lung was 
examined in the deflated state. Usually, but not always, inflation to a 
normal degree of 10 mm. of mercury disclosed the location of the 
embolus by a slightly paler color of the surface of the lung distal to 
the embolus. The clinical importance of this observation is apparent 
when one considers that most pathologists examine the lung only 
in the deflated state, and undoubtedly many sterile embolic areas are 
therefore overlooked. 

In a series of thirty-two animals that were killed more than four days 
after operation and that had received simultaneousl}^ one infected and 
one sterile embolus, hemorrhagic infarction and abscesses were pro- 
duced by the infected embolus in all but four instances. In these four 
animals killed fifteen, twenty-four, twenty-seven and ninety days after 
the introduction of the emboli, there was evidence of an old hemor- 
rhagic infarction which had undergone resolution and healing by fibrosis. 

In the three animals that died within forty-eight hours after the 
introduction of the emboli, there occurred massive hemorrhagic con- 
solidation of the lobe containing the infected embolus. 

The thirty-two sterile emboli produced in all but two instances no 
more alteration in the pulmonary tissue than a slight edema and a slight 
hemorrhagic infiltration, and often there was no evidence that even 
these changes had occurred. In one animal, however, that received 
both an infected and a sterile embolus, there occurred not only an abscess 
about the infected embolus, but also a typical hemorrhagic infarction 
distal to the sterile embolus. Such an infarction was produced in other 
instances only by an infected embolus, and as this animal, in common 
with many other examples, showed a blood culture positive for all three 
organisms originally introduced in the infected embolus, we are justified 
in assuming that the embolic area became secondarily infected by organ- 
isms circulating in the blood stream. Similarly, in another animal, K 26, 
there occurred multiple abscesses, not only in the embolic area distal to 
the infected embolus, but also in the area distal to the sterile embolus, 
which presumably become secondarily infected by organisms circulating 
in the blood stream. 

Acting on the observations made in these two instances, sixteen other 
animals received two sterile emboli each, followed at varying intervals 
by the intravenous injection of 1 cc. of a bacterial emulsion. In one 
animal (K 56), two sterile jugular emboli ware introduced, followed 
immediately by an injection into the femoral vein of a thin bacterial 
emulsion of Staphylococcus aureus. At necropsy, twenty-two days later, 
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an abscess was found containing one of the sterile emboli, whereas the 
lung in the region of the second embolus reniamed unchanged. 

It is an arresting fact that in spite of a definite bacteremia inten- 
tionally produced following the introduction of the sterile emboli, there 
occurred only this one example of lowered resistance in the region o 
the embolus, as demonstrated by the formation of an abscess. Pre- 
sumably the double blood supply to the lungs (3 and 4) is partly 
re.sponsible for this protection, the prompt dilatation of the bronchial 
artery providing an adequate blood supply to the area deprived of the 
normal filling of the pulmonary artery. 

This dilatation of the bronchial artery is undoubtedly of considerable 
clinical significance with reference to the concentration of the defense 
forces of the body around the infected part of the lung, and may 
account for the extraordinary ability of the lung to overcome and combat 
the evil effects of an infected embolus. Not infrequently one is greatly 
surprised by the ability of the lung to withstand an infection and to 
recover completely in spite of extensive destruction of pulmonary tissue. 
It is significant that infection' about the sterile embolus occurred only 
when the bacteria were injected almost simultaneously with the intro- 
duction of the jugular emboli. 

In two other instances, the bacteria were injected just prior to the 
introduction of the emboli. One animal died of an extensive broncho- 
pneumonia in all parts of the lung, including the embolic areas. In the 
second animal, a hemorrhagic consolidation with destruction of pul- 
monary tissue and abscess formation occurred in the right lower lobe, 
which contained both sterile emboli. Our experiments on this phase of 
the study have not been completed. 

That the embolic area beyond a sterile embolus may become sec- 
ondarily infected, resulting in the production of an intrapulmonary 
abscess, is of considerable clinical and scientific importance. A sterile 
embolus may reach the lung from a clean operative wound or from a 
spontaneously developed thrombosis in the peripheral venous system. 
Infection of the resulting embolic area may occur from several sources: 
(a) from a transient bacteremia, (b) by direct extension from an intra- 
bronchial infection and (c) by the lymphatics running through the area. 

As an example of what may happen clinically, the two following 
occurrences in our laboratory are of more than passing interest. 


Animal K 59.— On February 25, an experimental cholecystectomy was per- 
formed on animal K 59, following which the abdominal wound became infected 
Only a draining sinus remained on March 13, when an exploratory laparotomy 
\as perlormcd by students. Again the wound became infected. 

a presence of two abdominal wounds draining 

Pus rn introduced into the jugular vein 

Pus continued to dram from the wounds until the animal was killed twenty-tTo 
davs later. At necropsy, with the lung in the deflated state (fig. 8), a Ta!! Zr 
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was found on the pleura of the left lower lobe, underneath which a round firm 
area, 1.5 cm. in diameter, could be felt. In the same lobe a second smaller, 
rounded, firm area could be felt. After inflation, the lung appeared remarkably 
different (fig. 8). There was marked retraction of the left lower lobe with 
marked diminution in its volume. It is evident that the true pathologic state of 
a lung cannot be determined by e-xamination of the deflated lung only. 

A roentgenogram showed both emboli in this left lower lobe with marked 
reaction about one of them. The bronchial artery leading to both emboli was 
markedly dilated, and the pulmonary artery beyond the emboli was not filled 
except for a slight injection in the region of the abscess through the bronchial 
artery (fig. 9). 



Fig. 8 (animal K 59).— Appearance of the uninflated lung (a) and the inflated 
lung (6) under a pressure of 10 ram. of mercury, showing the marked difference 
in the appearance of the lobes ; c, abscess with marked retraction of the lobe in 
the region beyond a sterile embolus secondarily infected from an infected abdom- 
inal wound. 

The cut section revealed a small irregular abscess cavity in which lay an 
embolus. Surrounding the cavity and extending to the visible depressed scar on 
the surface, there was a well defined area of consolidation. The second embolus 
was encapsulated by fibrous tissue, but otherwise there was no pathologic change 
in the pulmonary tissue around it. 

Animai. R 49.— This animal rvas received at the laboratory with a compound 
suppurating fracture of the left hind leg. Aside from the open wound of the 
leg, the dog seemed well. On March 7, two sterile emboli were introduced into 
the jugular vein. The dog was killed eight days later, and at necropsy there 
was noted on the surface of the left upper lobe a deep red, softened area about 
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Fig. 9 (animal K 59).— o, injection of tFe bronchial artery showing marked 
dilatation leading to sterile emboli lodged in the same lobe, and slight filling of the 
pulmonary artery from the bronchial artery; b, injection of the pulmonary artery 
of the isolated lobe showing the absence of filling beyond the emboli except that 
due to the bronchial artery. The abscess produced in the area beyond one sterile 
embolus, due to secondary infection from a suppurating abdominal wound, is 
'hown in fig. S. 
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2 cm. in diameter. The second embolic area was not visible until the lun? was 
inflated, when it was disclosed in the right lower lobe by its paler color. The 
branches of the bronchial artery leading to the lobes that contained the emboli 
were greatly dilated, and there was no filling of the pulmonary artery beyond 

either embolus (fig. 10) . • i c ■ 

The cut section of the left upper lobe showed an abscess cavity, 1.5 cm. in 
diameter, with a fairly thick wall surrounded by a limited pneumonitis. There 
was no pathologic change around the second embolus. 

SUMMARY 

1. Experimental evidence is presented indicating that infected emboli 
invariably produce marked pathologic changes in the parenchyma of 
a lung. 

2. Sterile emboli, on the other hand, usually produce little gross 
evidence of their presence in the deflated state of the lung. When the 
lung is expanded by normal inflation, the sterile embolic area is paler 
than the surrounding lung. Clinically, pathologists would do well to 
examine all lungs in the normally inflated state to aid in the detection of 
sterile embolic areas. 

3. Sterile emboli may produce hemorrhagic infarction and abscess 
formation due to secondary infection of the embolic area by circulating 
organisms. 

4. Observations in the laboratory indicate that in the presence of 
suppurating wounds a sterile embolus lodged in the lung may produce 
an intrapulmonary abscess due to secondary infection of the embolic area 
by circulating organisms. 

5. The injection of the bronchial artery by the introduction of Hill’s 
mass shows a marked dilatation of the branches leading to the lobes con- 
taining the emboli, more marked in the lobe containing the infected 
embolus. This dilatation of the bronchial artery may be of considerable 
clinical importance in the resistance to infection and in the repair of 
destroyed tissue following embolic infarction and abscess formation. 

6. The injection of the pulmonary artery may be normal in the pres- 
ence of massive hemorrhagic consolidation which may occur without 
an embolus or thrombosis in the pulmonary artery. Retrograde throm- 
bosis does not explain the hemorrhagic consolidation following the lodg- 
ing of an infected embolus in a lobe. 
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The etiology of abscess of the lung, particularly that which occurs 
after surgical operations, has been subject to recent clinical and experi- 
mental investigation, and much of pertinent data has been revealed. In 
the interpretation of this, difference of opinion has arisen as to whether 
inoculation of the lung occurs by aspiration of infectious material from 
the mouth or by embolism from an infected surgical wound. In favor of 
each has been presented a mass of clinical facts, and it must be admitted 
that most of these facts can be used equally effectively on either side of 
the argument. Also, experimentally, it has been possible to reproduce 
abscess of the lung by either portal of inoculation in substantiation. The 
aspiration theory has, however, been adopted by the majority as the more 
plausible. A critical review of the situation readily demonstrates 
essential defects in both explanations when applied to the etiology of 
typical postoperative abscess of the lung thus: 

For many years pathologists have recognized that abscess of the lung 
may, on occasion, be produced either by septic embolism or by aspira- 
tion. A common observation after death in cases of pyemia is single or 
multiple acute pulmonary abscess, and the same organism is recovered 
from the lesion as from the primary infective focus. Also, massive 
aspiration of infectious material, particularly in the terminal stages of 
wasting diseases, is well known to give rise to bronchopneumonia, and 
there may be areas of softening. Here the outstanding circumstances 
are depleted resistance and overwhelming bacterial inoculation. 

It is recognized ^ that •embolism of major and minor proportions 
occasionally occurs following surgical operations, and the embolus is 
usually a fragment of blood clot loosened and deposited in the venous 

* From Department of Surgery, University of Chicago. 

" This work has been conducted under a grant from the Douglas Smith Founda- 
tion for Medical Research of the University of Chicago 
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stream from a thrombus near the operative field. Moreover, thrombosis 
occurs most readily in the presence of infection, and these emboli may 
be septic. Therefore, it is altogether probable that abscess of the lung 
does arise, on occasion, from embolism after operation; but that this 
mechanism of inoculation accounts for the majority of these lesions 
appears doubtful. It does not explain the occurrence of abscess after 
sterile operations, nor does it account for the lack of correspondence 
between the bacterial flora typical of chronic abscess and that of the 
operative wound. 

The strongest argument for aspiration as the mode of origin of 
pulmonary abscess is the close similarity between the type of bacterium 
infecting the lesion and that of the upper respiratory passages. Lambert 
and Miller® took cultures from ten abscesses directly at the time of 
pneumotomy, and found anaerobic bacteria to predominate in all. Smith ® 
studied various types of chronic suppurative disease of the lung, and 
recovered organisms native to the oral cavity. Also, that aspiration of 
material from the phaiymx into the bronchi takes place with great fre- 
quency is abundantly demonstrated. Daily and Daily ■* examined the 
tracheobronchial tree of 100 patients after tonsillectomy with general 
anesthesia, and found blood in seventy-eight. In a similar study, 
Myerson,® showed bacterial contamination in 76 per cent, although he 
had tilted the head of the table downward at an angle of 45 degrees 
during the operation. Iglauer® examined fifty patients after tonsil- 
lectomy under local anesthesia (procaine hydrochloride), and noted 
blood in the trachea in 38 per cent. In five of these, 5 cc. of iodized oil 
was given to be swallowed, and in two the oil entered the lower respira- 
tory tract. Ochsner and Nesbit^ found that every patient with peri- 
tonsillar infiltration anesthesia and before tonsillectomy aspirated iodized 
oil in trying to swallow. Corper ® instilled india ink (2 cc.) into the 
nose of conscious, unanesthetized rabbits, and discovered that a large 
part of it was deposited in the lung ; and similar experimental results in 
both anesthetized and unanesthetized animals are reported by others.® 
That aspiration of pharyngeal fluids readily occurs in man without any 


2. Lambert, A. V. S., and Miller, J. A.: Abscess of Lung, Arch. Sure 8:446 
(Jan.) 1924. 

3. Smith, D. T.: Am. Rev. Tuberc. 15:352, 1927. 

4. Daily, L., and Daily, R. K.: Texas State J. Med. 23:277, 1927. 

5. Myerson, M. C: Laryngoscope 32:929, 1922 ; 34:63, 1924. 

6. Iglauer, S.: Ann. Otol. Rhin. & Laryng. 37:231, 1928. 

7. Ochsner, A., and Nesbit, W.: Arch. Otoiaryng. 6:330, 1907. 

8. Corper, H. J.: Pulmonary Aspiration of Particulate Matter, Normally 
and During Anesthesia, J. A. M. A. 78:1858 (June 17) 1922 

H ?■ alfp Am. Rev. Tuberc. 4:683, 1920. Corper 

T ' Infection in Respiratory DiseLe’ 
A- W. A. 74:521 (Feb. 21) 1920. Hoelscher, R.: Arch. f. klin Chfr 57-174’ 
1S97. Lemon, W. S.: Aspiration, Arch. Surg. 12:387 (Jan.) 1926 ’ 
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form of anesthesia and unknown to the individual is known as a fact 
to those who are familiar with the Singer method for the introduction 
of iodized oil intrabronchially. The patient is seated, the tongue is 
steadied and the oil is instilled into the pharynx. If swallowing is for- 
bidden, the oil runs into the larynx, trachea and bronchi freely and with- 
out sensation. Myerson draws the pertinent conclusion that bland 
substances, such as mucus, saliva, blood, etc., and others, when well 
mi.xed with mucus, do not stimulate the mucosa of the laryn.x and lower 
respiratory tract sufficiently to excite cough. Only when the mass of 
aspirated material is sufficient to interfere with the passage of air or 
when the mucosa is hyperirritable and inflamed, is the cough reflex called 
into play. 

This fact of frequent contamination of the lower respiratory tract 
from the upper is, indeed, the strongest argument against the aspiration 
hypothesis of the origin of abscess of the lung. That lesion is rare. 
Moore reported one abscess of the lung in 3,000 tonsillectomies; 

Graham found no abscess in 10,000 (material from Sluder’s clinic). 
The answer to this difficult}' has been that the aspirated substance is 
regularly and quickly eliminated by cough, ciliary activity and bronchial 
peristalsis. Myerson ' * observed directly in man an evacuation time of 
twelve minutes, even under anesthesia and without cough! It is sug- 
gested that in certain persons this mechanism of elimination fails, and 
from prolonged contact of the inoculum with the finer ramifications of 
the bronchi, infection of the parenchyma occurs. But fluid, even in 
small quantity and when not too viscid, introduced into the trachea, 
gravitates immediately to the periphery of the lung where it is beyond 
the expelling reach of cough and ciliary activity. Thus, Hoelscher 
stained the buccal secretions in anesthetized dogs and found the alveoli 
of the lung to become stained, and MuIIin and Ryder noted the same 
condition in rabbits. Corper ® found that particles of India ink aspirated 
from the pharynx reached the alveoli and remained there as long as 
three months. In man, after intrabronchial injection of iodized oil, it is 
common to see the oil reach the finest bronchioles or alveoli and remain 

10. Singer, J. J. : Bronchography; Injection of Iodized Oil, Arch. Stirg. 
14:167 (Jan.) 1927. 

11. Myerson (footnote 5, second reference). 

12. Moore, W. F.: Pulmonary Abscess, J. A. M. A, 78:1279 (April) 1922. 

13. Graham, E. A.: S, Clin. N. Amer. 2:1501, 1922. 

14. iMyerson (footnote 5, first reference). 

15. Hedblom, C. A.; Joannides, M., and Rosenthal, S.; Ann. Surg. 88:823, 
1928. Allen, D. S. : Etiology of Abscess of the Lung: E.xperimental and Clin- 
ical Studies, Arch, Surg. 16:179 (Jan.) 1928. 

16. Hoelscher (footnote 9, third reference). 

17. Mullin and Ryder (footnote 9, first reference). 
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there for months, as shown by fluffy shadows in x-ray films. Archibald ^ 
found that when substances were aspirated below a certain zone in the 
bronchial tree, cough had the effect of driving them further toward the 

periphery. . . 

The proponents of the aspiration hypothesis also assume coinci- 
dentally lowered resistance of the host. This is undoubtedly important, 
but difficulties arise at once. Thus, a recent autopsy at this institution 
demonstrated a carcinoma of the esophagus. A fistula had developed 
between the esophagus and the bronchus, which had permitted massive, 
daily bronchial contamination. The fistulous tract swarmed with fuso- 
spirochetes and other putrefying bacteria. The patient was aged 
and extremely cachectic. Bronchopneumonia was present but no 
abscess. Moreover, statistics show that the lowest incidence of post- 
operative pulmonary complications of all sorts is seen in operations on 
the brain, and here the patient is frequently submitted to severest shock 
and hours of deep unconsciousness and depression. Indeed, the cir- 
cumstances responsible for the greatest number of abscesses of the lung 
are quite the opposite, i.e., those of tonsillectomy, a minor operation 
performed on relatively young and healthy persons. If lowered resis- 
tance of the host plays an essential role, it is specific and not yet 
understood. 

Animal researches in the reproduction of abscess of the lung have 
corroborated these conclusions, but add little. Regarding embolic 
inoculation, it has been shown that infected emboli reaching the lung 
readily give rise to an abscess. If the infecting agent is one of the 
ordinary pus formers, as Staphylococcus aureus, the abscess is insignifi- 
cant and heals quickly, b'ut if more virulent and anaerobic pyogens are 
used, such as are native to the mouth, the abscess is usually larger and 
tends to become chronic.-^ On the other hand, intrabronchial inocula- 
tion has produced abscess of the lung with excessive difficulty. Lambert 
and Miller,= Aschner,-- Cutler and Schlueter,-® Schlueter and Weidlein,^^ 
and many others have insufflated or packed the bronchi with a variety 
of infectious materials in hundreds of animals, and produced either 


18. Archibald, E,, and Brown, A. L. : Am. Rev. Tuberc. 16:111, 1927. 
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22. Aschner, P. W.: Ann. Surg. 75:321, 1922 
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bronchopneumonia, septicemia or no lesion. Similarly, Allen recently 
failed to produce abscess of the lung, after insufflating pus from a 
pulmonary abscess in man into the bronchi of fifteen rats and fifteen 
dogs. He then modified the experiment by ligating the insufflated 
bronchus, in order to retain the inoculum in contact with the lung. The 
lesions thus obtained were termed abscesses, but they are described and 
illustrated as purulent, desquamative bronchitis and peribronchial leuko- 
cytic infiltration, i.e., bronchopneumonia. No protocols are published 
describing tissue necrosis and cavity formation, which are necessary 
characteristics of abscess in anj' part. 

Intrabronchial inoculation has succeeded, however, in producing 
destructive lesions of the lung in animals, and here a specific organism 
appears to have been a constant factor, viz., the fusospirochete of 
Vincent. Smith ^ instilled warm, fresh suspensions of these organisms, 
obtained from scrapings of carious teeth in man, into the bronchi of 
rats, guinea-pigs and rabbits. Bronchopneumonia resulted with central 
necrosis, and chronic abscesses persisted in some cases for five 
months.®^ Crowe and Scarff, after working two years with infective 
agents, succeeded in obtaining abscess of the lung in nine dogs with 
Vincent’s fusospirochetes. In eight of these, the entire lobe inoculated 
became gangrenous. Following them, Hedblom, Joannides and Rosen- 
thal insufflated the bronchial tree of sixty-seven dogs with a wide 
assortment of infectious and irritating substances. Unfortunately, little 
detail is given, but the inference is apparent that absceses were obtained 
when fusospirochetes were included in the inoculum, and these authors 
emphasize the importance of this group of organisms to the production 
of abscess. The lesion produced, as far as described, was pulmonary 
gangrene. In three dogs, the inoculated lobe was partially or wholly 
gangrenous, and in one the “abscess” measured 10 cm. in diameter, 
which means a widespread destruction of substance of the lung. 

These experiments have, accordingly, given rise to a specific lesion, 
pulmonary gangrene. The work supports the original, extensive investi- 
gations of Pilot,^’' Pilot and Davis,^® Pilot, Davis and Shapiro,^** and 
Kline,'’" showing that the Vincent group of anaerobic bacteria have 
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the capacity to necrotize and putrefy tissues; but that rt furthers the 
question of etiolog}^ of the typical chronic abscess of the lung m man 
is doubtful. Pulmonary gangrene not infrequently complicates a.bscess 
of the lung, but it is in itself a distinct pathologic and bacteriologic 
entity. Characteristically, gangrene is acute and lacking in protective 
tissue reaction, while abscess may be acute or chronic and tends from 
the start to encapsulation. Gangrene presents a foul, penetrating odor 
and a bacterial flora that is putrefactive and often includes Vincent 
organisms; chronic abscess of the lung frequently has little odor and a 
mixed, largely anaerobic bacterial flora frequently including putrefjdng 
bacteria. Smith studied the bacteriology of bronchopulmonary 
spirochetosis as reported and in cases of his own, and found included 
all types of suppurative disease of the lung, including abscess ; following 
his work writers have tended to consider fusospirochetes as characteristic 
of abscess of the lung. Smith, however, did not demonstrate the 
corollary, i. e., that suppurative diseases of the lung, including abscess, 
are regularly due to fusospirochetes. Lambert and Miller " found 
these organisms in 30 per cent of abscesses from which cultures 
were taken directly. Fusospirochetes occasionally appear in lesions 
of the lower respiratory tract, just as they are seen at times 
in lesions of the tracts above the larynx. And it is as unreasonable 
to consider them the essential cause of abscess of the lung, as 
it would be to suggest that all tonsillitis, sinusitis or dental caries are 
caused by them, since they frequent these lesions. Nor would inocula- 
tion experiments, injecting fusospirochetes into the tonsils or sinuses of 
clogs and producing specific tissue putrefaction, show that tonsillitis or 
sinusitis occurs spontaneously from these organisms and in this manner. 
Surely, massive doses of such necrotizing bacteria blown into a bronchus 
in man would often give rise to gangrene of the lung, but these are 
clearly not the circumstances usually attending the onset of pulmonary 
abscess. 


In short, both clinical and laboratory experience demonstrate the 
lung to be very susceptible to abscess formation from septic embolism 
and very resistant in this respect to bronchogenic inoculation, when 
bacteria are used which are common to chronic abscess of the lung. 
While certain abscesses of the lung in man doubtless result from embolic 
origin alone and others from a bronchogenic source, there remains a 
large group of postoperative pulmonary abscesses, which are not readily 
explained by either mode of origin. 

For these cases we wish to suggest a combination of these two fac- 
ors, where embolism contributes the initial acute abscess and aspiration 
cianges the flora to that of the upper respiratory passages and con- 

31. Smith (footiiotcs 3 and 25), 
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tributes toxicity and chronicity to the lesion. The experiments that 
follow are planned to test the possibility of this in animals. 

EXPERIMENTAL WORK 

Dogs were used, and were divided into three groups. In group 1 the effect 
of insufflation alone of infectious materia! into the bronchus was determined. In 
group 2 the nature of the abscess produced by embolic inoculation alone of the 
lung was defined. And in group 3 the change that may be effected in the character 
of embolic abscess of the lung as result of septic bronchial insufflation was 
determined. 

Various types of bacteria were employed for inoculation, for the purpose of 
contrasting the action of a common pi’ogenic organism, Staphylococcus aureus, 
with that of bacteria of greater virulence, in mi.xture and sort as found in 
chronic suppurative diseases of the lung. 

Group 1. — In this group, the effect of intrabronchial insufflation alone was 
determined on twenty-two dogs. The dogs were ancsibetised to the extent of 

Table 1. — Intrabronchwl Insufflation with Spiitiini Containingf Vincent’s 

Fusospirochetes 


NumlXJr of 

Spontaneous Deaths 


Killed 

Dogs 

Day 

Abscess 

Day 

Absecss 

16 

1 

None 

12 

None 


1 

Hono 


None 


1 

2^000 


Nona 


2 

None 


None 


4 

Nooe 


None 


4 

None 


None 


None 

None 

None 

None 


deep sleep and loss of cough reflex for eighteen to twenty-four hours by subcuta- 
neous injection of sodium barbital, 0.3 Gm. per kilogram of body weight. Sputum 
was obtained absolutely fresh, thinned with saline to lower its viscosity, and 
insufflated bronchoscopically into the right lower bronchus in amounts of 0-3 cc. 
per kilogram of body weight. Afterward, the animals were placed to sleep on 
the right side with the head elevated to insure retention of the inoculum in the 
bronchus. The subsequent behavior was noted. At death from disease or w'hen 
killed after selected intervals, autopsy was done including the gross and micro- 
scopic pathologic and bacteriologic examinations of the lungs. The results of the 
gross pathologic examination only will be reported here as directly pertinent, and 
the other results will appear in subsequent publications. 

Series A, sixteen dogs: Sputum containing myriads of fusospirochetes of 
Vincent, cocci and 'rods, taken from a case of bronchiectasis, rvas insufflated into 
the dogs (table 1). Six of them died in four days with pulmonary congestion, 
pneumonia and toxemia. Ten were killed in twelve days. Bronchitis was the 
only lesion found. 

Series B, six dogs : Sputum containing Fungus nocardia, cocci and rods, 
obtained from a case of bronchiectatic abscess of the lung, was insufflated (table 
2). Four dogs died on the second day with pulmonary congestion and toxemia. 
Two killed in eleven days showed bronchitis only. 
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the sixth day with extensive gangrene of the left upper lobe of the lung, lying in 
a pyramidal area distal to a small abscess containing the embolus. Both pleural 
cavities contained purulent fluid. Five dogs were killed in sixty-three days, and 
all showed a large abscess at the embolus. These differed on the whole from 
those in series A in that their walls were more fibrous, less debris was in the 
cavities and the surrounding parenchyma was less inflamed. 

Series C, twenty-six dogs : An embolus infected with sputum containing a 
mixture of pyogenic cocci and rods and without specific bacteria, obtained from 
a case of bronchiectasis, was introduced (table 5). Twelve dogs died; six 
of these died in six days with pulmonary congestion, pneumonia and general 
toxemia; and six in from nine to seventeen days, three with distemper and three 
from the effects of a large acute abscess of the lung at the embolic focus. Eight 
were killed in sixty-four days. Seven showed the embolus encapsulated in scarred 
parenchyma of the lung, and one had a large abscess similar to those described 
in the previous series. One was killed in ninety-one days and presented a large 
chronic abscess of the lung (fig. 1). Five were killed in 119 days. In one there 

Table S . — Embolic Inocttlaiion of the Lung with Sputum Containing Mixed 

Pyogenic Organisms 


Number Spontaneous Deaths 



Killed 




t — 







Dogs 

Day 

Abscess 

Day 

Abseess 

Day Abscess 

Day 

Abscess 

20 

o 

None 

Gi 

Healed 

01 Large 

139 

None 


3 

None 


Healed 



Healed 


3 

None 


Healed 



Healed 


S 

None 


Healed 



Large 


0 

None 


Healed 



Large 


C 

None 


Healed 





9 

Large 


Healed 





0 

Largo 


Largo 





10 

None 







13 

Largo 







16 

None 







17 

None 







had apparently been no abscess, for the embolus was contained in intact arterial 
walls; in two the abscess was healed, for the embolus was embedded in scar; 
and in two there was a large abscess. This was represented by a cavity with 
fibrous walls, no contents, a smooth surface and without surrounding pneu- 
monitis (fig. 2). 

Series D, seventeen dogs; An embolus infected with blood agar culture of 
Staphylococcus aureus, of known virulence in man, twenty-four hours old, was 
introduced (table 6). Three dogs died of distemper in from fourteen to twenty- 
two days ; two of these had an healed abscess and the other had a very small 
abscess cavity a trifle larger than the bird-shot it contained. Fourteen were killed 
in thirty days. In two there was a small abscess of the lung nearly healed, and 
in the others evidence of healed abscess was found, or no inflammatory reaction 
at all at the site of the embolus. 

Group 3. — In this group the effect of embolic inoculation of the lung, plus 
intrabronchial inoculation, was determined on si.xty-eight dogs. 

Pulmonary embolism was induced, as in group 2, and on the tenth day the 
position of the embolus in the lung was localized by the x-rays, and the bronchus 
to that part was inoculated, as in group 1. In each case, the embolus carried 
Staphylococcus aureus (group 2, D). For insufflation, sputum was used from 
the cases in the foregoing experiments, also Staphylococcus aureus alone and 
sterilized sputum alone. 
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Series A, eight dogs : An embolus infected with Staphylococcus aureus was 
introduced, and sputum containing fusospirochetes of Vincent, cocci and rods, 
obtained from a case of bronchiectasis (group 1, A), was insufflated (table 7). 
Two dogs died in twelve days from the effects of large acute abscess and the 
toxemia of insufflation (fig. 3). Six dogs were killed in thirty-four days, and 
all showed a large abscess at the embolic site. This contained pus and debris, 
and the surrounding lung was consolidated. 

Table 6. — Embolic Inoculation of the Lung zvith Agar Culture of 
Staphylococcus Aureus 


Number of 

Spontaneous Deaths 


Killed 

Dogs 

Day 

Abscess 

Day 

Abscess 

17 

U 

Small 

SO 

None 


21 

Healed 


None 


22 

Healed 


None 


Healed 

Healed 

Healed 

Healed 

Healed 

Healed 

Healed 

Healed 

Healed 

Smalt 

Small 


Table 7. — Embolic Inoculation of the Lung with Staphylococcus Aureus Plus 
Intrabronchial Insufflation zoUh Sputum Containing 
Vincent*s Fusospirochetes 


NumlKr ol 
Does 

Spontaneous Deaths 


KiHcd 

Day 

Abscess 

Day 

Abscess 

8 

12 

Darge 

31 

Large 



Large 


Large 

Large 

Large 

Large 

Large 


Table 8. — Embolic Inoculation of the Lung with Staphylococcus Aureus Plus 
Intrabronchial Insufflation zvith Sputum Containing Fungus Nocardta 


Number of 
Dogs 

G 


Spontaneous Deaths Killed 

» , 


Day 

Abscess 

Day 

Abscess 

1 

None 

SO 

Healed 

11 

Small 


Healed 

11 

Small 


Large 


Series B, six dogs: An embolus infected with Staphylococcus aureus was 
introduced, and sputum, containing Fungus nocardia^ cocci and rods, obtained 
from a case of bronchiectatic abscess of the lung (group 1, B and group 2, A) 
was insufflated (table 8). Three dogs died; one of these died after twenty-four 
hours from unknown causes, and two died in eleven days as the result of the 
toxemia of insufflation. Each of the latter presented small acute abscess of the 
lung. Three dogs were killed in thirty days; two of these had an healed abscess, 
and one had a large acute abscess containing the embolus. 
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Series C, eighteen dogs; An embolus infected with Staphylococcus aureus 
was introduced, and sputum containing mixed pyogenic cocci and rods and no 
specific bacteria, obtained from a case of bronchiectasis (group 2, C), was insuf- 
flated (table 9). Six dogs died in from three to ten days; four with pulmonary 
congestion and toxemia, and two with distemper. Three showed a small abscess 
at the site of embolism. Five were killed in sixty-two days. Of these, three 
had an healed abscess, one a small, active abscess, and one a very large, chronic 
abscess. Seven were killed in ninety-three days. Five had an healed abscess and 
two a large abscess. One of the latter abscesses was of the indolent type with 

Table 9. — Embolic hioculatioii of the Lung zvith Staphylococcus Aureus Plus 
Intrabronchial Insufflation with Sputum Containing 
Mixed Pyogenic Organisms 


»? umber ot 
Dogs 

IS 


Spontaneous Deatlis 


r- - f 

Day Abscess Day 

3 Xonc (3 

3 None 

G None 

S Small 

10 Small 

10 Small 


Killed 


Abscess 

Day 

Abscess 

Healed 

93 

Healed 

Healed 


Healed 

Healed 


Healed 

Small 


Healed 

Large 


Healed 

Large 

Large 


Table 10,~Enibolic Inoculation of the Lung with Staphylococcus Aureus Plus 
Intrabronchial Insufflation with Staphylococcus Aureus 


Spontaneous Deaths 


Killed 


Day Abscess 

Day 

Abscess Day 

Abscess 


Nnmbor of 
Dogs 


27 1 None 

2 None 

2 None 

2 None 

3 Small 

4 Large 

7 None 

5 None 

9 Small 

0 Large 

11 None 

11 None 

12 None 

28 Healed 


Healed 

01 

None 

Healed 


None 

Healed 


Healed 

Small 


Healed 

Large 


Healed 

Small 

Small 

Small 


little remaining inflammation (fig, 4). The other had a multilocular cavity, filled 
with thick pus, and the adjacent lung was widely consolidated. 

Series D, twenty-seven dogs: An embolus infected rvith Staphylococcus 
aureus was introduced, and Staphylococcus aureus in twenty-four hour broth 
culture was insufflated (table 10). Fourteen dogs died within twenty-eight days 
from an epidemic of distemper that decimated the stock at this time. Four of 
these had an embolic abscess, two small, one medium and one large. Five dogs 
were killed in tliirty daj's ; three had an healed abscess, one a very small, inactive 
abscess, and one a large abscess filled with purulent material. Eight were killed 

in sixty-one days, and three of these showed a small, nearly healed abscess at 
ine embolic sue. 

intrtdncL’^^nl"'; '’t'"', with Staphylococcus aureus was 

3cvcn dS f ’nsufflated (table 11). Three dogs died in 

os, with pulmonary congestion and to.xemia. No abscesses were found 





Fig. 3. — Left lower lobe of the lung showing abscess twelve days after embolic 
inoculation with Staphylococcus aureus and two days after intrabronchial insuffla- 
tion with sputum containing fusospirochetes of Vincent. See group 3, series A. 



Fig. 4.— Left lower lobe of the lung showing abscess ninety-three days after 
embolic inoculation with Staphylococcus aureus and eighty-three days after intra 
bronchial insufflation with sputum containing mixed pyogenic cocci and rods (no 
specific bacteria). See group 3, series C. 
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and the emboli were contained in intact arterial walls. Six were killed in thirty- 
one days. In five there was evidence of healed abscess, and in one apparently 

no abscess had existed. 


Snimnary of Results.— Ihe experiments include 144 dogs, divided 
into three groups (table 12). 

Group 1, twenty-two dogs, received onlj' intrabronchial insufflation 
of sputum from cases of chronic suppurative pulmonary disease. The 
mortality, 45 per cent, was from pneumonia, empyema and toxemia. 
No abscess of the lung developed. 


Table 11— Embolic Inoculation of the Lung with Staphylococcus Aureus Plus 
Intrabronchial Insufflation with Sterile Sputum 


Number ol 

nogs 

Spontaneous Deaths 


Killed 

A - 

Bay 

Abscess 

Day 

Abscess 

g 

1 

Koqc 

31 

Hone 


4 

None 


Healed 


7 

None 


Healed 





Healed 





Healed 





Healed 


Table 12. — Summary 





Number 


Per Cent With Abscess Active 


Method of 


of 

Per Cent 






Group Inoculation 

Inoculum 

Dogs 

Survived 

iMo. 

2 Mo. 

3 Mo. 4 Mo. 

1 

Insufflation 

Sputum 

22 

K 

0 



2 

Production of 

(I) Sputum 

37 

65 

5t 

47 

50 40 


embolism 

(X) Staphylococcus 

17 

E2 

n 





aureus 






3 

Production of 

Staphylococcus 







embolism plus 

aureus 







insufflation 

(1) Sputum 

32 

68 

62 

S3 

29 



(2) Staphylococcus 

27 

45 

30 

37 




aureus 








(3) Sterile sputum 

9 

66 

0 




Group 2, fifty-four dogs, received only infected emboli. In a part of 
these the embolus was infected by sputum, and in the remainder by 
Staphylococcus aureus culture. The mortality was 29 per cent. Of 
those inoculated with sputum and surviving, 54 per cent had abscess of 
the lung unhealed at one month, 47 per cent unhealed at two months, 
^ per cent unhealed at three months, and 40 per cent at four months, 
those inoculated with Staphylococcus aureus and surviving, 14 per 

cent had abscess of the lung at one month, and these were small and 
nearly healed. 


Group 3, sixty-eight dogs, received embolic inoculation of the lung 
1 aphyJococctis aureus and, ten days later, intrabronchial insuffla- 
dU? mortality was 41 per cent. In a part of the 

^ . sputum was insufflated, and of the survdvors, 52 per cent had an 
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abscess of the lung unhealed at one month, 33 per cent unhealed at 
two months, and 29 per cent unhealed at three months. In a second 
part. Staphylococcus aureus culture was insufflated, and of those surviv- 
ing, 39 per cent had unhealed abscess at one month and 37 per cent at 
two months. In a third part, sterilized sputum was insufflated and no 
abscess remained to one month. 

COMUEUT AND CONCLUSIONS 

The first two groups of experiments determine the mode of reaction 
of the lung separately to embolic and bronchogenic inoculation, and 
serve as controls for the third group. Two phenomena are illustrated 
thereby that we have already referred to from the work of others, but 
which deserve emphasis. 

Thus, first, the lung is far more susceptible to abscess formation 
from embolic than from bronchogenic inoculation. This is of impor- 
tance in the question of etiolog}' of abscess of the lung, and further 
study has been made of its nature and causes.®^ 

Second, these experiments demonstrate a direct relation between 
the t 3 'pe of organism infecting an embolic abscess of the lung and the 
virulence and chronicity of the abscess. Accordingly, Staphylococcus 
aureus alone produced small abscesses which tended to heal in a few 
weeks, while mixtures of pyogenic bacteria, such as exist in the sputum 
of chronic suppurative pulmonary diseases (nontuberculous), evolved 
large abscesses that often required months for healing. We disagree 
with recent authors who claim a specificity of fusospirochetes of Vincent 
for the production of chronic abscess of the lung. Experimentally, at 
least, the common p 3 'ogenic cocci and rods of sputum are as capable of 
inducing abscesses slow to heal as are spirochetes.^® 

Group 3 indicates the effect that intrabronchial contamination may 
have on the character of a preexisting abscess of the lung. Here the 
abscess was initiated b 3 ' an embolus carrying a t 3 ^pe of bacterium 
(Staphylococcus aureus) that produces essentially insignificant and 
rapidly healing abscesses. Insufflation of sputum organisms was carried 
out on the tenth day. The virulence and chronicity of the abscess 
were found to be enhanced to a degree similar to that characteristic of 
abscess of the lung initiated by sputum organisms. Secondary con- 
tamination of the abscess by way of the bronchi is believed to play an 
important role in production of this alteration. 

"We suggest a circumstance, as here, with initiation of the abscess by 
infected embolus and propagation b 3 ' bronchogenic contamination, as 

32. Van Allen, C. M. ; Adams, W. E., and Hrdina, L. S. ; Embolism in 
Bronchogenic Infection of the Lung, p. 1279 of this issue. 

33. Van Allen, C. M.; Adams, W. E., and Hrdina, L. S., ready for publication. 
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pertaining to the pathogenesis of certain postoperative chronic abscesses 
of the lung in man, which we have referred to in the introduction as 
inadequately explained by supposing either mode of inoculation to act 
alone. This would account, in the embolic theory, for the disparity 
often existing between the bacterial flora of the abscess and that of the 
operative field; and, again, why abscess of the lung regularly contams 
organisms native to the mouth, in spite of the excessive difficulty with 
which these organisms, when introduced into the bronchus, produce 
abscess of the lung. Thus, the main obstacle of each hypothesis taken 
alone is removed by combining the two. This mode of origin corre- 
sponds, also, with the rarity of abscess of the lung as a postoperative 
complication, since postoperative embolism is unusual; only certain of 
the emboli carry organisms capable of forming abscess, and of the 
abscesses a part only would be expected to acquire communication with 
a bronchus to permit contamination. 

In one series of dogs (group 3, D), a moderate but distinct increase 
in virulence and chronicity of Staphylococcus aureus abscess followed 
intrabronchial insufflation of the same organism. Other experiments are 
under way, in which the same organism is employed for insufflation as 
for embolism, and these show the same effect. Evidently, replenishment 
of the bacterial flora in the abscess can maintain it, as well as can altera- 
tion of the bacterial flora types. This probably explains reactivation of 
bronchiectasis that occurs during recrudescences of chronic paranasal 
sinusitis.'*'* Superinoculation by aspiration accounts for the fact that 
postpneumonic abscess of the lung also is commonly infected with bac- 
teria from the mouth.** 

It has been pointed out in objection to the embolic origin of post- 
operative abscess of the lung that in many cases signs and symptoms of 
pulmonary embolism do not appear in the prodromal period. This is 
true, but one needs only to recall how frequent it is to see at autopsy 
small pulmonar}'^ infarcts, even acute embolic abscesses of the lung 
which have gone undiagnosed in the wards, to appreciate that minor 
embolism may occur without recognizable signs during life. 

The theory of combined origin of postoperative abscess of the lung, 
as outlined here, fails to account for those abscesses which occur after a 
sterile operation. The explanation of this on a similar basis is con- 
sidered in another communication.®- 




to the fact that a large group of postoperative 
atoscs of the lung exists which is not adequately explained as to 
etiology cith er by embolic or by bronchogenic inoculation, acting alone. 

Arch. Sarg. 
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The effect of a combination of these two avenues of inoculation of 
the lung was tested experimentally. 

It was found that embolic abscesses of the lung could be enhanced in 
virulence and chronicity b}' insufflation of infectious material into the 
bronchus. This combination of embolic and bronchogenic inoculation 
may explain the pathogenesis of the obscure group of postoperative 
abscesses of the lung. Superinoculation by aspiration of pharyngeal 
secretions may be responsible chiefly for the maintenance of chronic 
abscess of the lung, both postoperative and postpneumonic, and for 
recrudescences in bronchiectasis. 
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In another publication ’ are described the effects on the lung of dogs 
produced by embolic and intrabronchial inoculation, employed separately 
and combined. It appeared that interaction of both of these portals of 
entry for organisms to the lung pertains to the pathogenesis of certain 
postoperative abscesses of the lung in man of obscure origin. 

These experiments, moreover, emphasized the fact that abscess 
develops readily from embolic inoculation of the parenchyma of the 
lung, but with great difficulty, if at all, after intrabronchial implantation 
of the same infecting agents, although used in enormously larger quan- 
tity. This phenomenon is considered further in the present communi- 
cation. 

Others have called attention to the same circumstance. One explana- 
tion has been that embolism interferes with the blood supply of the part 
inoculated and lowers its resistance.- Another reason, more generally 
given,^ is that material deposited in the tracheobronchial tract is 
quickly removed by cough and ciliary activity, and invasion of the 
parenchyma is thus prevented. But the latter fails to consider the 
abundant clinical and experimental proof available that fluids, even in 
small amounts, deposited in the trachea gravitate readily to the terminal 
ramifications of the bronchial tree and tend to remain there beyond the 
reach of natural expelling forces. 

The resistance of the lung to abscess formation from intrabronchial 
contamination is not due to failure of inoculation. It is well appreciated,'* 


* From tile Department of Surgery, University of Chicago. 

* Tills work lias been conducted under a grant from the Douglas Smith Founda- 
tion for Medical ’Research of the University of Chicago. 

L ■fan .Mkii. C. Adams, W. E., and Hrdina, L, S.: Bronchogenic Con- 
tamination m Eiiiholic Abscess of the Lung. p. 1262 of this issue. 
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since tlie work of Meltzer and his associates, ° that inoculation of the 
bronchi with various types of pyogenic organisms frequently produces 
pneumonia. In man, also, aspiration pneumonia is a definite clinical 
entity. In pneumonia, the parenchyma of the lung is invaded by bacteria 
and heavily infiltrated by pol3'niorj)honuclear leukocytes to the extent 
that the cut surface of a specimen drips with pus, and yet the tissue 
vitality is regularly maintained; if the individual survives, resolution 
takes place speedily and without persisting cellular alterations. Another 
tissue thus heavily infected regular^' breaks down and develops abscess. 
This difference between the lung and other tissues must be explained by 
assuming for the lung a much greater vitality in the presence of 
infection. 

It may well be that this greater vitality is related to the matter of 
blood supply, for the lung receives a much greater volume of blood in 
proportion than does any other organ or tissue. In addition to the sup- 
ply from the bronchial arteries, which is comparable to that alone 
enjoyed by niost other tissues, the king receives through its capillaries 
from the pulmonar}" artery the entire mass of circulating blood at each 
cj'cle. But to say that reduction of this blood supply by embolic occlu- 
sion of the pulmonary artery devitalizes the tissues lacks demonstration. 
Karsner and Ash “ and Krampf ' showed that bland embolism produces 
relative ischemia of the sector of lung involved and that this persists but 
does not produce tissue alterations. The bronchial circulation is suffi- 
cient to maintain the life of the parenchyma, and only when additional 
vascular injury is instituted, do changes occur interpretable as phe- 
nomena of devitalization. 

The object of the experiments to he presented is to test the validity 
of the. following hypothesis: 

The greater vitality of the lung in infections is due mainly to a 
greater blood supply, and elimination of the pulmonary circulation 
reduces the blood suppl}^ and tissue vitality to the common level. 

For this purpose, the r'eaction of the normal lung to intrabronchial 
contamination is compai'ed to that of the lung which is the seat of bland 
embolism and is, therefore, nourished only by the bronchial circulation. 

EXPERIMENTAL WORK 

The e.xpen'menrs were divided into three groups. Dogs were used throughout. 

The purpose of the first group was to determine the effect of a sterile embolus 
of small size on the parenchyma of the lung; that of the second to determine the 
results of intrabronchial Insufflation of infectious material ; and that of the third 
the reaction of the lung to a combination of bland emboli.sm and septic insufflation. 

5. Wollstein, Martha; and Meltzer, S. J. : I. Exper. Med. 16:126, 1912. 
Lamar, R. V., and Meltzer, S, J. ; J. Exper. Med. 15:133, 1912, 

6. Karsner, H, T., and Ash, J. E. : J. M. Research 27:205, 1912, 

7. Krampf, F. : Deutsche Ztschr. f. Chir. 189:216, 1924. 



VAN ALLEN ET AL.~BRONCHOGENIC INFECTION 3281 


The embolus used was a small, lead bird-shot. This could be localked in the 
tissues by roentgen examination. The embolus was introduced m o the external 
jugular vein through a small incision. The inoculum for intrabrondnal insufflation 
was sputum obtained freshly from patients with chronic suppurative pulmonary 
diseases. The sputum was thinned with saline to reduce its viscosity, and U.d 
cc per kilogram of body weight was injected bronchoscopically into the right 
lower bronchus or, in the embolized dogs, into the bronchus which supplied die 
ombolized lobe of the lung. Introduction of an embolus and septic insufflation 
were utilized at the same sitting in the third group of experiments. 

Local anesthesia (procaine hydrochloride, O.S per cent) with morphine was 
used for operation in group 1, in order not to risk bronchial contamination which 
might take place by aspiration under general anesthesia. The other animals were 
anesthetized by subcutaneous injection of sodium barbital, 0,3 Gm. per kilogram 
of body weight, and morphine. This induced deep sleep and inhibition of the 
cough reflex for from eighteen to twenty-four hours. 

The behavior of all dogs was carefully noted. When they died from disease 
or were killed within fourteen days, postmortem examination was made with 
special reference to the gross and histologic appearance of the lungs. 

In presentation, the material will be grouped and illustrated by characteristic 
protocols in brief. 


Gequi' 1. — In this group the effect of a sterile embolus alone was determined 
on six dogs. Five of them were killed on the eighth day, apparently in norma! 
physical condition. At autopsy, four presented no gross or histologic evidence 
of alteration in the parenchyma of the lung at the embolus or elsewhere. The 
fifth showed a single spot of hemorrhagic infiltration lying in the lung margin 
distal to the embolus. In another lobe was a patch of resolving pneumonia typical 
of distemper, and the bronchi were injected and contained mucus. 

The sixth dog died on the seventh day with symptoms of acute respiratory 
infection. The lungs contained extensive areas of pneumonic consolidation. The 
bronchi were filled with pus. In the right upper lobe was a sharply demarcated 
pyramidal area of gangrene, with the embolus situated at its apex near the hilum. 
The pleural cavity held 200 cc. of bloody fluid. 


Group 2.~In this group the effects of intrabronchial insufflation alone was 
dclcrmined on twenty-two dogs. For si.x dogs, sputum was used from a case’ 
of broncbiectatic abscess of the lung and contained Fmgus iwcardia, cocci and 
rods. For the remainder, sputum was employed from a patient with bronchiectasis 
and contained fusospirochetes of Vincent, with cocci and rods. The observations 
in the two series were similar. 

Ten dogs died in from one to four days with symptoms of respiratory infec- 
tion; at autopsy they showed purulent bronchitis, edema and congestion of the 
hings and, in some instances, bronchopneumonia. Thus : 


Protocol (dog 7).— After recovery Irom the anesthetic, the animal remained 
and refused food. Ou the third day, it became iveaker and began to cou^h 
-Mucopms dripped from the nostrils. Dyspnea developed the following day, and 

mmu™. f with 

mtd e f't T ' the lungs presented several 

"! 7 consolidation. These areas showed no softening or 

i'olvmornhr'"r’' “’"’ttically. the parenchyma was massively infiltrated with 
l^-orphonuclcnr leukocytes, and the vitality of the tissues was preserved at all 
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The remaining twelve clogs survived and were killed twelve days after insuffla- 
tion. Seven presented norinal lung.s, three had purulent bronchitis, and two mul- 
tiple areas of hronchopneumonia. The consolidated parts were firm and infiltrated 
with pus, but without abscess formation or other sign of loss of tissue vitality. 

Giioup 3. — In this group the effect of a sterile embolism plus intrabronchial 
insufllation was determined on thirty-si.v dogs. 

I'or ten dogs, sputum was used from a case of bronchiectasis containing non- 
specific pyogenic cocci and rods. For the others, the sputum was the same as for 
the second scries of grouji 2 and contained Vincent’s fusospirochetes, cocci and 
rods. 

The effects iu both scries were similar. Seven dogs died in two days with 
purulent bronchitis and pulmonary edema and congestion. Three of these showed 
no alteration whatsoever in the emholized part of the lung, and four presented 
hemorrhagic infarct-like areas. Thus; 

Protocol (dog 12). — Death occurred on the second day, preceded by symptoms 
of acute respiratory disease. On examination, the bronchi were found injected 
and containing mucopus. The lungs were heavy and red but air-containing, and 
on section dripped thin bloody fluid. The embolus was situated at the center of 
the left lower lobe in the lumen of an arteriole, and the lung substance peripheral 
to this point, in a pyramidal area, was infdtrated with blood and firmer in con- 
sistency than the surrounding lung, although air-containing. Figure 1 gives the 
microscopic appearance of this tissue. The alveolar septums are seen to be packed 
with e.xtravasatcd red blood corpuslccs. 

Four dogs died in from four to seven daj’s with purulent bronchitis, broncho- 
pneumonia and hemorrhagic infarction of the lung. The pneumonic areas were 
similar to those in group 2 (dog 7), and the infarcts the same as that in dog 12 
of this group. 

Twenty-five dogs survived and were killed on the twelfth darv These may 
be classified according to the type of lesion presented, as follows: 

Thirteen had purulent bronchitis of various degrees of scverit.v, and the einbo- 
lized parts of the lungs presented hemorrhagic infarct formation. These infarcts 
differed little from that of dog 12. 

Four showed bronchitis, bronchopneumonia and hemorrhagic infarct. 

Five had bronchopneumonia, and the emholized zone presented atelectasis. 
Thus : 

Protocol (dog 32). — During the first seven days after inoculation, the animal 
appeared sick, refused food and lost weight markedly. There were no respiratory 
symptoms. At autopsy on the twelfth day, the bronchi were found to hold a 
moderate amount of mucopus and the parenchyma to have firm, efev'ated, airless 
gray patches, infiltrated with pus but intact and without abscess formation. The 
embolus was found in the center of the right middle lobe, and the surface of the 
lung distal to this was depressed, smooth, dark gray and airless. Section showed 
this solid tissue to extend into the parenchyma from 2 to 3 mm, from the surface 
only, and the tissues beneath were more fibrous than normal, but air-containing. 
No evidence of active inflammation was present. On blowing into the bronchus 
of the lobe to inflate the lung, the solid area did not fill with air. This lesion 
is illustrated in figure 2 in specimens from three of the dogs. 

Two showed bronchitis, broncliopneumonia and septic infarction. Thus: 

Protocol (dog 17). — Depression, anorexia, increasing weakness, and finally 
cough and nasal discharge followed the inoculation. E.xtreme dyspnea preceded 
death in twelve days. At autopsy, the lungs showed multiple areas of coiisoh'da- 



I-AN ALLEN ET AL.-BRONCHOGENIC INFECTION 1283 

ir.Lr,’»ISy (4 3 .mb.l4 «-a. lodged in the lei. npper lobe neoe 

the hilum (fig. 4). Distal to this point \vas a sharply demarcated area of infarc 
dlstlibuILn that n-as consolidated but presented a different appearance from that 
of the consolidated patches elsewhere. The surface was covered with fibrm and 
adherent to the parietal pleura At several points the surface was ulcemted and 
on being detached from the wall of the chest, exuded pus The ° 

the underlying lung was soft. On section, it was uniformly gra> and the 






fj 


Fig. 1 (dog 12). — Pliotomicrograph of the infarcted area of the lung tivo days 
after bland embolism and septic intrabronchial insufflation. Note the extravasa- 
tion of the red blood corpuscles in the alveolar walls. 

at points liquefied and degenerated into abscesses containing thick pus and debris. 
•\t other parts, and particularly in the region of the interlobular septums, the 
parenchyma appeared viable although heavily infiltrated with purulent exudate. 
Histologic.ally, the lung in this sector was found largely gangrenous and infiltrated 
uilh pobmorphomiclcar lenkocites (fig, 5). The bronchioles and the connective 
tissues immediately surrounding them were intact, but also infiltrated. 

A similar picture of septic infarction with focal necrosis was shown by the 
other dog ami is illustrated in figure 6. 
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Dog 14 presented purulent bronchitis, bronchopneumonia and abscess 
Protocol (dog 14) —The dog was acutely ill after insufflation and until it 
uas killed in tvvehe days. The trachea and bronchi contained considerable muco- 
pus. While there was a general pulmonary congestion, the only significant lesion 
found was in the left upper lobe (fig. 7). The distal surface of the lobe was 
firmly attached to the parietal pleura and the distal half of the lobe was occupied 
by a single abscess cavity filled with foul smelling pus Immediately adjacent to 
the abscess on its proximal side and embedded in a vessel lumen in rclatuely 
normal parenchyma of the lung was found the embolus 

Dog 25 had bronchitis, bronchopneumonia and gangrenous infarction 
Protocol (dog 25). — When kilted on the twelfth day, the dog was severely ill 
and had been progressively so for many days, with cough, loss of appetite and 
failing weight and strength. Autopsy showed the lungs partly collapsed by an 



Fig. 2. — Lobes of three dogs twelve days after bland embolism and septic intra- 
bronchial insufflation The embolized sector presents a patch of superficial chronic 
atelectasis. 

accumulation of thin, purulent, foul fluid in the pleural cavities There was an 
intense purulent bronchitis and general pulmonary congestion and edema The 
left upper lobe (fig 8) was attached to the parietal pleura with fibrin strands that 
separated easily The lobe was sharply divided into two nearly equal parts, one 
air-containmg and similar in appearance to the other lobes, and the other airless, 
soft and black On section, the latter portion was uniformly black, soft and 
friable, and the embolus tias found just proximal to it. Microscopicallj, the 
infarcted tissue was totally and uniformly necrotic 

Stimmary of Results. — Sixty-four dogs comprised three groups of 
experiments. In six dogs, sterile embolus was given alone. One died 
of pneumonia on the seventh day and showed a gangrenous infarct of 
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the lung. The remaining dogs were killed on the eighth day. One had 
a small area of hemorrhagic infiltration in the embolized zone and a 
bronchopneumonic infiltration elsewhere. The other four were free 
from pulmonary infection and showed absolntel}' no change m the 
embolized portion of lung. 

Twenty-two dogs were inoculated intrabronchially with sputum irom 
patients with chronic suppurative diseases of the lungs. Ten of these 
died within four days from toxemia and showed bronchitis, pulmonary 
congestion and pneumonia. Twelve survived, and on the twelfth day 
two showed bronchopneumonia, three purulent bronchitis, and seven 
had norma! lungs. In none of this group was there pulmonary abscess 



Fig. 3 (dog 17). — Piiotomicrograph of the lung with insufflation pneumonia at 
twelve days. Note tlie retention of tissue vitality. 


formation or other evidence of devitalization of the parenchyma of the 
lung. 

rhirt\--six dogs received both sterile embolus and intrabronchial 
sputum inoculation. Seven died in two da^'s from toxemia and 
.s!!ot\'cd bronchitis and pulmonary congestion. The embolized portion of 
tbe lung was hemorrhagic in four and unchanged in three. Four other dogs 
diffl in from four to seven days, with bronchitis, bronchopneumonia and 
temorrhagic infarction. The remaining twenty-five survived until killed 
m twelve days ; autopsy showed a variety of lesions in the embolized 
segment of the lung. Thus, seventeen dogs had hemorrhagic infarcts 
Ine atelectasis of a chronic type, two inflammatory consolidation with 
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focal necrosis, one solitary abscess formation, and one frank massive 
gangrene. 

COMMENT AND CONCLUSIONS 

These experiments demonstrate different effects following intra- 
bronchial inoculation of lung that has been embolized from those which 
occur after such inoculation of normal lung or from the embolus acting 
alone. 

Where bland embolism was employed alone, no cellular alterations 
appeared in the segment of lung affected, in four of six dogs so treated. 
It is significant that in tiie remaining two animals, where changes did 
occur, viz., hemorrhagic infarction and gangrenous infarction, other 



Fig. 4 (dog t7). — Left upper lobe twelve days after bland embolism and septic 
intrabronchial insufflation. The infarcted zone presents foci of necrosis, some of 
which e.xtend to the pleural surface. 

parts of the lungs displayed evidences of infection acquired spontane- 
ously. The infarct lesions were similar to those appearing in group 3 
in which the lung was intentionally infected. Accordingly, this group 
alone suggests that bland embolism affects no cellular alterations unless 
the. lung is infected. 

Intrabronchial inoculation of the normal lung resulted in a high 
mortality from toxemia and pneumonia. Several animals, on the other 
hand, were not made appreciably ill and in twelve days showed no lesions 
other than bronchitis. Others developed pneumonia and were recovering 
when killed. In none of these twenty-two dogs was there devitalization 
of the lung and abscess formation, although every opportunity was 
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afforded for inducing suppuration by using highly virulent and specific 
bacteria (Vincent’s fusospirochetes and Fungus uocardia) in mixtures 
w-ith other pyogenic organisms from a focus of pulmonary suppuration 
and by depressing cough reflexes and retaining the inoculum in contact 
with the lung for many hours after inoculation. 

Intrabronchial inoculation combined with bland embolism resulted in 
hemorrhagic infarction in twenty-five of the thirty-six dogs so treated. 
Five showed chronic atelectasis, two inflammatory consolidation with 
focal necrosis, one solitary abscess, and one massive gangrene. Striking 
features in these lesions were tiiat the embolus lay just proximal to the 



Fig. 5 (dog 17). — Photomicrograph of the embolized sector of the lung twelve 
days after bland embolism and septic intrabronchial insufflation. Note the loss of 
tissue vitality. 


lesion and embedded in normal lung, and that the lesion was strictly 
confined to the territory supplied by the embolized vessel. Elsewhere, in 
nonembolized parts of the lung, the same effects of the bronchial con- 
tamination appeared as in animals not receiving embolus (group 2). 

The various alterations which thus appeared in response to a com- 
bination of intrabronchial inoculation with sterile embolus are inter- 
pretable on a basis of alterations in tissue vitality. Thus, the extreme 
change, i. e.. massive gangrene, represented total and uniform tissue 
t eath; solitary abscess formation represented central devitalization plus 
ntection; septic mfarct formation showed devitalization of parts only 



1288 


ARCHIVES OF SURGERY 


that were farthest from the Ijronchial vessels, plus infection; atelectasis 
was the result of bronchial obstruction from fibrosis of foci of necrosis; 
and hemorrhagic infarction of the otherwise intact parench3TOa of the 
lung must have occurred from fragilit}' and rupture of the capillary wall. 

One factor in these animals to account for this reduction of vitality 
is embolic obstruction of the pulmonary blood supplj', but in group 1 it 
is shown that such does not occur from embolus alone. Another 
prominent circumstance is contamination of the bronchial tree with 
infectious material ; but the essential factor here is probably not the 
direct necrotizing action of the bacteria, for tissue vitality was lost first 
by the parts farthest from the bronchi, and in the least grade of lesion, 
hemorrhagic infarction, there was no evidence of infection of the 



Fig. 6 (dog 18). — Riglit lower lobe twelve days after bland embolism and 
septic intrabroiichial insufflation. The infarcted area presents foci of necrosis. 

parenchyma. Additional vascular occlusion was evidently the factor 
supplied b}' the intrabronchial contamination. Thus, bronchitis pro- 
duced peribronchial congestion, and this jeopardized the blood supply 
of parts at a distance to the bronchi which after pulmonary embolism 
rely practicall}' entirely on the bronchial vessels. Of course in addi- 
tion to vascular occlusion from these two sources, devitalization was 
contributed to by direct bacterial action to a considerable degree in the 
severer lesions. 

It may be concluded, accordingly, that lung tissue which retains only 
its bronchial blood supply behaves toward pyogenic infection in a manner 
similar to that of other tissues having a blood supplj'’ of corresponding 
amount ; that is, where the infection is sufficiently virulent focal or dif- 
fuse necrosis occurs. 
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It should be pointed out that the suppurative process produced m 
the lung by combining bland embolism with bronchial contamination is 
of a different nature from that which results from a septic embolus. 
In the former it is diffuse and occupies more or less uniformly the 
entire embolized sector of lung, since the infection arises m all parts 
from the bronchial tree, while in the latter it centers at the embolus and 
lacks infarct distribution. 

The principle of ischemia in infections of the lung probabh' has 
clinical significance. Thus, it may pertain to postopeiative pulmonaiy 
complications, since both embolism and bronchial contamination occur 



Fig. 7 (dog 14). — Left upper lobe twelve days after bland embolism and septic 
intrabroncliial insufflation. The cut surface of the lobe is seen and presents a 
large abscess lying distal to die embolus, 

in conjunction with surgical operations.^ If, in the presence of intra- 
bronchial infection, a small fragment of blood clot from near the opera- 
tive field lodges in the lung, what might otherwise have been an 
uncoinjilicated bronchitis or pneumonia may develop into a suppurative 
lesion. Phis could occur whether the embolus were sterile or infected 

and may account for certain pulmonary abscesses following sterile 
operations. 

1 Inomhosis of a pulmonary arteriole would have the same effect as 
cm lobsm. and this suggests an explanation for certain other phenomena 
o suppurative diseases of the lung. Postpneumonic abscess of the lung 
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may be caused b}- thromI)osis of an arteriole lying within the pneumonic 
area; indeed, the rarity of arterial thrombosis in pneumonia, as far 
as we are acquainted with it, makes this the more plausible, since 
abscess after jineumonia is also rare. Likewise relapses and abrupt 
changes for the worse that are occasionally seen in pulmonary suppura- 
tion, with new extensions of ulceration and gangrene, are probably 
the result of thrombosis and devitalization of new parts. Empyewa 
complicating j^neumonia, especially where cortical “abscesses” are seen 
and where bronchopleural fistula appears, nray be caused by thrombosis 
of a peripheral cortical vessel. 





Fig 8 (dog 25) — Left upper lobe twelve days after bland embolism and septic 
intrabronchial insufflation. The distal half of the lobe is gangrenous. 


It should be emphasized that obstruction of the pulmonar}' artery in 
the presence of bronchial contamination does not necessarily lead to 
softening and suppuration, for this occurred in only four of thirtj'-six 
dogs. Also, there is no appreciable tendency for localization of infection 
in the embolized area; indeed, in these dogs pneumonia often existed 
only in nonembolized parts Evidently, the bronchi of an embolized 
zone, since they retain their normal blood suppl}' are no less 
susceptible to infection and serve to protect the surrounding parenchyma 
from it in a normal fashion; but once the infection succeeds in invading 
the irarenchvma, it finds reach- medium in the devitalized parenchyma. 
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SUMMARY 

Attention was called to the facts that abscess develops much more 
readily from embolic than from intrabronchial inoculation of the lung, 
and that the lung appears to be in general much more resistant to 
necrosis and suppuration than are other tissues. 

Experimental test was made of the hypothesis : The greater vitalit}"^ 
of the lung in pyogenic infections is due mainly to a greater blood sup- 
ply, and elimination of the pulmonary circulation, as by embolism, 
reduces the blood supply and tissue vitality to the common level. 

It was concluded that the hypothesis is essentially correct. This 
principle was applied to explain the pathogenesis of certain suppurative 
diseases of the lungs, viz., postoperative abscess of the lung especially 
following sterile operations, postpneumonic abscess of the lung and 
empyema, and relapses in suppurative diseases of the lung in general. 
Hemorrhagic infarct may have a similar origin. 
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PHILADELPHIA 

Suppurative lesions in tlie lungs result from pyogenic organisms 
entering by way of the air passages and the blood stream, or by direct 
extension from contiguous structures. The term pulmonary suppura- 
tion has been used rather indiscriminate!}' to include both abscess and 
bronchiectasis and while these lesions may be associated, an effort 
should be made to differentiate them clinically. The term pulmonary 
abscess as used here refers to the circumscribed suppuration which 
eventuates in cavity formation, softened tuberculous areas and bronchi- 
ectasis being excluded. Among 172 cases which constitute the basis 
of this report, no abscess due to the aspiration of a demonstrable foreign 
body or secondary to new growth has been included. These types of 
pulmonary abscess have certain distinctive pathologic and clinical 
features which call for separate consideration. Reference will be made 
to them when the diagnosis is considered. 

Among the 172 cases in our grouj?, 108 occurred in males (62.8 
per cent) and sixty-four in females (37.2 per cent). The age of the 
patients varied from 1J4 to 66 years, the average being 31 years. The 
percentage of distribution of the cases by decades is as follows: first 
decade, 6.4 per cent; second decade, 10.5 per cent; third decade, 27.9 
per cent; fourth decade, 30.8 per cent; fifth decade, 18.6 per cent; sixth 
decade, 3.6 per cent and seventh decade, 2.3 per cent. While pulmonar}' 
abscess may occur at any age, one half of the cases in our senes 
occurred in patients between 20 and 40 years. This is in contrast to 
the predominance in the earlier years of life of the pulmonary suppura- 
tion due to aspirated foreign bod}', and the increasing frequency in 
later years of pulmonary abscess associated with new growth. 

ETIOLOGY 

Etiologically, the cases in this series fall in three main groups: 

Pulmonary Abscess FoUozuing Surgical Ot>eration . — This group 
includes 121 of the 172 cases, or approximately 70 per cent of the 


* From the Jefferson Medical College Hospital. 
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series. The operations were : (a) tonsillectomy, ninety-seven instances 
(general anesthesia in eighty-eight, local anesthesia in four, anesthesia 
not stated in five) ; (b) oral operations, such as tooth extraction, etc., 
ten instances (general anesthesia in seven, local anesthesia in three) , 
(c) operations in other parts of the body, e.g., appendectomy, hernior- 
rhaphy, etc., fourteen (general anesthesia in eight, anesthesia not stated 
in six)'. Tonsillectomy constituted 56 per cent and tonsillectomy and 
oral operations 62 per cent of all the cases. 

Pulmonary Abscess Follotmig Acute Infection of Respiratory 
Tract. — This group includes forty-three of the 172 cases, or approxi- 
mately 25 per cent of the series. Difficulty was encountered in 
determining the character of the respiratory disease preceding the onset 
of the pulmonary abscess. According to the patient’s history, an acute 
infection of the respiratory tract, variously called “an acute cold,’’ 
influenza, acute bronchitis, preceded the symptoms of abscess in 
twenty-two instances, or approximately 13 per cent of the whole series. 
Pneumonia was stated to precede the occurrence of abscess in sixteen 
instances or 9.3 per cent of the series. In five of these cases there 
was a complicating pleurisy, and in one a rib resection had been done 
for empyema. In two cases each, a simple acute pleurisy without 
effusion and bronchopneumonia were stated to have preceded the onset 
of pulmonary abscess. 

It is our o])inion that the acute respiratory lesions considered as 
antecedent to the occurrence of abscess of the lung probably represent 
variations in the severity of the initial manifestations of the pyogenic 
infection. Occasionally, with widespread pyogenic infection, the acute 
onset and diffuse character of the pulmonary lesion grossly resemble 
lobar pneumonia. Later, with localization an.d distinct abscess forma- 
tion, the sequence of events may easily be misinterpreted as abscess 
complicating or following lobar pneumonia. 

Miscellaneous Group. — In this group the abscess was said to follow 
a chest injury (automobile accidents, stab wound with empyema) in two 
instances, drowning accidents in two instances, poisoning from sewer 
gas in one instance, and from unknown causes in three instances. 

The infection in pulmonary abscess is usually polymicrobic. Our 
associate, C. J. Bucher, has in preparation the complete report of the 
bacteriobgic observations in our patients. His studies have been made 
on specimens collected by direct bronchoscopic aspiration or at opera- 
tion. Spirochetes and fusiform bacilli are commonly found in associa- 
tion with pyogenic cocci. 


a nx:. 




\Mnle pulmonary abscess may be single or multiple and occur 
>on- part of the lung, they were found to be localized in one lobe 
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79.3 per cent, in two lobes in 19.5 per cent, and in three lobes in 1.2 per 
cent of the 169 cases of our series in which accurate localization was 
attempted by combined physical, roentgenologic and bronchoscopic 
examinations. It is often stated that the lower lobes, and especially 
the right, are more frequently involved. In our experience, involve- 
ment of the upper lobe is more common. 

CLINICAL ItANIFESTATIONS 

F. T. Lord has pointed out that the symptomatology of the post- 
operative and nonoperative group does not var}'' materially. This has 
been our experience. One of us (Clerf analyzed carefully the time 
of onset and the development of the S3'mptoms after tonsillectomy in 
forty-seven cases. The time of onset of symptoms varied from one to 
thirty-five days. The average time of occurrence of definite symptoms 
(pain, fever, chills or chilliness, cough with or without expectoration. 

Table 1. — Distribution of Pulmonary Abscesses 


Jlonolobar Lesions (131 eases) 

Eight upper lobe 49 Left upper lobe 30 

Right jnidaie lobe 10 Lett loner lobe 23 

Eight lower lobe 22 

Multllobnr Lesions (35 cases) 

Vallatcral (33 cases) 

Right inlddie and lower iobes 14 Left upper and loner lobes n 

Eight upper and loner lobes 4 

Eight upper and middle lobes 4 

Bilateral (2 cases) 

Eight middle and lower lobes and left upper lobe 1 

Eight upper and middle lobes and left upper lobe I 


and hemoptysis) was seven and two-tenths da 3 'S. Often the patient 
was listless and irritable for several da 3 '^s before the onset of distinct 
symptoms. A brief period of malaise with general weakness and slight 
fever is not uncommon after uncomplicated tonsillectomy. Not infre- 
quentl 3 ' it is stated that the patient “caught a cold” while at the hospital 
or more often, when returning home. 

Pain referred to some part of the chest was the most commoniy 
observed early symptom. It is described as sharp, stitchlike, or stabbing, 
made worse by coughing or deep breathing, and suggests the pain of 
pleurisy. In one case, it came on twent 3 '^-four hours after operation. 
In twenty-two cases (46 per cent), pain was the first symptom and was 
obsen’^ed within four days following operation. 

Fever, without chill or chilliness, occurred as the first symptom in 
eight cases (17 per cent). It is present at some time or other in prac- 
tically all cases, and usually subsides after adequate drainage has been 

1. Clerf, L. H. : Lung Abscess Following Tonsillectomy, Atlantic M. J- 31: 
911 (Sept.) 1928. 
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established. Continuance of fever after drainage has spontaneously 
occurred suggests either an extension of the infective process or defec- 
tive drainage. A recrudescence in the later stages of the disease usually 
indicates interference with drainage. Fever with chills or chilliness 
was noted as the first symptom in six cases (13 per cent). Severe 
rigors, uncommonly observed, usually indicate extension of the 
pulmonar}' lesion. 

Cough, without expectoration, was the first complaint in eleven 
cases (23 per cent). With rupture of the abscess into a bronchus, 
cough becomes a frequent and distressing symptom and is associated 
with expectoration of purulent material. The earliest occurrence of 
purulent expectoration was five days after operation, a large quantity 
of fetid pus being evacuated. The longest interval was forty-eight days 
after operation. In twelve cases (25 per cent) purulent expectoration 
was observed on or before the seventh day. 

The material first expectorated varied in quantity and in appearance. 
In several cases a large quantity (from 1 to 2 cupfuls) of dark fetid 
material suggesting decomposed blood was expectorated within several 
hours. 

Hemoptysis as a first symptom did not occur in any of the cases in 
this special group. In one instance a considerable quantity of blood 
was expectorated on the seventh day. 

The onset and development of symptoms (the clinical picture) are 
more important in the diagnosis in the individual patient than the total 
of the symptoms occurring in the individual or in the group. The 
following tabulation prepared from the history taken on admis- 
sion in 114 cases gives some idea of the relative frequency of 
the symptoms: cough, 99.1 per cent; expectoration, 86.8 per cent; pain, 
71.5 per cent; hemorrhage, 44.7 per cent; dyspnea, 13.1 per cent, and 
fever, with or without chilliness or chills, 62.2 per cent. 

The blood count revealed a great variation in the number of 
leukocytes, a count within the normal range being not uncommon. A 
moderate secondary anemia was common ; a pronounced anemia 
occurred in about 20 per cent of the cases. 

DIAGNOSIS 

The determination of the presence and the location of a pulmonary 
abscps requires a consideration of the history, symptoms and signs, 
studies of the sputum, roentgenologic observations and bronchoscopy! 
The occurrence of cough and fever after operation, especially about the 
upper respiratory tract, should focus attention on the possibility of 
pulmonary abscess. Tiie sudden appearance of purulent expectoration 
or the occurrence of a severe paroxysm of cough during which con- 
siderable pus IS expectorated, is highly significant, although this may 
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occur in_ perforating empyema and perforating suhdiaphragmatic 
abscess. Tlie presence of elastic fibers in the sputum in the absence of 
tubercle bacilli is evidence of a nontuberculous destructive lesion. The 
physical signs are not distinctive. The small deep-seated abscess may 
give rise to marked symptoms and indefinite sign's. In the larger and 
more superficial abscesses the signs are usually those of consolidation 
which may occur in anj' part of the chest. A pleuritic friction sound is 
common, though frequently overlooked. Distinct cavity signs are so 
infrequent in pulmonary abscess that their absence should have no 
weight in diagnosis. The roentgen and bronchoscopic examinations are 
invaluable in the complete diagnostic study and aid particularly in the 
localization of the lesion. Such localization is essential in the considera- 
tion of therapy. 

The conditions to be differentiated from pulmonarv abscess are: 

1. Tuberculosis. Pulmonary abscess, especially of the upper lobes, 
may easily be mistaken for pulmonary tuberculosis unless the history, 
the character of the sputum, including the presence of tubercle bacilli, 
and the roentgenologic observations, are carefully considered. Patients 
with pulmonary abscess are not infrequently referred to tuberculosis 
sanatoriums. 

2. Bronchiectasis. In recent cases of pulmonary abscess, the dif- 
ferentiation from bronchiectasis is usually not difficult. The history and 
the observations on ply^sical, roentgenologic and bronchoscopic examina- 
tions are usually conclusive. In the cases of long standing, however, 
the lesions of abscess and bronchiectasis present so much in common and 
so frequently co-exist that the differentation may be difficult (fig. 1/d 
and B). 

3. Pulmonary suppuration due to aspirated foreign body. This is 
more common during the earl}" years of life, but may occur at any age. 
The history may be inconclusive and the latent interval between aspira- 
tion and the development of pulmonary symptoms ma}" be misleading. 
Tbe symptoms and signs may resemble those of nonforeign body 
abscess ; however, in cases of foreign bodies the asthmatoid wheeze, the 
tendency of the signs to change with the shifting of the foreign bod}' 
and the occurrence of signs of bronchial obstruction are commonly 
found. The roentgenologic and bronchoscopic examinations are 
conclusive. 

4. Interlobar empyema. The physical signs are most marked in the 
region of the interlobar septum ; there may be some displacement of 
the heart, and the sputum, if purulent, rarely contains elastic fibers. 
The roentgenologic observations are important. 

5. Neoplasm. Diagnostic bronchoscopy is the only method by which 
primary new growth in the lung or pulmonary abscess secondary to pri- 
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mavy new growth can be recognized with certainty unless extrathoracic 
metastases are present. 

6. Syphilis and the mycotic infections. These are rare. The history, 
concomitant evidence of syphilis or of the mycoses in other parts of 
the body, the Wassermann test, and the studies of the sputum are 
important. 

7. Pulmonary gangrene. The distinction is not difficult in the 
typical case with marked fetor of the breath and sputum and profound 
systemic disturbance. In other instances the lesions of abscess and 
gangrene so closely resemble each other that differentiation is not 
possible. The finding of spirochetes and fusiform bacilli does not serve 
to differentiate the two conditions. 



Fig. 1.— Post-tonsillectomic abscess imolving the upper lobe of the left 
lung. A, a roentgenograin made after admission of the patient to Jefferson 
Hospital, shows a single abscess with multiple cavities. Bronchoscopic treat- 
ment was instituted with marked improvement in the acute symptoms; sur- 
gical intervention was delayed because of this improvement and later. 'when 
resorted to, was probably inadequate B is a pneumonogram demonstrating devel- 
opment of bronchial dilatations throughout the left lung. Thoracoplasty is indi- 
cated for the bronchiectasis. 


rKUCixNUbib 


F. I. Lord-- staled that the expectation for life of patients with 
pulmonary abscess has never been accurately determined, and from an 
analYMs of a large group of cases concluded that the theoretical out- 
look m unoperated pulmonary abscess may be estimated as a mortality 
of about /4 per cent. Lord estimated that under medical treatment 
■done recov ery occurs m about 11 per cent, and incomplete recovery 

iSi;, niCSm. 
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occurs in aljout 15 per cent of the cases. Among 172 patients under 
our observation since 1923, eleven are considered as untreated because 
they were either referred for diagnosis only, securing treatment else- 
where, or because they have so recently come under observation (1 
case) that an analysis of the present status cannot be made. Among the 
remaining 161 patients treated medically, bronchoscopically or surgically, 
eighty-one recovered (50.3 per cent), forty-eight were improved (29.8 
per cent), eight were unchanged (5 per cent), two had a recurrence after 
apparent recovery (1.2 per cent) and twenty-two died (13.7 per cent). 
The prognosis is unquestionably influenced by a number of factors : 

1. The severity of the pyogenic infection. In the presence of a 
virulent infection and widespread purulent pneumonia, or when multi- 
lobar abscesses or complications are present, the prognosis is grave. 

2. The age and previous condition of the patient. These factors 
are important, esjDecially in the group in which surgical intervention is 
indicated. 


Table 2 — Affc of Patient in Relation to End-Result 


Age Period 

Recovery 

Improved * 

Unchanged 

Dentil 

Kccurrcnce 

Totals 

1-10 , 

8 

1 

1 

1 

0 

31 

11-20 

8 

7 

0 

2 

0 

17 

21-30 

21 

35 

3 

7 

1 

47 

31-40 

. 23 

35 

2 

8 

0 

4S 

41-SO 

17 

0 

2 

3 

1 

29 

over-50 

4 

4 

0 

1 

0 

9 



_ 





Totnis 

81 

48 

8 

22 

2 

161 


* By Improved is meant marked lellet from 'ubjcttnc symptoms, diminution in the abnor- 
mal pliysieal and roentgen changes, and marked clearing of tlie process on bronchoseopic 
examination. 


3. The location of the abscess. Centrally located abscesses are 
amenable to bronchoseopic treatment, while peripherally located abscesses 
usually require surgical intervention. 

4. The occurrence of complications. Cerebral abscess, cerebral 
embolism, hemorrhage, suppurative pericarditis, acute diffuse pneumo- 
nitis and endocarditis are all complications which feature in the high 
mortality rate. 

5. The duration of the disease before bronchoseopic and surgical 
treatment is instituted. 

6. The care with which patients are selected for the bronchoscopist 
and the surgeon. Obviously the sine qua non to recovery is adequate 
drainage either through the air passages or by external incision. 

roentgenology in diagnosis and localization 

The roentgenographic appearance of pulmonary abscess vanes, 
depending on the stage of the disease, the location, and the presence or 
absence of complications, notably clianges in the pleura. 
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Before drainage occurs, the involved area appears as a homogeneovts 
density with poorly defined margins. In this stage the appearance is 
that of consolidation, and when the process follows pneumonia it is 
considered as delayed resolution. Acute suppurative pneumonitis may 
be mistaken for pneumonia. 

Softening of the tissues and evacuation of the pus through a bronchus 
gives the roentgen appearance of a cavity containing fluid and air sur- 
rounded by a zone of increased density. Change in body position alters 
the relation of the fluid level in the cavity. The relative sizes 'of the 
inflammatory zone and the cavit}’’ vary greatly. 

The conditions to be differentiated roentgenologically from pulmonary 
abscess are : 

1. Tuberculosis. In tuberculosis with cavity formation there is 
usually an antecedent history of tuberculosis, the cavity commonly is 
apical, and there is often evidence of tubercle fonnation in the opposite 
lung. Tuberculous cavities rarely contain fluid in great quantit}'^, while 
fluid is usually demonstrable in pulmonary abscess. Multiple cavity 
formation is more often demonstrable in tuberculosis than it is in 
abscess. 

2. Neoplasm. Abscess secondary to pulmonary new growth, espe- 
cially neoplasm of the bronchus, gives rise to no characteristic 
roentgenogram unless pulmonary metastases are present. 

3. Bronchiectasis. Bronchiectasis uncomplicated by extensive changes 
of the pulmonary tissues is readily distinguished roentgenologically from 
pulmonary abscess (fig. 2). In this type, cavity formation is not 
evident on the simple roentgenogram ; the increased markings are usually 
diffuse and occur in the lower portion of the pulmonary fields as an 
increased haze. The instillation of iodized oil in these cases reveals 
saccular or cylindric dilatations of the bronchi. Dilatations of the 
bronchi occurring as a result of pulmonary suppuration of long stand- 
ing are not readily differentiated from their cause because they are 
accompanied by marked tissue changes producing on the roentgenogram 
a deiise shadow in which the outlines of the cavities are lost. 
Pneumonography after bronchoscopic aspiration is the only method 
which will indicate the exact anatomic change and reveal the cavities 
which are present (fig. 1). 

^ 4. Interlobar empyema. Interlobar empyema is often differentiated 
with difiicuity from pulmonary abscess. Before rupture, the interlobar 
collection of fluid presents a similar picture to that of abscess before 
cavity formation. After rupture and drainage, it may roentgenograph- 
ically simulate the cavity of abscess. The history of a precedine 

pneumonia with the occurrence of the changes in the vicinity of the 
fissures is of value. 
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The best localization from the surgical standpoint is by the 
roentgen method, using postero-anterior and lateral exposures. In 
abscess of the upper portion of the upper lobe, localization in the lateral 
view is not always satisfactory and dependence must be placed largely 
on the physical examination. 

Fluoroscopic localization with the patient in the position in which 
the operation is to be performed is of value, and should be done in the 
presence of the surgeon. Localization in relation to ribs is preferable 
to skin localization. 

Determination of the most superficial portion of the abscess is most 
important because at this point the surgeon finds pleural adhesions if 
they are present. 



Fig 2 — Bronchiectasis of the right lung of two yeais' duration complicated 
by the development of a pulmonary abscess A, a roentgenogram made before 
development of the abscess, shows e.vtensive changes in the right lower lobe, B 
shows an abscess with fluid level which cleared up completely following external 
drainage. The wound healed Thoracoplasty is indicated for the bronchiectasis 

In the typical abscess witli cavity and fluid, the foregoing 
method is sufficient for localization. When the abscess is long 
standing and complicated by adjacent tissue changes and thicken- 
ing of the pleura, bronchoscopic pneumonography is of value. Under 
fluoroscopic guidance it is possible to control the quantity to be instilled 
and to direct the bronchoscopist to the area of greatest involvement 
Care must be taken that the pneumonogram does not mislead one ; some- 
times the oil collects in the parenchyma in a localized area in such a wai' 
as to simulate an abscess. Distinguishing features are that there is no 
fluid level and the iodized oil occupies an area free from disease on the 
roentgenograms made before the instillation. 
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The progress of the patient under treatment is readily determined 
by serial roentgenograms. The occurrence of complications such as new 
areas of involvement, metastatic abscesses or pleural changes may be 
recognized. 

GENERAL CONSIDERATIONS OF TREATMENT 


Medical treatment comprises rest, sjmiptomatic care, attention to the 
diet and measures to improve the general condition of the patient. 
I^Iedical treatment alone is indicated in the early acute phase of 
pyogenic infections before abscess formation has occurred. In other 
instances it is combined with bronchoscopic or surgical treatment or 
both. Caution is necessary in the administration of cough sedatives 
which favor stagnation, a factor in prolonging suppuration to a chronic 
or fatal issue. Postural drainage is important in supplementing 
bronchoscopic drainage in pulmonary abscesses located near the hilum 
and in communication with the tracheobronchial tree. In this location 
the abscess tends to drain spontaneously into the large bronchi but is 
frequently prevented from so doing by ciliary denudation, obstructing 
granulations or the weight and bulk of retained secretions. Bronchoscopic 
drainage is particularly indicated in this type of case. When the abscess 
is peripherally located in connection with only small terminal bronchi, 
drainage can rarely be established apart from external operation. 

Our general attitude is to treat patients with 25ulmonaiy abscess 


conservatively, including bronchoscopy, unless surgical intervention is 
definitely indicated at the time the patient comes under observation. 
The possible advantage of surgical measures is considered in every 
patient, but they may be spared the external operation b}' careful 
bronchoscopic treatment. Conservative measures may prepare the 
patient for surgical intervention, but on the other band, the disease 
should not be allowed to go on indefinitely until fibrosis and bronchiec- 
tasis occur and render the ultimate surgical intervention difficult and 
unsatisfactory. The whole problem of the treatment in the individual 
^ase requires close cooperation of the internist, roentgenologist, 
bronchoscojiist and surgeon. 


Artificial pneumothorax, in our opinion, is not only unsatisfactory 
hut danprous. Since the principal object of therapy in pulmonary 
aiscess is to secure adequate drainage, it is difficult to understand the 
rntionaie of treatment by induced pneumothorax. In tuberculosis, rest 
aiK nnmol)ilization of tlie lung are primary considerations, while in 
access, drainage is the sine qua non to recovery. Whittemore and 
ioni re ported that among eighteen patients treated by this method, 


" Balboni, G. Jil.; Kontuberculous Broncho] 


monary 
, Arck 
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two were completely cured, two were temporarily improved, three died 
from hemorrhage from the lung during treatment, five developed 
empyema, of which one died. These observers conclude that the value 
of artificial pneumothorax in the treatment for pulmonary abscess is 
questionable. 

Small transfusions of whole blood are of value in patients with 
marked secondary anemia, especially in the preparation for operation 
and in the after-care of those treated surgically. 

BRONCHOSCOPY IN DIAGNOSIS AND IN TREATMENT 

The ability of the bronchoscopist to inspect the interior of the larger 
bronchi and the orifice of the bronchial subdivisions renders bronchos- 
copy a valuable aid in diagnosis. Pus observed coming from the orifice 
of a bronchial subdivision is positive evidence of the presence of sup- 
puration ; whether the process is abscess of the lung, bronchiectasis or 
purulent bronchitis must be determined in conjunction with other 
methods of diagnosis. 

The importance of a diagnostic bronchoscopy in all cases of 
pulmonary abscess, unless distinctly contraindicated, irrespective of the 
method of treatment to be employed has been repeatedly demonstrated. 
Abscess of the lung ma\' be secondary to a neoplasm of the bronchus 
or an overlooked nonopaque foreign body. In either of these condi- 
tions, external drainage would be of questionable value. Bronchoscopy 
can positively establish the presence of bronchial obstruction and in the 
case of new growth a specimen of tissue can be removed for histologic 
examination. If the lesion is' benign, it can often be removed broncho- 
scopically ; if a foreign body is present, its removal will achieve cure in 
practically every case. 

The accurate localization of a suppurative process occasionally 
presents difficulties. Often one cannot determine if the lesion is in the 
lower portion of the upper lobe or in the upper portion of the lower 
lobe. The bronchoscopist can deRnitely ascertain whether pus comes 
from one or the other bronchus, and in this way he can localize the 
suppuration with relation to the lobes of the lung and not infrequently 
to the subdivisions of one of the bronchi. In certain cases of pulmonary 
abscess it may become necessary to resort to pneumonography for the 
accurate localization of the cavity. Instillation of iodized oil into 
the cavity is often extremely difficult since the communication between 
the abscess and the draining bronchus is often tortuous and filled with 
secretion, granulation tissue and swollen and edematous mucosa. 
Methods of instillation which are dependent on gravity are rarely 
successful in these cases. The best results are obtained by the 
bronchoscopic method of instillation of the iodized oil performed on the 
fluoroscopic table so that the aid of the fluoroscopist may be secured 
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in determining the quantity of material to be instilled, also to asceitain 
if a certain bronchial subdivision actually communicates with the 


abscess cavity. 

Bronchoscopic aspiration, in trained hands, can be safely and 
quickly carried out, and, in properly selected cases of pulmonary abscess 
it is one of the most efficient methods of treatment at our command. 
The excellent results obtained by a large number of bronchoscopists 
justify the opinion that bronchoscopy should be one of the methods of 
treatment to be considered in every case of pulmonary abscess. 

Adequate drainage, which is the most important factor in the spon- 
taneous recovery of these patients, can often be secured by bronchoscopy. 
This is accomplished by the removal of obstructing masses of granula- 
tion tissue, by the aspiration of the large quantity of pus which over- 
taxes ciliary activity (Jackson) in the smaller bronchi and by the 
removal of secretions from the abscess cavity with the aid of small, 
flexible-tipped, aspirating tubes. 

Every case of abscess is not suitable for bronchoscopic aspiration ; 
this must be determined by careful study of the patient by the internist, 
the roentgenologist and the surgeon. The matter of teamwork in 
determining the proper method of treatment and in following the 
subsequent progress of the patient has been discussed elsewhere. Its 
importance cannot be overemphasized (fig. 3). 

Duration of the disease need not necessarily be a determining factor 
in deciding on bronchoscopy ; in recent cases of abscess there is invariably 
more favorable response than in those of prolonged duration. In the 
latter cases, however, remarkable results have been obtained following 
a course of bronchoscopic aspiration. 


In our series, 127 patients with abscess of the lung were referred 
for bronchoscopic treatment. This group does not include those cases 
in wliich surgical intervention was indicated when the patients first came 


under our observation, cases in which a diagnostic bronchoscopy was 
done preliminary to external drainage or cases of abscess of the lung 
secondary to demonstrable bronchial foreign bodies. 

From an etiologic standpoint, the group was subdivided as follows : 
abscess of the lung following tonsillectomy, seventy-seven cases ; abscess 
of the lung following operations other than tonsillectomy, twelve cases ; 
a )scess of the lung following extraction of teeth but in which no foreign 
)Ody could be found, eight cases, and abscess of the lung complicating 
acule infection of the lower respiratory tract, thirty cases. In the group 
0 cases of abscess following tonsillectomy, a series of fifty-eight cases 
tiat nas reported in a previous paper is inclucled.’^ 

Of the 127 cases, the lesion involved the right lung in seventy-five 
the left lung m fifty ; there was bilateral involvement in two cases. 


[ 
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Monolobar involvement occurred in 104; two lobes weie involved in 
twenty-one ; in the bilateral cases three lobes were involved. The lobar 
distribution is shown in table 3. 

The lobar distribution in the post-tonsillectomic cases corresponds 
closely to that reported in a previous series. It is interesting to note 
that of the twelve postoperative cases (extra-oral), eleven involved the 
right lung. 

In this group, si.x patients are still under bronchoscopic treatment. 
In 121 patients, bronchoscopic treatment was discontinued because of 
complete recovery, improvement, lack of improvement, reference to the 
surgeon for external drainage, or death. The following tabulation is 
based on the results obtained in 121 cases: welt, sixty-six (54 per cent) ; 
improved, sixteen (13 per cent); no improvement, eight (6 per cent); 
referred to surgeon, twenty-eight (23 per cent), and died, three (2.4 
per cent). 



Fig. 3 — Roentgenograms of a patient, aged 354 years, admitted to the Chevalier 
Jackson Bronchoscopic Clinic, Jefferson Hospital, because of high fever, persistent 
cough and some difficulty with breathing There was a history of pneumonia ( ?) 
four months before admission. The child was extremely ill ; fever was septic in type, 
at times reaching 106 F. , there was marked anemia, hemoglobin being 32 per cent 
and red blood cells 2,300,000 per cubic millimeter. H is a roentgenogram made 
on admission of the patient by Dr. W. F. Manges, who reported as follows: 
"There are multiple foci of suppuration in both lungs. The middle and lower 
lobes are involved on the right side and the upper lobe is involved on the left 
side. There is evidence of cavitation.” Bronchoscopy was advised and aspiration 
was instituted with definite improvement A total of eight bronchoscopic aspira- 
tions were carried out during a period of twenty-six days. B was made five days 
after the last bronchoscopic aspiration; no evidence of cavity formation was 
found, and slight peribronchial thickening remained. The patient was discharged 
well. 

The best results are obtained when bronchoscopic treatment is 
instituted early in the disease. Jackson, McCrae. Meyer and others 
have repeatedly stressed this point. Its importance is well demonstrated 
in these cases. Of the entire group of 121 patients, sixty-two (51 per 
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under observation, the abscess is so close to tlie wall of the chest that 
it is safer to resort at once to external drainage than to risk the develop- 
ment of an empyema. ^'Ile type in which the abscess cavity has a 
markedly fibrosed wall will probabh' always require operation, but 
nothing is lost and often a great deal gained by bronchoscopic drainage 
and other conservative measures until the maximum benefit of such 
treatment has been obtained. 



Fig. 4 — Roentgenograms of a man, aged 29, who developed pulmonary symptoms 
following tonsillectomy under general anesthesia. He was admitted to the hronchos- 
copic clinic for treatment six weeks after onset of symptoms. A is a roentgenogram 
made on admission of the patient to the Jefferson Hospital There is an abscess in 
the posterior portion of the upper lobe of the left lung. Bronchoscopic aspiration 
was instituted with satisfactory results After nineteen treatments were given, 
cough and expectoration were negligible, and the chest seemed clear. B was 
made just before the patient was discharged. The inflammatory changes in the 
left upper lobe have almost completely cleared up. C was made two months 
after discharge from hospital There has been a recurrence of tbe pulmonary 
infection with e.vteiisive changes in the upper lobe Bronchoscopic treatment was 
again instituted without benefit Surgical drainage was carried out with complete 
recovery of the patient. 
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cases a posterior approach was used, dividing the rhomboid muscles 
and pulling the scapula outward. In one of these it was evident at 
operation that an anterior exposure would have been better, as the 
abscess cavity sloped downward and forward, and this was done sub- 
sequently. In the other two the abscess probably could have been 
reached just as well through an anterolateral incision. It is our feeling 
that the posterior approach in abscesses of the upper lobe is seldom 
advisable. In abscesses of the lower lobe the approach is posterior or 
posterolateral and in abscesses of the middle lobe, anterolateral. 

With increasing experience, our views regarding the proper pro- 
cedure in the surgical treatment for ])uimonary abscess have undergone 
certain changes. We are no longer content with simple drainage in the 
majority of cases, but believe that something more must be done if a 
complete cure is to be obtained. Obliteration of the abscess cavity 
depends on contraction of its wall, as well as on expansion of the lung. 
This cannot occur in large, superficially located abscesses while part 
of the abscess wall is held out b}!^ the rigid framework of the chest. 
It is therefore necessar}’ to resect a sufficient portion of the ribs near 
the abscess to permit this contraction to take place. Three or four 
inches (7 or 10 cm.) of two or more ribs, depending on the size 
and location of the abscess, should be subperiosteally resected and then 
the corresponding intercostal muscle bundles, with the periosteum of at 
least one rib, removed. Separation of these structures can be simplified 
by cautiously incising through an intercostal muscle bundle until the 
line of cleavage is found. In two of our cases the pleural cavity was 
accidentally opened, but no harm resulted other than the delay of the 
final stage of the operation. 

In this group of twenty-nine patients operated on, nineteen (65.5 
per cent) had obliteration of the pleural space in the region exposed. 
Eight (27.5 per cent) had light adhesions and only two had an unin- 
volved pleura (6.8 per cent). In none of the cases has suturing been 
done to bring about the adhesion of the pleural surfaces; dependence 
has been placed on the irritation of an iodoform gauze pack left in 
situ for about a week. Empyema occurred in one case. At autopsy 
there was found, in addition, an acute bronchopneumonia and a diffuse 
peritonitis. This patient had an abscess of the upper lobe and as far 
as it was possible to determine at postmortem examination there had 
been no leakage from the abscess into the pleural cavity. 

In fourteen of the twenty-nine patients operated on, drainage of 
the abscess was accomplished at the primary operation. In recent cases 
we have been more radical and believe that the final results are better. 
With ample exposure of the area involved, one can work with greater 
safety. Whenever possible, a large part of the outer wall of the abscess 
has been removed. In one instance, a small abscess of the middle lobe 
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has been necessary to remove regenerated rib; in some the entire pro- 
cedure has had to be repeated several times, but each time the cavity 
lias been smaller, and finally the remaining fistulas have spontaneously 
closed as the wound has healed. 

We have used local anesthesia alone in nineteen cases, local in con- 
junction with nitrous oxide anesthesia in eight cases and nitrous oxide 
or ethylene anesthesia alone in two cases. We prefer local anesthesia alone 
or local anesthesia with nitrous oxide analgesia to general anesthesia 
because it is safer not to abolish the cough reflex. With local anesthesia 
and nitrous oxide analgesia, if the patient wishes to cough, the mask 
is removed and the operation momentarily suspended. Morphine and 
atropine are given by hypodermic injection half an hour before the 
time set for operation.® 

There were ten deaths in the group of twenty-nine cases (34.5 per 
cent). This mortality may seem high, but we have not refused to 
operate on any patient, however ill, if operation has offered any' hope. 
Two died from cerebral embolism which occurred during the course 
of operation, one under local and the other under general anesthesia. 
In the former, deatli occurred suddenly as the operation was being 
completed. In the latter, a hemiplegia occurred during operation and 
death took place within twenty-four hours. Abscess of the brain was 
the cause of death in three patients, two of whom were regarded as 
doing well at the time of the development of this_ complication. Two 
died from multiple small abscesses disseminated throughout both lungs; 
one from acute bronchopneumonia (autopsy') ; one from acute broncho- 
pneumonia, empyema and peritonitis (autopsy), and one from the 
development of an abscess in the other king with rupture into the pleural 
cavity and a pyopneumothorax. 

It is interesting to note that in this group of twenty-nine cases, 
nineteen (65 per cent) had the abscess located in the upper lobes, and 
eight of the ten deaths (SO per cent) occurred in patients having involve- 
ment of the upper lobe. 

Two patients developed a recurrence of the abscess. In one, it 
recurred more than two y'ears after apparent recovery, during which 
time the wound was healed and the patient was practically' free from 
symptoms. This man originally' had three abscesses, all showing fluid 
levels. Two abscesses in the right upper lobe responded to broncho- 
scopic drainage and have remained cured (fig. 5A and B). The abscess 
of the left upper lobe was operated on and apparently' cured; but it has 
recently recurred (fig. 5C). The second patient had an abscess of the 
right lower and middle lobes ; both were drained. A permanent 
bronchial fistula was established in the right middle lobe. He worked 


6. Flick J. B. ; Lung Abscess, Ann. Surg, 84:323 (Sept.) 1926. 



1311 


FLICK ET AL-PULMOSARV ABSCESS 


as a machinist’s helper for seven months, then developed a 
of the abscess in the right loner lobe He was agam operated on and 
a permanent bronchial fistula established in the lower lobe. He is non 
free from svmptoms and working as a gardener, but he has two per- 
manent bronchial fistulas Nine patients (31 per cent) made complete 
recoveries Tno of these required multiple operations Three patients 
recovered with bronchial fistulas, but are free from sr-mptoms and 
working This makes twelve patients, or 41.3 per cent, who have 



Fig 5 — Post-tonsiHectomic abscess of the lung with muliilobar m\ol\e- 
ment A, a roentgenogram made on admission of the patient to the 
Jefferson Hospital, shows abscess carities with fluid let els in the upper and middle 
lobes of the right lung and in the left upper lobe Bronchoscopic treatment was 
instituted, the right lung cleared, but the area of infection m the left lung 
increased External drainage was performed with apparent recoieo B was 
made about two scars after discharge of the patient from the hospital, both lungs 
are clear and the patient is cIimcalK well C, made five months after B, shows 
recurrence of the abscess at the base of the left upper lobe The right side has 
remained clear. 


returned to work. Two patients are improved, but because of 
>roncbiectasis will require thoracoplasty. One of these developed 
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bronchiectasis as a sequel to a pulmonary abscess (fig. 1); the other 
developed an abscess as a complication of bronchiectasis (fig. 2). Four 
are improved but are still under treatment. One patient is unimproved. 

CONCLUSIONS 

The diagnosis and treatment of abscess of the lung requires the 
close cooperation of internist, roentgenologist, bronchoscopist and sur- 
geon. 7'he prognosis in a given case is often favorably influenced by 
the teamwork of this group. A diagnostic bronchoscopy should be done 
in all cases of pulmonary abscess irrespective of the method of treat- 
ment to be employed. The sine qua non in treatment is the establish- 
ment of adequate drainage. This may be accomplished in many cases 
by conservative measures which include repeated bronchoscopic 
aspirations. The indications for surgical treatment have been outlined. 
Conservative treatment should not be continued too long if distinct 
benefit is not obtained, since complications occur which increase the 
risk and decrease the chances of recovery with surgical intervention. 
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thcy completely filled the cavity. A small rubber drain was put underneath them 
to act as a path for discharges from the cavity. The rest of the wound was partly 
closed. 

The patient left the hospital on April 16 apparently well. The wound was 
closed. There was no sputum. 


COMMENT 

This is merely a i)reliminary report the only interest of which lies in- 
the apparent closure of a considerable cavity associated with bronchial 
fistula. 

ABSTRACT OF DISCUSSION 

ON PAPERS OF DRS. HOLMAN AND MATIIES; VAN ALLEN AND ADAMS; 

FLtCK, CLERK, FL'.NK AND KARRELL, AND SCRIMCER 

Dr. Elliott Carr Cutler, Cleveland: By utilizing his previous experiences 
and knowledge of circulatory phenomena, Dr. Holman has brought a new aspect 
to the study of pulmonary suppuration. 

Chief interest heretofore has been focused on the actual mechanism by which 
the suppuration is produced, whether aspiratory or embolic; or it has concerned 
the matter of the bacteriologic agents in the abscess of the lung, whether anaerobic 
or aerobic. 

Now Dr. Holman brings a study of the intimate vascular supply. It would 
seem that in considering this matter from this point of view we will get certain 
new and instructive attitudes toward this problem which will be of value to us. 
Pathologists have long pointed out that the differentiation between gangrene and 
abscess depends to a certain extent on the occlusion of the vessels. Gangrene 
seems to occur only when both the pulmonary arterial supply and the bronchial 
arterial supply is cut off. 

I should be interested in asking Dr. Holman whether he bad the opportunity to 
study the bronchial artery in any of the animals in which he had produced 
suppurative lesions and whether the patency of this vessel bore any relation to 
the type of lesion produced, i. c., gangrene or abscess. If he has not done this, I 
would suggest that it might be worth while to produce gangrene by the use of 
ordinary mouth anaerobes and see whether there is not a difference in the vascular 
supply. 

The other lesson he brings to us is that most instructive point of the enormous 
collateral circulation that can come through the bronchial artery. I think all 
thoracic surgeons will be interested in that observation. His injection studies have 
demonstrated the enormous capacity for adaptation and reserve which is afforded 
here as elsewhere in the body. 

Dr. Ejule Holman, San Francisco: We have not used the anaerobic organ- 
isms. The same three organisms were used throughout, and were kept under a 
constant condition of virulence by subculture. We, therefore, thought we were 
getting a comparable picture in each instance from an infecting organism of 
constant virulence. 

Dr. Willy Meyer, New York: These presentations prove that we all have 
learned from the pathologist long ago, that if an infectious embolus is thrown 
into the lung local infectious inflammation will take place, except when there is the 
fortunate combination of low virulence and extraordinary resistance of the system. 
When the embolic material was sterile, no inflammatory process followed. 
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Suppuration of the lung is also due to cancer. If we take the stand that every 
case of unexplained persistent cough should be cleared up, if possible, we should 
insist on having bronchoscopy done on such a patient as soon as possible. Cancer 
of the lung is most frequently seen in the right main bronchus. Dr. Jackson of 
Philadelphia treated some patients with this condition years ago. Dr. Kernan, 
the bronchoscopist of the Lenox Hill Hospital in New York, now has under 
observation two early cases of cancer of the lung which started in the main 
bronchus. One case has been cured by local treatment through the bronchoscope; 
the other is. still utider observation. I believe that at least nine tenths of the 
cases of cancer of the lung originated in one of the main bronchi, and that in the 
majority of these cases, always fatal in former years, there is a good chance of 
cure being obtained if diagnosis is made early and treatment given locally through 
the bronchoscope. 

Dr. Howard Lilientiial, New York: Solon has said that we must not 
count any man happy until he is dead, because no one can say what misfortune 
may happen to him before that time. 

Let me call attention to the fact that people with abscesses of the lung are not 
well merely because they leave the hospital after recovery from operation. In 
estimating statistics presented here today we must remember that those statistics 
have to be taken with many allowances; not on account of intentional misrepre- 
senfafton, hut because one cannot teff what is going to happen to a man who has an 
abscess of the lung and leaves the hospital improved but not normal as, for 
example, with bronchial fistula. He may be able to work, as it was shown in one 
or two of the tables, and he is apparently well, except that he has a bronchial 
fistula. But no one can tell what the final result may be. Many will die of 
hemorrhages, recurrence of abscess or gangrene or of other septic processes which 
develop afterward as a result of the bronchial fistula. 

Bronchial fistula is only one of the complications I shall mention, because there 
is not time to go into the discussion of them. I wish to call attention, then, to the 
fact that in estimating the improvement, including the ability to work, we should 
count only those persons really cured who have intact chest walls, and in whom 
the process that led to the abscess of the lung has been eliminated. Those patients 
who were discharged from the hospital as improved should not be considered 
well statistically until a long period of time has passed. I have seen deaths occur 
four, and even five years after the establishment of bronchial fistula, the usual 
causes being hemorrhage or recurrent pulmonary gangrene and its consequences. 

Dr. Wyman Wiiittemore, Boston: I wish to speak for just a minute on 
Dr, Scrimger’s paper. 

Two years ago, at the meeting of the American Surgical Association in 
Richmond, Dr. Eugene Doble showed some lantern slides of a case much like 
Dr. Scrimger’s. He had filled an abscess cavity with muscle flaps, and the patient 
made a perfect recovery. Patients with chronic abscess of the lung who have 
been operated on and who have left the hospital with a fistula have been of special 
- interest to me for a long time. Many of these patients do not do well in that 
the fistulas never heal. 

Following Dr. Doble’s method, I have operated on five such patients. Some 
of them had been operated on several times previously; one had had a cautery 
excision done. One such patient was operated on in Boston last fall before the 
American College of Surgeons. It was interesting to me to see that a very 
large cavity such as this one could be completely filled and closed with muscle 
flap. In all five cases the wound healed solidly and promptly, in about two months. 
Three of the five patients are well and have no symptoms and raise no sputum; 
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If the abscess tends to drain following that one examination, wc ought to carry 
on again tvithout the bronchoscopic treatment. We should depend on postural 
drainage, and use bronchoscopic treatment only when the patients are not benefited 
by postural treatment. 

If these patients are not holding their own, and are not improving with 
bronchoscopic treatment, we should not delay the surgical treatment too long, but 
stop the bronchoscopic treatment before bronchiectasis develops, which too fre- 
quently occurs after some months. 

When it comes to the question of radical surgical intervention, I think that 
we have to be e.xtremely radical, but that we must use multiple step operations, 
not doing too much at one time, yet uticovcring the cavities widely. 

I agree with a previous speaker in regard to tube drainage. I think the abscess 
cavity should be packed with gauze, fairly firmly, so that there will be some 
pressure against the open bronchioles, enabling the rest of the lung to be cleared 
by coughing. 

As regards the question of muscle flaps, I do not believe that is altogether 
a new idea, although it maj’ be a new method of putting them in. They have 
been tried over some period. If bronchial fistulas are present, I do not believe 
100 per cent would be cured by muscle flaps. A muscle flap should not be used 
over an open bronchial fistula, unless the fistula is exposed and the flap placed 
adjacent to it. It is necessary to mobilize the cavity so as to allow a collapse 
about the fistula. After the fistula is closed, muscle flaps should be employed. 

Dr. Ethan F, Butler, Elmira, N. Y.t Postoperative pulmonary suppuration 
may be either of embolic etiology or due to aspiration. Dr. Van Allen has indicated 
the importance of considering a dual etiology. 

Prevention of such conditions or the abortion of an impending condition will 
always be better than a cure. Prevention of suppuration of embolic origin must 
necessarily depend on the operator’s surgical technic. Prevention of suppuration 
due to aspiration will depend partly on oral hygiene and partly on the ability of 
the patient to remove infected secretions from the bronchial tree. Therein 1 
believe postoperative hyperventilation by carbon dioxide is of definite value. 
Increased respiratory effort will clear secretions from the bronchi. 

During the past seven years I have seen many patients who, following upper 
abdominal operations, have been either unwilling or unble to cough up thick 
tenacious secretions. Within one, two or three days after operation there has been 
a clinical picture of severe purulent bronchitis, even of impending pneumonia. In 
ten or a dozen such cases, the purulent secretions have been removed by broncho- 
scopic methods, and immediately gratifying results have been obtained. The 
patients have become relieved from distressing symptoms. The temperatures have 
dropped, and there has been no reaccuinulation of secretions with which the patients 
have been unable to cope. In no case has harm resulted to the recent wound or 
to the patient. 

Dr. Elliott Carr Cutler, Cleveland: Dr. Willy Meyer and Dr. Butler 
have both emphasized that it is time the proponents of the aspiration and embolic 
theories tried to get together. I heartily agree with this. 

There may be those who think we have overemphasized the embolic theory. 
We have done this because few paid much attention to the dangers of embolism 
and seemed to want to blame the anesthetists for their postoperative sequelae, 
which we felt was unjust. 

Dr. Van Allen has just presented a brilliant piece of work. For some time 
we have tried to superinfect bland emboli by mouth aspiration, in an attempt to 
correlate both the aspiratory and embolic theories. It was hoped that by freeing 
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bland emboli which would cause infarction we might then infect these ^eas 
from above by mouth organisms. We failed to do th,s, though Dr. Van Allen 

has now succeeded. 

In his discussion. I wish Dr. Van Allen would point out the type of organisms 
that were injected in the later contaminations, whether they were pushed down 
bv the bronchoscope or were insufflated, and whether the time interval was a very 
important factor. If one creates an infarct in the lung or an abscess by the 
embolic method, these lesions early in their course are not connected with the 
bronchus. It is difficult for me to imagine exactly how aspirated material gets 
into the walled-off space and results in chronic abscess. We have no definite 
criteria to go on. 

One insufflation of various types of organisms, whether mouth anaerobes or 
not, does not usually produce an abscess of the lung, though it is a simple matter 
to produce abscess of the lung by an infected embolus. Yet we are continually 
finding that in abscesses of the lung there are many mouth anaerobes. One 
would like to put these observations together. Experimental abscess is easily 
created by using emboli infected with mouth anaerobes. Possibly a lightly infected 
embolus from the operative wound enters tiie lung and devitalizes the tissue botb 
by reason of the bacteria and the loss of blood supply. When mouth anaerobes 
are inspirated into this area, a chronic abscess is produced. 

Although we have failed to do this experimentally, we have observed this 
sequence of events in clinical cases and utilized this theory for its prognostic value. 

Within a year, a patient, aged 27, weighing 200 pounds (90.7 Kg.), was 
operated on for gallstones. Within two weeks a localized lesion with a fluid 
level, obviously an abscess, was demonstrated. Also, in a case of ligation of the 
jugular vein for lateral sinus thrombosis, we observed two abscesses in different 
lobes within four weeks of operation. The examination showed small, walled-off 
abscesses with fluid levels. These abscesses were from 3 to 5 cm. in diameter 
and well walled-off. Both patients had very clean mouths, with only occasional 
spirochetes. They were given arsenic from the beginning, and we predicted that 
these lesions would heal promptly if secondary invasion with mouth organisms 
did not occur ; exactly this occurred. 

From these observations and from Dr. Van Allen’s experiments I think one 
can predict that small pulmonary abscesses, if the mouth is kept clean and the 
mouth organisms controlled by arsenic, will not go on to the chronic stage. This 
would seem to be the practical value of all the experimental work thus far 
presented. 

I do believe that in a great many abscesses, particularly chronic ones, both 
embolism and aspiration are the causative factors, the aspiration being secondary 
to the embolus and establishing the chronicity of the lesion. 

Dr. Kexnon Dunham, Cincinnati : We have heard a good deal this morning 
about the bronchoscopic treatment of abscess of the lung. Personally, I should 
like to know a little more about it. What is the purpose of bronchoscopic treat- 
ment of the lung? Is it the aspiration of pus, or is it the washing of the lung as 
has been recommended in cases of bronchiectasis? I should like to know a little 
more of what is doue with the bronchoscope. 

Dr. F. a. C. ScRiMGER, Montreal, Canada; I wish to make only one remark 
Strictly speaking, it is not a flap that is used, but rather a plug of the muscle 
111 the bronchus. I think that is recognized. 

shoSd ricT Dr. Lillienthal’s comment, I 

- ould like to say that the patients classified as having made “complete recoveries” 
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have been followed up, and most of them have been heard from within the last 
two months. The wounds were completely closed, and the patients were free 
from symptoms. 

Of the group of twenty-nine patients treated by external drainage, three were 
classified as having “recovered with bronchial fistulas.” in two of these cases 
it was a question of either doing an extensive operation or permitting the bronchial 
fistulas to remain. The three patients when heard from were activeli' engaged 
in work; one as a gardener, one as a salesman and the third at school. 

In our experience closure of fistulas is best accomplished by excising the old 
scar, undermining the soft tissues, again exposing widely the diseased area and 
cauterizing it thoroughly. The fistulas may then at once close with the healing 
of the wound, or this procedure may have to be repeated a number of times. 

Dr. Louis H. Cr-cnr, Philadelphia: Answering Dr. Dunham’s question, 
bronchoscopic treatment in pulmonari' abscess consists primarily in the removal 
of pus and the improving of drainage; in those cases in which the abscess does 
not communicate with a bronchus no attempt is made to create a eommunication, 
although this is probably mechanically possible. Irrigation is rarely used in 
these cases ; dependence is placed on aspiration with the aid of rigid or fle.xible, 
curved or straight aspirating tubes introduced through the bronchoscope into the 
bronchus draining the abscess. 

Dr. Butler’s cases recall to mind similar cases referred tr> us by Dr. W. E. Lee ; 
in these we believe there was atelectasis of the lung. By bronchoscopy, a con- 
siderable quantity of thick, tenacious secretion was removed. 

Bronchoscopy should be used early in the treatment of patients with abscess 
of the lung. It is, of course, a question whether it should be performed on acutely 
ill, septic patients who have diffuse pneumonitis. Skilfully performed bronchoscopy 
can be considered safe for all iiractical purposes. Because of this, I know of no 
sound reason for delaying bronchoscopy to see what will happen to the patient. 
The frequently observed remarkable improvement following one or two broncho- 
scopic aspirations in very ill patients is sufficient justification to warrant this 
assumption. 

I agree with Dr. Lilienthal’s reference to statistics, kfedical statisticians are 
said to have little regard for the facts. We have tried hard to be fair with 
ourselves and with those who read these statistics. In so doing we have accepted 
the only method of e.xpressing our results. 

Dr. C. M. Van Allen, Chicago: In reply to the kind remarks of Dr. Cutler, 

I may say that three different sputums were used for inocidation in these experi- 
ments ; one contained many spirochetes of Vincent, the second, Fimgus tweardia, 
which organism is capable of producing extremely chronic suppurative lesions in 
man, and the third nonspecific, pyogenic bacteria. The ordinary cultural methods . 
and stains were employed in identifying the organisms. 

The reason why we succeeded in lengthening the healing time of abscess of 
the lung by intrabronchial inoculation, whereas Dr. Cutler’s associates failed, was 
probably the one he has given, i. e., that we waited until the tenth day to super- 
inoculate, when the abscess had reached its maximum size and acquired bronchial 
communication. Such communication would appear to be a necessary factor. There 
is no other way that I can see for these organisms to reach the abscess. 

We believe that superinoculation of the bronchial tree aqd associated ulcerative 
lesions of the lungs occurs more frequently than is commonly supposed. A con- 
siderable mass of clinical and experimental evidence to support this belief exists 
and is not generally taken into consideration. For instance, Iglauer, examined the 
lower respiratory tract for blood after tonsillectomy performed under local anes- 
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thesia and found contaminatioii in 75 per cent of his cases. Ochsner noted the 
same thing. He also gave patients who had received procaine hydrochloride 
anesthesia in preparation for tonsillectomy a few cubic centimeters of iodized 
oil to swallow, and found that the oil was aspirated in every case. Thus, in 
using local anesthesia we are not avoiding contamination of the lower respiratory 
tract in operations on the throat. Moreover, the ease with which any bland fluid 
accumulating in the unanesthetized pharynx overflows into the larynx and reaches 
the bronchi is strikingly illustrated by the method of Dr. Singer for intrabronchial 
introduction of iodized oil. ilucus or mucopus, gathering in the throat during sleep 
or other time when swallowing is not often engaged in, probably frecpiently 
contaminates the trachea and bronchi. 

This frequency of bronchial contamination makes the bronchogenic theorj' of 
origin of abscess of the lung difficult to understand, without assuming that another 
factor of lowered resistance plays an essential role. And the lowered resistance 
factor must be a specific circumstance not fully understood, for the usual general 
and local resistance cannot explain the facts. Thus, the type of patient, above 
others, in which abscess of the lung is seen is the comparatively well and j'oung 
person undergoing tonsillectomy ; whereas, in operations on the skull, as Dr. Cutler 
has pointed out, the minimum of postoperative complications of the lungs occurs, 
although the patients lie under general anesthesia for hours with lowered reflexes 
and a seriously depressed physical state. What specific circumstance it is of 
lowered resistance of the lung that prepares it for the intrabronchial inoculation 
and abscess formation we cannot say further than to suggest that ischemia of a 
sector of the lung from embolism may be the factor. These experiments sliow 
that parenchyma of the lung devoid of its blood supply in large part by an embolus 
becomes more susceptible to bronchogenic contamination than the normal lung. 

Dr. Emile Holman, San Francisco: We too have been investigating the 
lymphatics of the lung. We find that the injection of the lymphatics over the 
surface of the lung shows that they lead down directly through the lung tissue 
to the deeper areas along vessels and bronchus. It is possible that the embolized 
area may become infected through the lymphatics which drain the bronchus. 
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The consideration of postoperative pulmonary conditions is of neces- 
sity an important one. The fulminant course or the protracted con- 
valescence that follows after such complications forces the question into 
a major position. 

This problem has been approached by many writers (Shultz,' Cutler, - 
Cleveland,^ etc.) after the}' have gone over large numbers of hospital 
records and studied the cases listed under pulmonary complications. 
Carefully planned clinical studies directed toward this condition have 
been carried out b}' Whipple ■* and Elwyn.® Results of these various 
investigations have helped to clarify the problem in regard to many of 
the contributing factors in the production of postoperative pulmonary 
complications. The influence of preexisting pathologic changes, the sea- 
sonal variation and the relation of epidemics of infections of the upper 
respiratory tract to pulmonary complications have been commented on 
by Ravdin and Kern.“ For a long time “ether pneumonia” and the effect 
of the type and duration of the anesthetic occupied an important place 
in the literature and was discussed by Robb and Dittrick,' Whipple,' 
Decker ® and others. The importance of direct irritation of the pul- 

* From the Departments of Surgery and Roentgenology in the Hospital of 
the University of Pennsylvania. 
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Tract, Penn. M. J. 24:391 (March) 1921. 
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monary epithelium and the relation of aspiration to subsequent pu - 
monary infection has been considered by Sevan,® Herb and Myerson 
During the past decade the authors writing on postoperative pul- 
monary complications could be subdivided into three groups, namely, 
those emphasizing the importance of emboli ; those who hold that most 
complications are due to a pneumonitis, and those who emphasize the 
frequency of massive or lobular atelectasis resulting from bronchial 
obstruction. 

Cutler and Morton,® in an extensive review of cases, came to the 
conclusion that embolism was important in the production of postopera- 


tive pneumonia. They pointed out the various factors favoring the 
formation of emboli, such as the presence of septic foci, infection in the 
operative site, and vessel access to the lungs. They also emphasized 
the tendency to pulmonary hypostasis resulting from poor expansion due 
to reflex splinting of the abdomen. Later, Cutler restated his views 
regarding the embolic theory and substantiated his opinion with roent- 
genographic studies. 

That most of the forms of pulmonary complications are due to a 
diffuse inflammatoiy' process or pneumonitis has been maintained chiefly 
by Whipple.* He considered most of the temporary postoperative 
“reactions” indicative of a mild pulmonary complication and the exten- 
sion of an acute infection of the upper respiratory tract as the exciting 
cause. The pathologic change consists principally of vascular conges- 
tion and edema with little exudation, and the type IV pneumococcus is 
the chief organism found. The roentgenograms show a diffuse mot- 
tling most marked at the bases, principally the right. This complication 
occurred in 2.6 per cent of all operative cases in the large series collected 
by Whipple. Cleveland ® reported a higher percentage of pneumonitis, 
33 per cent. 

During the past few years, the literature on embolic pneumonia and 
postoperative pneumonitis has given way to a veritable flood of papers 
on piflmonary collapse or atelectasis. Although Joerg, as early as 
1832.’-' and Gairdner, in 1851,** gave accurate clinical and pathologic 
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desciiptions of atelectasis, it was not until the term uas ieM\ed b> 
Pasteur,'" Bradford ''' and Scrinig-cr '' that such a condition was con- 
sideied m wiitings on postopeiative pulmonai) complications After 
having lecognized atelectatic states m which entiie lobes weie involved 
(massive atelectasis). Mastics'* and his co-workeis and Lee and 
Tuckei lecently described a patchy oi lobulai collapse The occiir- 
lence of this type of pulmonai) complication after an abdominal opeia- 
tioii IS ev^eii more fiequent, according to these repoits, than the embolic 
processes of Cutler or the cases of postoperative pneumonitis of 
Whipple Boland and Sheret leported 30 cases in a senes of 261, 
an incidence of 11 5 per cent Ivlastics and his co-workers'* concluded 
that lobular atelectasis compiises 70 pei cent of all piilmonar) com- 
plications 

My associates and I have been engaged m a studv of the ptilmoiiarv 
observ'ations of patients before and after upper abdominal operations, 
and a number of inteiestmg obseivations have Ijeen made This clinical 
study was undertaken because the following jihases of the subject 
seemed to need claiification 

1 The frequenc. of positive leports fiom the roentgenologic 
department in patients examined postopei ativ'elj in w'hich the subsequent 
course of events indicated that a pulmonary complication did not exist 

2 The confusion and interchange of teiins, such as postoperativ'e 
pneumonitis, bionchopneumonia lobular atelectasis, massive atelectasis, 
“lung reaction,” or mfaict, these teinis being used m desciibing post- 
operativ^e pulmonary complications 

3 The marked i eduction in vital capacity which w'as lepoitecl by 
Chuichill and McNeil,-' and Povveis" following iippei abdominal 
operation 

15 Pasteur, W The Causation of Postoperative Massive Collapse of the 
Lung, Lancet 1:1428, 1914 

16 Bradford, J R Massive Collapse of the Lung, Oxford System of Medi- 
cine, 1918-1919, vol 12, p 122 

17 Scnniger, F A Postoperative Massive Collapse of the Lung, Surg 
Gjnec Obst 32:486, 1921 

18 Mastics, E A , Spittler, F A. and JlfcNamee, E P Postoperative Pul 
monary Atelectasis, Arch Surg 15:155 (Aug) 1927 

19 Lee, W E , and Tucker, G Postoperative Pulmonarj Atelectasis, Atlantic 
M J 31:28^ (Feb) 1928 

20 Boland, C R , and Sheret, J R Postoperative Massiv e Collapse, Lancet 
2:111 (Julj) 1928 

21 Churchill, E D, and ilfcNeil, D The Reduction in Vital Capacity 
Following Operation, Surg Gvnec Obst 44:483, 1927 

22 Powers, John H Vital Capacity, Its Significance in Relation to Post- 
operative Pulmonary Complications, Arch Surg 17"304 (Aug) 1928 
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4. The limitation of diaphragmatic function as reported by Sise 
and its relation to the reductions in vital capacit)\ 

5. The presence of preexisting pulmonary pathologic change and its 
effect on diaphragmatic limitation. 


METHODS 


Twenty-five cases in which upper abdominal operations weie to be 
performed were studied. No selection of cases as to operative risk, 
general appearance, etc,, was made. None of the patients had any 
deformity of the chest or gross pulmonary pathologic changes. Cases 
in which ascites was present were not used. Care was taken that not 
more than two or three patients were under observation at the same 
time in order that ample time might be spent in the study of each patient 
before and after operation. 

Daily notes were kept in regard to progress of pulmonary symptoms 
and physical signs. After operation, the examinations of the chest were 
made as thoroughly as the condition of the patient permitted. We were 
able in all cases to examine the bases posteriorly by carefully turning the 
patients on one side and then on the other. 

Measurements of the circumference and expansion of the chest were 
made before operation and at intei'vals of two days after operation. The 
tip of the xiphoid process and the third interspace in the midclavicular 
line were selected for fixed points for measurement. 

Determinations of vital capacity were likewise made before, and at 
intervals after, operation. The ordinary clinical spirometer was used. 
The highest of three trials was the vital capacity recorded in each 
instance. 

The patients were studied fluoroscopically in the recumbent and erect 
postures by the central ray method. The diaphragmatic movements were 
recorded during quiet (tidal) breathing and during the maxima! respira- 
tory phases (deep breathing). The positions of the domes of the dia- 
phragm were marked directly on the fluoroscopic screen with a wax 
pencil, and these tracings were then transferred to cards for a permanent 
record. After operation various methods of roentgenoscopy rvere tried, 
l)ut the most workable plan and the one which caused the least discom- 
fort to the patients was simply to lift them from their Ijeds to the 
adjustable fluoroscopic table. With adequate help most patients had 
practically no pain, and none of the twenty-five, at the time of the 
exammation or later, showed evidences of injury from such a procedure. 

Preoperative roentgenograms were made as a routine. After the 
first four cases were studied it became obvious that the preoperative 


2,3. Sisc, L F.; Jlason, R. L.. and Bogan, I. K.: Prophylaxis of Postonerati 
Pneumonia, Anestli. & Aiialpr. 7:187 tMay-Junc) 1928. 
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roentgenogram should he taken in bed in order that this record would 
be of value in comparing it with the postoperative examinations. In 
half of the cases studied, roentgenograms were made during the expira- 
tory phase, as well as during the inspiratory phase. In some of the cases 
in which this study was not made the day before operation, we used for 
comparison roentgenograms made when the patient returned three 
months later for follow-up examination. Great care was taken by the 
technicians to make all exposures with the patients in as near the same 
semi-Fowler position in bed. Lateral roentgenograms were made in 
more than half the studies. 

results 

The preoperative examination of the patients, from both the clinical 
and the roentgenologic standpoints, revealed little preexisting pathologic 
change. However, the importance of the preoperative roentgenograms 

Taiile 1, — Type of Cases Studied 


Convalescence Prolongccl Suspicious Positive 

Xiiinber of on Account of Pnlmo- Clinical Boentgeno 

Operation Cases nary Complications Course grams * 


BlIlaM’ tract 12 

Gastric. . . 11 

Epigastric licrnia 1 

Splenectomy . 1 


0 2 » 

118 
0 0 1 

0 0 1 


Total' 


25 


1 


S 


39 


» The conditions reported as slioaing positirc roentgenograms vicrc postoperative pneu 
nionitis, bronehopneumonia, lobuiar atelectasis, mas'ivc atelectasis and pulmonary infarct 


when used for comparative purposes with postoperative studies soon 
became evident. In one case an obliteration of the costophrenic angle 
due to pleural adhesions was found, which, without the preoperative 
studies for comparison, might have been interpreted as postoperative 
pathologic change. We were unable to predict from the preoperative 
examination of the chest which patients would develop pulmonary com- 
plications after operation. 

In this series, the operations performed included principally those 
on the stomach or biliary tract (table 1). The postoperative course was 
prolonged in one case, this being due to bronchopneumonia. There 
were no deaths due to a pulmonary complication in the series of cases 
studied. 

The symptoms which suggested a pulmonary complication were few 
(table 2). Dyspnea and cough were present in only three cases. 
Hemoptysis of slight amount was reported by one patient. It was in 
this case that the appearance on the roentgenograms suggested an 
infarct, and subsequently bronchopneumonia developed on the sixth 
postoperative day. 
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Positive physical signs were found surprisingly often in a greater 
number of these cases than the paucity of symptoms would indicate 
(table 2). Diminished expansion, especially of the bases, was evident 
by gross inspection in all of the patients. In four of five patients, sup- 
pressed or absent breath sounds were noted over the lower lobes. The 
diminution in the transmission of sounds was most noticeable at the 
right base posteriorly. In five of the twenty'^-five cases, tubular brearh- 
ing was heard at some time during the postoperative course. Over the 
same areas, whispered and spoken voice sounds could be heard. These 
areas over which there was increased transmission of sounds were irreg- 


Taele 2— Symptoms and Positive Physical Sicfni 


— — 

After Upper Abdotmnal Operation®, 

2^ Cusc^ 




Number of Cases 

Per Cent 

Dj npncn 

Crmnli 


3 

Z 

12 

12 


2 

8 



1 

4 



0 

0 


Positiic Pbisieal Signs 



Cyanosis 


2 

21 

8 

100 



8 

32 


s 

20 

SO 



5 

20 

. 


U 

30 


•• 

Table 3 — Mcasincments of the Chest* 



Circumference 
at Xiphoid 
Process 

EvpansioD 

Circumference 
at Third 
Interspace 

Expansion 


79 2 cm 

0 cm 

Sf cm 

5 8 cm. 


82 

13 

SOT 

18 


+2 8 cm 

— 1 7 era 

+2 7 cm. 

— f 0 cm 


• Tills tabic sliOH« the average changes in measurements ot the chest in fUtcen of the 
CH'es stmlleii hciorc and twenty tour hours after operation The mnrhed reduction in chest 
e\lii!n>;ion at both points of measurement sloukl be noted 


ular in outline and did not usually appear during the first twenty-four 
hours after operation, but were elicited thirty-si.x or forty-eight hours 
later. Rales were heard in fourteen of the twenty-five patients and 
weie most marked at the bases. The positive physical signs, such as 
diininisiied lesonance, pectoriloquy and tubular breathing, were evanes- 
cent and disappeared in from twenty-four to seventy-two hours as the 
vital capacity increased. 

ileasurcmcnts of the chest after operation in fifteen of the cases 
showed a marked reduction in the expansion. The average expansion 
nf 6 cm. as measured at the tip of the xiphoid process before operation 
a\ Cl aged only 1.3 cm. during the first twenty-four hours after operation 
(table 3). similar diminution of expansion was found when the 
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measiiienients weie taken at a le\el of the third interspace The pre- 
opeiative aveiage expansion was 5 8 cm, and the day following 
opeiation it was found to lie onh 1 8 cm The measurements of circum- 
feience of the cliest sliowed an increase following opeiation, the average 
being 2 8 and 2 7 cm m the two locations in which the measmements 
weie taken In hgine 1 is illustiated graphically the average alterations 
m expansion and circumfeience of the chest as lecoided befoie and at 
inteivals after operation In table 4 is shown the lecord m one of 
the cases This was selected as showing the tipical enlargement of the 
cnciimfeience of the chest immediateh following operation and the 
leturn to normal si/e as the coinalescent time advanced and the expan- 
sion inci eased 

In only one case m this senes was the postopeiative circumference 
of the chest noted to be less than it was in the preoperative record Mea- 

Tafii 4 — Change in Chc^t Uca^ni eincnlt Bcfoie and al Intenals Iflci 
Opeiation III Case 16 (/ D )* 

Clrctra. liran- Clrcun Expan- 

at Zlph«rroe. alon at 3rd Intorsp, sIod 

PH2-OP. 82 ate* 10 86 11 

POST-OP. 1 85 2 89 3.5 

DAYS 3 84 5 67 6 

5 64 5 87 6 

7 64 4.5 86 8 

g 81 7 66 8 


* TJic return to noiinal circumference and expansion ns tlie oon\ Ue«!cent tune ndt niiced 
should bo ooto(t Circumference mca^urcmvDt taXen after full expirnt on liie figure illu= 
tratos fixed point*? selected for innkuig iiica«ureiiiciits Ihe pntient ut® a glnss blouer on 
whom i g istro-enterostom> was performed 

suiements weie made m twm patients wuth ascites (not included m this 
senes) on whom a Talma opeiation was done In these cases the cii- 
cumference of the chest was less after operation 

The vital capacity of this group of patients aveiaged 2,918 cc , winch 
is 75 per cent of the aveiage normal for these patients as calculated b} 
West's"^ formula (2 5 Iiteis per square metei siuface aiea foi men 
and 2 liteis per square nietei foi women) On the first postoperatne 
day the average vital capacit} was onlv 33 pei cent of the pieoperatne 
reading, and the recoveiy was giadual Readings taken every second 
day showed an impiovement so that on the eleventh postoperative da} 

24 West, H F Clinical Studies on Respiration, Comparison of Various 
Standards for iSorinal Vital Capacit> of Lungs Aich Int Afed 25:305 (March) 
1920 





Fig. 1. — Graph showing decrease in the expansion of the chest in fifteen cases 
after upper abdominal operation. Recovery was gradual and responded to 
iiuprovcmcnt in vital capacity. The increase in the circumference of the chest 
during full expiration should be noted. Measurements were made at the third 
interspace and the xiphoid process. A metal tape measure was used. 



hig. 2.--Graph showing reduction in vital capacity after upper abdominal oper- 
ations. Little ditTcrcncc was noted in the average vital capacity records of tire 
.Six patients in wiiorn the postoperative roentgenograms were clear and in those 
nineteen ca.sc.s showing changes postopcrativcly on the roentgenograms. The solid 
ines indicate positive roentgenograms and the dotted lines, negative. 
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an average of 78 per cent of the normal vital capacity was obtained. At 
the time of discharge, 80 per cent of the normal vital capacity for these 
patients was the average record. In figine 2 is shown the reduction in 
the cases, grouped as to whether or not they liad positive roentgenologic 
reports. The significance of these reports is commented on elsewhere 
in the text. Of the three patients in the group who had frank pulmo- 
nary complications, the vital capacity curves were abnormal in two. In 
one patient (L. M. in table 6) with a complete collapse of the right 
lung, an average postoperative vital capacity curve was obtained. The 
maximum fall was / 7 per cent, and the recovery was progressively 
upward. The other two patients (H. W. and F. W., table 6) had the 
usual initial drop, but the recovery was slow and on the eleventh post- 
operative day the reading was only 40 and 51 jier cent, respectively, of 
the preoperative record. 

Tadu 5 — Dial’ll! agmatic Excin stons Befoic and Aftei Ult’ci Abdominal 
Opciatiom in Tnvniy-Piw Cases* 


rullcst I \plrution unj Insplrntion iMn\imiil) 

Riglit Lett 

«- - A- 



I'rcct Recumbent 

rrcct 

Eccumbent 

Before openitiou 

3 4 cm 5 32 cm 

3 Sera 

5 4Scm 

After operation 

1 17 10 

Quiet Brcatlime (irKlal) 

1 74 

10 

Before operation 

3 02 124 

ooo 

127 

After operation 

0 0 OCj 

0 79 

07 


* In tills tnblc, niensuromcnts were in«<Ic fluoro'copically under iinifonn conditions before 
and tMontj-four bom's after operation 

( 


At the roentgenoscopic examination, an elevation of the domes of 
the diaphragm was observed in all of the cases after operation. The 
elevation was most marked on the right side and especially so in two 
patients in whom later an early massive atelectasis proved to be present. 
Comparisons in height of the domes of the diajjhragms were made from 
the bedside films. Measurements were made of the perpendicular line 
dropped from the transverse process of the fiist thoracic vertebra to a 
horizontal line through the dome of the diaphragm on each side. The 
average measurement of the right perpendicular before operation was 
25.8 cm. and after, 21 cm , leaving a difference of 4.8 cm., which lepre- 
sents the elevation of the diaphragm after operation. On the left side 
the perpendicular measurement was 26 5 before and 23 cm after opera- 
tion, showing that its position was lower than the right dome and its 
elevation slight^ less (fig. 3). 

Diaphragmatic movements before operation were unrestricted in all 
cases The maximal excursions were found in the recumbent positions, 
during both forced and quiet breathing (table 5). It can be seen from 
this table that in both positions the maximum excursion of the diaphragm 
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Avas reduced after operation to a third of its preoperative range of 
movement. The tidal fluctuations Avere diminished about one half. 

It Avas also obserA^ed that the position of the tidal fluctuation of the 
diaphragm A'aried in regard to its position in the maximum range of 
excursion. Before operation, the tidal movements took place in the 
lower tln'rd of tlm possible range noted during forced breathing. How- 
ever, after operation the tidal fluctuations occurred in the upper third 
of the possible range of moA'ement of the diaphragm. 



Fig. 3. Diagram showing relatwe positions of the diaphragm before and after 
upper abdominal operations. The marked elevation after operation as indicated 
b) the dotted line should be noted. Measurements were made from roentgeno- 
grams taken in the same position during full inspiration. The perpendicular from 
the transverse process of the first thoracic vertebra to a line through the dome, of 
the diaphragm on each side was taken to indicate the degree of elevation. 

Before Operation After Operation Elevation 
.'\vcrage in Right perpendicular. . 2S.S cm. 21cm. 4.8 cm. 

IS cases Left perpendicular.. 26.5 cm. 23 cm. 3.5 cm. 

The alteration in thoracic volume from this factor alone should be noted. 

The comparison of the roentgenograms made before and after oper- 
ation Avas perhaps the most striking of all obserA'ations made in this 
stud}-. In all of the cases, a definite diminution in volume of the chest 
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was obvious. There was a narrowing of the inter-rib spaces and an 
elevation of the domes of the diaphragm. The lung 'markings were 
clear in only six of the cases. In sixteen of the cases, there was a 
marked intensification of the trunk shadows which produced a triangular 



Fig. 4. — Diagram illustrating reduction in the ma.'ciinal diaphragmatic c-vcur- 
sions as averaged from studies in twenty-five cases before and after upper abdom- 
inal operations. The patients were studied in both the recumbent and the erect 
positions. It should be noted that after operation the movements are restricted by 
two-thirds. 



Fig. 5. — Diagram illustrating the limitation of the tidal movements of the 
diaphragm as averaged in fifteen cases before and after operation and with 
the patients in both the recumbent and erect positions. It should be noted that the 
postoperative movements were only one half of the normal. 

area of density in the lower lobes. On the right, the cardiophrenic angle 
was obliterated. On the left, the markings were more or less obscured 
b)" the cardiac silhouette. In some of the roentgenograms, there were 
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varying degrees oi haziness or mottling throughout the entire lung fields 
(figs. 6. 7, 9 and 10). 

In the lateral views, the appearance was more striking. Ihe 
marked reduction in the volume of the chest was cleat ly evident. 
The costophrenic angles jtosteriorly were completely obliterated. The 
marked diaphragmatic elevation obscured the lung detail in the lowei 
lobes. Air was visible beneath the diaphragm in many of the films 

(fig. 8). 



•S. 6.~C. W., aged 49. A, roentgenogram at full inspiration made before 
operation for a large, adherent epigastric hernia. The roentgenographic studies 
>>i tns case are presented because a second-stage pneumoconiosis intensifies the 
ting markings. B, roentgenogram at full inspiration made twenty-four hours 
a ter operation. The decrease in thoracic volume, elevated diaphragm, narrowed 
waT'2S prominent trunk shadows should be noted. The vital capacity 

uas per cent. C, roentgenogram at full inspiration made four days after 
in'm partial return of the diaphragm to a normal position and increase 

the . 1 ^ capacity was 85 per cent of 



Fig. 7. — S. H., aged S3. A, normal roentgenogram made at full inspiration 
before c'.iolecystostomy. B, roentgenogram made twenty-four hours after opera- 
tion. The diminishe:! thoracic volume, position of diaphragm and prominent trunk 
shadows should h; noted. This patient had a normal postoperative course. The 
vital capacity was 32 per cent of tlie normal. 



Fig. 8.—C. D., aged 32. A, lateral roentgenogram made before gastro-enter- 
ostomy. Bedside position. B, study made of same patient twent>-four hours 
after operation. The size of the aerated pulmonary tissue should be compare 
with the preoperative roentgenogram. The position of the diaphragm and oblitera- 
tion of the costophrenic angle posteriorly should be. noted. There is a large 
collection of air beneath the diaphragm. The vital capacity was 23 per cent o 
the normal. 
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Roentgenograms made preoperatively during full expiration gave 
similar appearances to those obtained at examinations made on the first 
postoperative day. They showed intensifications of the trunk shadows 
and alteration in the size of the aerated lung (figs. 9 and 10). 

It will be noted in table 6 that in sixteen cases a diagnosis of hypo- 
ventilation was made. On the roentgenograms, all of these cases showed 
conditions that would have been diagnosed by us as postoperative pneu- 



breathing at the bases. The vita! capacity tubular 

tliree months later at follow-up study B roe, t 

three months after operation TI is niatf’ '"'‘de at full inspiration 
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monitis or lobular atelectasis prior to this study. ' Early in the study, 
we realized that these appearances (prominent trunk shadows and hazi- 
ness of the lung fields) were normal postoperative manifestations. 

In three of the patients of this series, a major pulmonary complica- 
tion was demonstrated. In an elderly man, hemoptysis occurred two 
days after operation for gastric ulcer. The roentgenographic appear- 
ance was that of infarction at the right base. The temperature was 
normal for six days ; then it became elevated. Physical signs and roent- 
genograms showed a diffuse lesion involving the left lower lobe. The 
patient was placed under an oxygen tent for five days and recovery fol- 
lowed. Both of the other two patients Jiad operations on the gall- 
bladder. In one, a man aged 60, there were cyanosis, dyspnea and 
physical signs of lack of aeration in the right lung. Roentgenograms 


Tahli: 6.* — Rcinewcd Cases* 



F-xces- 

sivc 

Execs- 

Post- Pul- 

operativc monnry 

Pul- 

Positive 

Boent- 

Patient Operation 

Temper- 

sfve 

Respf- 

sj'mp- 

monary 

geno- Final 

nturc 

Pulse 

rations 

toms 

Signs 

gram Diagnosis 

I/. M. Ohok'cystoctoiny.. . 

4* 

-f 



4- 

4- 

4- Massive atclcc- 

H. yv. Gastro-entorostomy 

•f 


+ 

+ 

4- 

tasis 

4- Infarct and 

F. JI. Cholecystectomy... 





4- 

bronchopneii* 

monia 

4- Early stage 

Sixteen cases 



3 

2 

IG 

massive ate- 
lectasis 

1C Hypoventlla- 

Six cases 

- 

- 

- 

- 

3 

tion 

— Negative 


* In this table, the cases are grouped to shoAr the relation of clinical signs and symptoms 
to roentgenologic observations and final dingnosls. The three cases which showed trank' 
pulmonary complications arc listed separately. 


showed haziness of the entire right side. This cleared after inhalations of 
carbon dioxide, as suggested b}' Scott and Cutler.-^ The other patient in 
whom a pulmonary complication took place was a woman, aged 23, m 
whom a chdlecystectoiu}' had been done. Following operation, the roent- 
genogram showed cardiac and mediastinal displacement to the right with 
little lung density. On the following day, the typical density of massive 
collapse occurred in the middle and lower lobes. An elevation in tem- 
perature; pulse and resj^iratory rate was noted at this time only. The 
condition cleared in twenty-four hours, and convalescence was unevent- 
ful. This case is being reported separately, in detail.-" 

25. Scott, W. J. jM., and Cutler, E. C. : Postoperative Massive Atelectasis; 
Effect of Hyperventilation with Carbon Dioxide, J. A. St. A. 90:1759 (June 2) 
1928. 

26. Overholt, Richard H. ; Pendergrass, Eugene P., and Leopold, Simon S.: 
Postoperative Massive .Atelectasis; Report of an Unusual Case, Surg, Gynec. 
Obst., to be published. 


MULLER ET AL— PULMONARY HYPOVENTILATION 1337 


COMMENT 

The fact that there is hypoventilation of the lungs following upper 
abdominal operations has been referred to and commented on by many 
writers. However, in this study, the various physical measurements of 
the respiratory movements demonstrate more concretely the extent of 
this postoperative depression in pulmonary ventilation. The reduction 



Fig. 10, — A. B., aged 50, A, roentgenogram made at full inspiration before 
ciiolecystectoniy. B, examination made the daj' following operation during full 
inspiration. The vital capacity was 38 per cent of the normal. B, roentgenogram 
made before operation after full expiration. The similarity of appearances when 
compared with postoperative study after full inspiration should be noted. 

of 79 jter cent in expansion of the chest and the limitation of 66 per 
cent of the diaphragmatic excursions would indicate that a great portion 
of the reserve of the external respiratory forces was lost for a variable 
period of time following operation. The constant high position of the 
diaphragm with the tidal fluctuations occurring in the upper third of its 



1338 


ARCIilVES OF SURGERY 


possible range of motion illustrates the mechanical disadvantage imposed 
on the diaphragm after upper abdominal operations. 

The results of the determinations of vital capacity present further 
evidence that a state of pulmonary hypoventilation and a marked reduc- 
tion in the reserve of respiratory function exist. The loss of three 
fourths of the lung capacitj' following operations on the upper part of 
the abdomen was shown both in this series and in reports by Churchill 
and McNeil,-' Powers and Head.-' In our e.xperience in cases pre- 
senting intrathoracic lesions which were known to be preventing the 
function of half of the pulmonary tissue, the reduction in vital capacity 
was no greater than that seen after upper abdominal operations. In this 
series, the two patients with a massive atelectasis of tlie entire right lung 
and the patient with bronchopneumonia and e.xtensive involvement in 
both lower lobes did not have a reduction in vital capacity which 
exceeded that in the normal postoperative case. 

The number of symptoms referable to the chest in these cases after 
operation seemed about what would be expected in such a series. From 
the paucity of pulmonary symptoms, the frequency of positive physical 
signs seemed abnormally high. However, after considering all of the 
forces acting to decrease the volume of the pulmonary system and the 
mechanical difficulties in aerating that portion which is left to function, 
it is surprising that every case after operation would not present positive 
physical signs. Even in nonojierative patients who are bedridden, it 
has been shown that areas at the bases occur over which abnormal phys- 
ical signs can be elicited. In tuberculous patients, Sewall frequently 
found positive chest signs such as diminished resonance, decreased or 
absent breath sounds and often rales. Even in normal persons, a physi- 
ologic atelectasis may result from a change in posture or in the vigor of 
respiration. In 1894, Abrams referred to a state of atelectasis in the 
normal lung as well as in pathologic conditions. 

Positive physical signs which might be regarded as evidence of a 
pulmonary complication have been elicited by us after operation and 
confirmed by the attending internist in a number of private cases, and 
yet further study and the subsequent course of events showed that the 
patients were suffering only from the effect of hypoventilation. The 
type of physical signs depends entirely on the degree of compression 
and the lack of aeration of the lower lobes. 

27. Head, J. R.: The Effect of Operation upon the Vital Capacity, Boston 
M. & S. J. 197:83, 1927. 

28. Sevvall, Henry: Pulmonary Atelectasis as a Source of Confusion in Phys- 
ical Examination of the Chest, Am. Rev. Tuberc. 4:811 (Ian.) 1921. 

29. Abrams, A.: Observatioi:s on Physiological Pulmonary Atelectasis, M. 
Rec. 46:268, 1894. 
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With what has been said about the frequency of physical signs and 
the roentgenographic appearance in postoperative studies of the chest, 
it might seem that the diagnosis of pulmonary complications is difficult. 
In this series, three patients had frank pulmonary lesions (table 6) 
which were all distinguishable in the roentgenograms. The two cases 
of massive atelectasis showed the clinical picture as well. The case in 
which a diagnosis of bronchopneumonia was made showed the typical 
temperature chart of pneumonia. The temperature reaction seems the 
best indication of a frank complication. The respiratory rate and the 
pulse were not an indication of a complication. The evanescent char- 
acter of the positive physical signs and the clearing of the hmg markings 
■on the roentgenogram as pulmonary ventilation improves would aid in 
ruling out a postoperative pulmonar)’ complication. 

The most interesting and important observation in this clinical study 
is that most postoperative roentgenograms present an appearance similar 
to that previously diagnosed as a true inflammatory pulmonary lesiotr, 
such as postoperative pneumonitis, bronchopneumonia, or what was con- 
sidered a pathologic lobular atelectasis. There were only six cases in 
which the roentgenograms were clearly negative after operation. Tlte 
other nineteen showed an increased prominence of the trunk shadorvs 
at both bases giving a triangular area of detisity which, on the right side, 
occupied the inner two thirds of the lung field, and on the left side was 
largel)' obscured by the superimposed cardiac shadow. In a few cases 
there was a mottling at the termination of the trunk shadows which we 
regarded as evidence of an atelectasis of the primary lobules with or 
without retained secretions. 

In the lateral views, lung detail posteriorly was largely obscured 
because of the elevation of the domes of the diaphragm after operation. 

The degree of the intensification of the trunk shadows and the hazi- 
ness of the lung fields on the roentgenogram seems to be directly pro- 
portional to the degree of elevation of the diaphragm as shown by the 
perpendicular measurements of the chest. It was thought at first that 
the degree of intensity of the trunk shadows was determined in part by 
the type of case studied, i. e., in the short thick chested person the 
appearance was less striking. However, after reviewing all of the films, 
It was found that of the six cases in which the appearance was not 
present, there were four short thick chested patients and two who had 
long slender chests. 

Additional evidence that the postoperative appearance of the roent- 
genograms is due to pulmonary compression and hypoventilation can 
be fiirnished from a comparison of bedside studies made before opera- 
tion m the exinratory phase and the postoperative examinations made 
at full inspiration. In many cases, little difference in lung detail could 
le seen. In some, the diaphragmatic elevation and intensification of the 
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trunk shadows was more marked in the normal jJostojjerative case than 
that found in the same case before operation during full expiration. 

It has previously been observed that there are changes in the lung 
markings on the roentgenograms made during full expiration. Mach- 
lin “ described shortening and narrowing of the bronchi, principally in 
the lower lobes. The changes are even more marked when bedside 
exposures are made. It is the experience of the roentgenologic depart- 
ment of the University Hospital that roentgenograms made in the expir- 
atory phase in the erect posture do not show the marked intensification 
of the trunk shadows that were observed in this study after bedside 
examination. 

That the evidences of hypoventilation in the postoperative case 
should be even more marked in some cases than that seen in the pre- 
operative expiratory study can be explained by the fact that this hypo- 
ventilation is maintained over a period lasting several hours after 
operation. This prolonged hypoventilation and compression permit 
absorption of imprisoned air within partially collapsed alveoli, and true 
complete atelectasis then is present. The delayed appearance of tubular 
breathing elicited over these areas could be explained on the same 
hypothesis — that the maximum density of the atelectatic lung is not 
reached until the residual air is absorbed. 

The observations made in this study lead us to believe that bronchial 
obstruction, per sc, is not the primarv factor in the production of atelec- 
tasis in the lower lobes after upper abdominal operation. It would 
seem that the active compression of the lower lobes due to the marked 
diaphragmatic elevation and the maintenance of this position over varia- 
ble periods of time, together with the marked reduction in the pumping 
action of the diaphragm, are all factors which should receive the first 
consideration. No doubt the bronchi and bronchioles do become 
obstructed, but we think it results primarily because their lumen become 
smaller and the air current passing through them becomes stationary. 

SUMMARY 

1. A definite appearance (a prominence of the basal trunks, haziness 
of the lung fields and elevation of the dome of the diaphragm) found in 
the roentgenograms of patients after upper abdominal operations is due 
to hypoventilation of the lung, and this appearance should be regarded 
as normal. 

2. This roentgenographic appearance is similar to that in cases in 
which the condition has been diagnosed previously as pulmonary compli- 
cations, bronchopneumonia, postoperative pneumonitis, or as pathologic 
lobular atelectasis. 

30. Machlin, Charles C: X-Ray Studies on Bronchial Movements, Am. J- 
Anat. 35:303, 1925. 
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3. The lung fields on the roentgenogram made at the height of the 
expiratory phase before operation are similar to those found m the 
roentgenograms made after operation during full inspiration. Both 
show evidences of decreased thoracic volume and diminished aeration. 

4. Transient positive physical signs in the chest are found frequently 
after upper abdominal operations. A too hasty diagnosis of a pulmonary 
complication is not warranted from physical signs alone. Clinical signs 
and symptoms are of greater value and are usually present when a pul- 
monari' complication exists. 

5. Changes in chest expansion and in position and movement of the 
diaphragm as well as the change in pulmonary volume all explain the 
marked reduction found in the vital capacity of patients after uppei 
abdominal operation. 

6. The varying degrees of partial atelectasis which occur after upper 
abdominal operations are due primarily to diaphragmatic elevation and 
restriction. 

ABSTRACT OF DISCUSSION 

Dr. George P. Muller. Philadelphia: I have very little to say except that 
Dr. Overholt has worked hard on this study. We were assisted by Drs, Pancoast 
and Pendergrass of our roentgenologic department, who have shown great interest 
in this work on account of the results. This study really started as the result 
of an argument as to the pathologic condition of postoperative pulmonary com- 
plications, because routine roentgen e-xaminations of the chest revealed more pul- 
monary complications than the clinical evidence seemed to warrant. After some 
preliminary work had been done, we became aware that there was some dis- 
crepancy between the so-called pneumonitis and the clinical aspects. That was the 
problem Dr. Overholt set to work to try to solve. 

He has shown well that after operations on the upper part of the abdomen 
something occurs to the diaphragm which diminishes the air capacity of the lung, 
therefore giving an opacity at the base of the roentgenogram which will simulate 
the pathologic bronchopneumonia or atelectasis. 

Dr. Kenxon Dunham, Cincinnati: I should like to inquire why the roent- 
genograms were always taken on expiration rather than on inspiration. 

Dr. Willy Meyer, New York ; This highly scientific and extensive follow-up 
before and after operation by Dr. Muller and his associates is most important. 

Many of us have observed postoperative developments carefully from a clinical 
standpoint. Every older physician remembers, and the younger physicians have 
had the older ones tell them, that they always were most fearful of the post- 
operative complications of the lung. 

Dr. Muller’s study involves surgical work in the upper part- of the abdomen, 
operations on the gallbladder, stomach and duodenum. All surgeons have seen 
lung complications follow just such operations in spite of a splendidly given 
general anesthesia as well as after a perfect regional and local analgesia. 

From a mere empiric standpoint, my associates and I have been in the habit of 
a \ismg the patients at the Leiio.x Hill Hospital in New York to start regular 
I ecp inspirations as soon as they have come completely out of the anesthesia. We 
e t ic attending nurses to have these patients practice “gymnastics of the lungs” 
regularly and faithfully, and we tell the patients that the oftener they do it, the 
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better it is for them. They clo.se their mouth, then slowly draw a deep inspiration 
through the nose until it begins to hurt at the seat of operation, and then try to do a 
little more. In other words, wc start the pulmonary ventilation immediately after 
the operation and explain to the patient that “he has to get rid of the gas still 
circulating with his blood.” 

To my delight, I have just heard presented a scientific war' of measuring 
regularly the circumference of the chest and, then, by means of interesting the 
roentgenographic department in the follow-up after operation, to study the imme- 
diate consequences of the operation in the working of the lungs from day to day. 
It shows “scientifically" the occurrence of the so-called massive collapse of the 
lung which Dr. Scrimger started discussing seven or eight years ago at the 
Congress of Clinical Surgeons at Montreal. 

The study proves that it is almost a surgeon’s duty to insist on this pulmonary 
ventilation in patients who have had general anestliesia, and the earlier it is done 
the better. 

What causes the massive atelectasis^ still needs further investigation. I have 
had some interesting conversations here with a number of men regarding the 
so-called postoperative massive collapse, better called massive atelectasis. It 
seems to have been proved by members of the Washington University School of 
lifedicine, by the younger students under the guidance of Dr. Graham, that con- 
traction of the circular muscles of the bronclii evidently plays an important role. 
That seems to be the starting point of the so-called massive atelectasis. Later on, 
the viscid fluid that collects in the bronchioles and bronchi is added to the original 
effect of the mechanical contraction of the bronchi. But all this must first be 
definitely proved. 

Dr. E. a. Graham, St. Louis: I also wish to add my word of congratulation 
to these interesting studies. I should also like to commend Dr. kfeyer for his 
apparent success in getting his patients to take deep respirations after upper 
abdominal operations. I liave tried to get patients to do that for a good many 
years and have not met with any great degree of success. 

When Haggard and Henderson published their work about four or five years 
ago on the use of carbon dioxide for the purpose of washing ether out of the 
lungs, as they rather graphically expressed it, we began to use the inhalation of 
carbon dioxide on patients who had had ether anesthesia in a routine manner. Since 
that time, we have used it almost as a routine for patients who have had any 
anesthesia, particularly those on whom any ki\id of abdominal operation has been 
done. I was also much interested in Dr. Elliott Cutler’s article in The Journal 
of the American Medical Association a year or two ago on the same subject, and 
I agree heartily with everything he had to say. 

The difficulty about voluntary hyperventilation is that it is difficult to accom- 
plish. A few whiffs of carbon dioxide, however, will compel the patient to take 
a deep respiration. We ordinarily start the use of carbon dioxide as soon as the 
anesthesia is stopped, that is, in the operating room before the wound is closed. 
Carbon dioxide tanks also are kept in the wards, and the nurses are instructed to 
give the patients inhalations of carbon dioxide at intervals of about every half 
hour if the patient is not breathing deeply. If the patient is breathing deeply, then 
some judgment is exercised by the nurse as to whether it is necessary to give a 
little carbon dioxide. 

It is not necessary for the carbon dioxide to be kept up for any length of time. 

If the patient takes only two or three deep breaths, it seems to me that this )s 
sufficient to accomplish a proper amount of pulmonary ventilation, enough to avoid 
massive atelectasis. 
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point. In an e.xpcrimental and clinical work on atelectasis as well as on lobar 
pneumonia, Dr. Henderson and I obtained interesting _ results, in which the 
hyperpnea produced h^' inhalation of carbon dioxide does not seem to be the only 
acting cause. It looks as if besides the mechanical action, there is a chemical 
action of the carbon dioxide inhaled, which may be of practical importance, espe- 
cially if one bears in mind that, as a rule, the pneumococcus is presGUt in the 
bronchial exudate in atelectasis. 

Dr. J. J. Singer, St. Louis: I was interested in the description of the x-ray 
reports as given bj' the essayist. Al^e have often found that the shadows on the 
roentgenograms are interpreted differently by different men. A shadow in the 
lung only means a lack of air content, but what causes it is another problem. 

In a patient who is on the operating table for an hour or two, perfectly relaxed 
from an anesthesia and particularly from morphine, it is evident that the dependent 
parts of the lung would become less ventilated and more congested. Naturally, the 
lung w'oiild fill out less space, and the diaphragm would have to come up to fill 
out the space. 

We have often been surprised to sec definite signs of pneumonia in the lung a 
day or two after an operation, and then to find on the third day that all the 
physical signs have disappeared. 

In 1914, when I first began to study roentgenograms of the chest, I noticed 
that many of the plates presented by the x-ray department were taken at various 
phases of inspiration. If one plate is taken today and another two or three days 
later, they would not look like plates of the same patient. I recall having a 
roentgenogram made of my own chest at inspiration and at expiration and showing 
them to my colleagues for their interpretation. A diagnosis of tuberculosis was 
made from the one taken at expiration. It was purely a matter of lessened 
expansion, and I think that if every one watches his roentgenograms a little more 
carefully and interprets them properly, there will be fewer diagnoses of post- 
operative complications. 

Dr. Richard H. Overiiolt; Dr. Dunham asked why the plates were taken 
after expiration. In only about half the cases were plates made after expiration. 
In all cases, plates were taken at full inspiration. The e.xpiratory films were 
taken before operation in order to compare them with the postoperative inspiratory 
plates ; both showed hypo-aeration of the lung. 

Dr. Graham mentioned the use of carbon dioxide after operation. To all of 
these patients who received general anesthesia, carbon dioxide was given at the 
end of the operation. In only one case was carbon dioxide used as well after the 
patient had been returned to the ward. This was a patient who we thought was 
developing a massive atelectasis. 

Five of these patients were operated on under spinal anesthesia. Most of them 
were given ether or gas-o.xygen combined with procaine hj'drochloride locally. 
The appearance was just the same in cases in which the operation was done under 
spinal anesthesia; so nothing was said about the type of anesthetic. We feel that 
the type of anesthetic has no effect on the subsequent appearance of the post- 
operative roentgenograms. 

I was glad that Dr. Singer mentioned the interpretation of the roentgenograms. 
Early in the study we thought that we were getting complications in all patients, 
but we later realized it was merely a mechanical change, or cloudiness, as a result 
of poorly ventilated lung tissue. We feel that this is one of the most important 
points in this study. AVe wanted to emphasize the necessity of careful interpreta- 
tion of the postoperative films. It would be well to check the roentgenograms 
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INTRODUCTION 

Despite an extensive literature on the circulation in the compressed, 
collapsed or consolidated lung in pneumothorax, massive atelectasis and 
lobar pneumonia, we have as yet only few definite ideas on this subject. 
Views which are most varied, if indeed not diametrically opposed, are 

*From the Department of Surgical Research, Cornell University I'ledical 
College. 

* This work was aided by a fund of Mrs. John L. Given in support of surgical 
research. 
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upheld by different investigators. For the atelectatic lung, opposite theo- 
ries have been brought forth: (1) an increased blood flow with an 
impoverishment of blood supply to the healthy lung (Cloetta/ Sauer- 
bruch -) ; (2) a more or less complete suppression of circulation in 
the affected lung (Weber, => Brauer,* Bruns, = Propping,'’ Yates,' Torek,* 
etc.). 

For lobar pneumonia, the same divergence of opinion exists. 
Lundsgaard and van Slyke,® reviewing different theories relating to the 
mechanism of the production of cyanosis, said : We are yet uncertain 
concerning the main factor in preventing reoxygenation of the blood in 
the lungs; . . . insufficient oxygenation of blood passing aerated 
lung tissue or a fraction of blood passing consolidated lung tissue.’ 
Stadie’® found “extensive consolidation without cyanosis, which is 
against the idea of a shunt . . . that is to say an intact circulation 

in the unaerated consolidated lung.” Ribbert,'^ Kline and Winternitz,’® 


1. Cloetta, M.: Ueber die Zirkulation in der Lungen und Beeinflussung durch 
ueber und unter Druck, Arch. {. exper. Path, u, Pharmakol. 66:409, 1911. 
Cloetta, M., and Anderes, E. : Besitzen die Lungen Vasomotoren, ibid. 76:125, 
1914. Anderes, E., and Cloetta, M. : Eine weitere Methode zur Prufung der 
Lungenzirkulation, Arch. f. exper. Path. u. Pharmakol. 79:291, 1915; Die Beweis 
fiir die Kontraktilitiit der Lungengefassen, ibid. 79:301, 1916. 

2. Sauerbruch, F. : Zur Pathologic der offenen Pneumothorax, Mitt. a. d. 
Grenzgeb. d. Med. u. Chir., 1904, vol. 13. 

3. Weber, E. : Ueber active Aenderungen der arteriellen Blutfulle der 
Lungen, Arch. f. Anat. u. Physiol., Suppl., 1914, p. 377 ; 1912, p. 383. 

4. Braucr, L., quoted by Lundsgaard, C., and van Slyke, D. : Cyanosis, 
Baltimore, Williams & Wilkins Company, 1923, p. 22. 

5. Bruns, O. ; Ueber die Blutzirkulation in der atelectatischen Lunge, 
Deutsches Arch. f. klin. Med. 108:469, 1912. 

6. Propping, K. : Ueber den Blutgehalt der Pneumothoraxlunge, Arch. f. 
klin. Chir. 112:445, 1919. 

7. Yates, J. L. ; The Significance of the Vita! Capacity in Intrathoracic Sur- 
gery, Arch. Surg. 12:257 (Jan.) 1926; Effects of Acute and Chronic Pneumo- 
thorax, Am. J. M. Sc. 1:165, 1923. 

8. Torek, F.: In Discussion of papers on “Acute and Chronic Nontuber- 
culosis Bronchopulmonary Suppurative Lesions. Arch. Surg. 16:316 (Jan.) 1927. 


Slyke, D. ; Cyanosis, Baltimore, Williams & 


9. Lundsgaard, C., and van 
Wilkins Company, 1923, p. 43. 

10. Stadic, W. C.; The Oxygen in the Arterial and Venous Blood in Pneu- 
monia and Its Relation to Cyanosis, J. E.xper. Med. 30:215, 1919; The Treatment 
ol Anoxemia in Pneumonia in an O.xygen Chamber, ibid. 35:337, 1922. 

11. Ribbcrt; Ueber die Ursachen der Blutarmuth grau hepatizierter Lungen 

\ircbous Arch. f. path. .'\nat. 136:363, 1894. ’ 


monh in'RMr, "PO’’ Experimental Pneu- 

ma m Rabbits ; 8. Intravitam Staining in Experimental Pneumonia and the 
Circulation m the Pneumonic Lung. J. Exper. Med. 21:304, 1915. 
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Gross,^= Binger and others,” on the other hand, tried to show that in 
pneumonia tlie circulation is completelj' cut otf in the consolidated lobe. 
Peabody ” and Butterfield and Peabody contended that in most cases 
of uncomplicated pneumonia the decrease in respiratory surface is com- 
pletely compensated and the oxygen content of the blood is within 
normal limits ; Peabody and Harrop suggested that in rabbits that 
had received injections of pneumococcus as well as in cases of influenza 
and influenzal pneumonia in man, the respiratory distress and cyanosis 
are due to partial conversion of hemoglobin to methenroglpbin. But the 
presence of methemoglobin has never been proved spectroscopically. 
Lundsgaard and van Sh'ke® concluded that “the question is of theo- 
retical and practical importance in manj^ respects and needs further 
investigation.” 

During our experimental work on massive atelectasis and lobar 
pneumonia, we were repeatedi}' faced with this question and decided 
to investigate it thorouglil)'. We concentrated chiefly on the circulation 
in the small branches of the pulmonar}' artery, and more especially in 
the capillaries. Injections of different substances were given into the 
pulmonar}' circulation in the living animal. The roentgenographic pic- 
tures obtained with injection of iodized oil, which showed the condition 
of the circulation in the branches of the pulmonary arteries and the 
histologic preparations after intravenous injections of india ink showing 
the changes occurring in the capillary circulation, demonstrated clearly 
that none of the foregoing theories is entirely correct. We came to the 
conclusion that in the three aforementioned pulmonary conditions there 
is an impairment of the capillary — and only the capillarj' — circulation; 
but this is due exchisiveh' to the collapse of the alveoli. The impairment 
of the ciixulation follows and is caused by the impairment of the alveolar 
ventilation. There is no obstruction in the branches of the pulmonary 
artery and the impairment of the capillary circulation is due neither to 
the obstruction by emboli nor to compression by intra-alveolar exudate. 

13. Gross, L. ; The Blood Supplj- to the Pneumonic Lung, Canad. M. A. J. 
9:632, 1919. 

14. Binger, C. A. L., and Brow, G. R. : Studies on the Respiratory Mechanism 
in Lobar Pneumonia, J. Exper'. Med. 39:677, 1924. Binger, C. A. L. ; Christie, 
R. V., and Ehrich, W. : Diathermy in Pneumonia, J. A, M. A. 91:367 (Aug. 11) 
1928. 

15. Peabody, F. W. : The Oxygen Contents of the Blood in Rabbits Infected 
with Pneumococcus, J. Exper. Med. 18:1 (July) 1913; The Oxygen Content of 
the Blood in Lobar Pneumonia, ibid., p. 7. 

16. Butterfield and Peabody, quoted by Austrian, C. R. ; Pneumonia in Ticc: 
System of Medicine, Hagerstown, Md., W. F. Prior, 1920, vol. 3, p. 1. 

17. Peabody (footnote IS, first reference). 

18. Harrop, G. A. : The Behavior of the Blood Toward Oxygen in Influenzal 
Infections, Bull. Johns Hopkins Hasp. 30:10, 1919. 
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We shall first give a short resume of a few points in the ph 3 "siology of 
the circulation in the lung in relation to respiration, which will be fol- 
lowed by a review and discussion of theories on the circulation in the 
atelectatic and pneumonic lung. Our experimental obseivations and 
our conception of the question, based on them, will then follow. 


THE CHEMISTRY OF RESPIRATION 


As long as alveolar ventilation and circulation in the pulmonary 
capillaries are normal, the gas exchange will be normal, and the volumes 
of oxygen and carbon dioxide will show a remarkable constancy; but 
if ventilation is impaired by (1) changes in the inspired air, (2) an 
increase in the thickness of the septums which separate the air sacs from 
the circulating blood or (3) obstruction of the bronchi or bronchioli, 
then more or less marked alterations in the partial pressures of oxygen 
and carbon dioxide in the venous, and particularly the arterial, blood 
will occur, accompanied by modifications in the />h of the blood and 
changes in the urine. 

In the case of bronchial obstruction, if the circulation remains intact, 
an amount of blood will circulate through unaerated channels; it will 
be overcharged with carbon dioxide, pass through the pulmonary veins 
into the left side of the heart and pollute the arterial blood. In this 
waj' the criterion of persistent circulation in unaerated portions of the 
lung will be the increase of the partial pressure of carbon dioxide in the 
arterial blood. 

Normally, the partial tension of oxygen in the alveolar air is 107 
mm. of mercury, and of carbon dioxide 40 mm. The tensions of the 
gases in the venous blood in the lung capillaries (Loewy‘“) are: 
oxygen — 5.3 per cent = 37 mm. of mercury ; carbon dioxide === 6 per 
cent ~ 46 mm. of mercury. There is thus a difference of tension of 
o.xygen between the alveolar air and the blood of 107 — 37 == 70 me 

o * 

of mercury, which will tend to cause a passage of oxygen from the 
alveolar air to the circulating blood. The total surface of the lung 
should be, according to Hufner."" about 140 square meters; even if 
it has a minimal measurement of 90 square meters, this would be 
equal to 1,000 square feet. On the other hand, the thickness of the 
septums separating the capillaries from the alveoli, in which the blood 
circulates, is a la 3 -er no more than one red corpuscle thick, or 
about 0.004 mm. According to the figures given by Loewv and 
/nun. relative to the speed of diffusion of gases, under an alveolar 
oxygen pressure of only 35 mm. of mercury. 6.7 cc. of oxygen can 


19 Loewv, in Starling: Principles of Human 
w 1-ebiger, 1915, p. 907. 

2<1 TTiifner. in Starling: Principles of Human 


Physiology. Philadelphia, Lea 
Piiysiology, p. 507. 
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pass through a square centimeter of the alveolar wall in a minute. This 
amounts to 6,083 cc. of oxygen per minute through the whole surface 
of the lung, or over 360,000 cc. per hour. The oxygen actually 
absorbed by a man a^'erages only 350 cc. per kilogram of body weight 
per hour, or about 20,000 cc. per hour for a person weighing 60 Kg. ; 
this gives an ample margin of safety for increased oxygen consumption; 
in fact, a difference of pressure of a couple of millimeters would suffice 
to cause a passage of 300 cc. per kilogram per hour, which is required 
by the resting man. In the same way it is eas}' to account for the 
passage of carbon dioxide in the reverse direction, especially since this 
gas diffuses twent 3 '-five times as rapidly as oxj^gen, so that a difference 
of pressure between the blood and the alveolar air amounting to only 
0.3 mm. of mercury would suffice to cause a passage into the alveoli of 
the 300 cc. of carbon dioxide per kilogram normally expired per hour. 
We wish to emphasize these figures, which show that in the resting man 
(or animal) only one-twentieth part of the total surface of the lung is 
sufficient to insure a normal oxygenation of the blood. A great part of 
the lung, therefore, could remain unacrated before respiratory dis- 
turbance would ensue. This margin of safety', hotvever, is greatly 
lessened if for any reason the thickness of the septums separating the 
blood from the alveolar air is increased, as in edema of the alveolar 
wall, bronchitis (Hoover -‘) or poisoning from gas (Barcroft, Hunt 
and Dufton^-). Brauer ■* created the term “pneumonosis” to indicate 
decreased permeability of alveolar epithelium. 

Another important point in the chemistry of respiration is the rela- 
tion of carbon dioxide tension to the dissociation curve of oxyhemo- 
globin. With a normal tension of oxygen in the alveolar air (107 mm. 
of mercurj^) and of carbon dioxide (40 mm. of mercury), the hemo- 
globin is 95 per cent saturated. But if the pressure of oxygen falls 
to 40 mm. of mercurj-, with a carbon dioxide pressure of 40 mm., 
the hemoglobin is only about 65 per cent saturated; and at 30 mm. 
alveolar oxygen pressure it is only 50 per cent saturated (Bohr, Hassel- 
bach and Krogh ==’). It has been shown that carbon dioxide acts to split 
oxygen from oxyhemoglobin, so that as the blood picks up carbon 
dioxide in its passage through the capillaries, oxygen is liberated from 
the oxyhemoglobin more readily than would otherwise be possible. 

21. Hoover, C. F. : On the Relation Between Blood Flow and Alveolar Ven- 
tilation, J. A. M. A. 71:880 (Sept. 14) 1918. 

22. Barcroft, J. ; Hunt, G. H., and Dufton, D. : The Treatment of Chronic 
Cases of Gas Poisoning, Great Britain Medical Research Committee, Reports of 
the Chemical Warfare Medical Committee 4:13 (April) 1918. 

23. Bohr, C.: Hasselbach, K., and Krogh, A.: Ueber einen in- biologischer 
beziehung wichtigen Einfluss, den die Kohlensaurespannung aiif dessen saverstoff- 
bindung iibt, Skandin. Arch. f. Physiol. 16:402, 1904. 
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Moreover, the pressure of salts in the red blood corpuscles greatly 
influences the dissociation curve of oxyhemoglobin which, in the 
absence of these salts, takes on the form of a rectangular hyperbola 
(Barcroft and Roberts "*). 

In the venous blood, as we have seen, the partial pressure of oxygen 
is 37 mm. of mercury and of carbon dioxide is 46 mm. The carbon 
dioxide is combined with the alkalis of the blood. There is a close 
relation between oxygen and carbon dioxide. Increase of carbon dioxide 
shifts the dissociation curve of oxyhemoglobin to the right, and a like 
increase in oxygen helps to liberate carbon dioxide from the blood. 
As Bohr and Halberstadt,“= Haldane =“ and others have shown, more 
carbon dioxide is given off into the air when oxygen is present. If one 
lung is ventilated with air and the other with hydrogen, the lung ven- 
tilated with air gives off nearly 50 per cent more carbon dioxide than 
the lung ventilated with hydrogen. Conversely, the blood takes up 
considerably more carbon dioxide in the absence of oxygen. Oxygena- 
tion reduces the carbon dioxide capacity of the blood to such an extent 
that the partial pressure of carbon dioxide is raised and it can be given 
off by the blood in the lungs when the carbon dioxide pressure is con- 
siderably lower than that of the alveolar air. Thus excessive breathing 
“washes out” the carbon dioxide of the blood ; if such breathing is kept 
up for a sufficient time it can produce coma and progressive failure in 
the circulation due to an excessive rise of pu (alkalosis), as Hender- 
son showed. In these cases the available alkali in the blood increases, 
contrary to acidosis due to excess of carbon dioxide where the 
available alkali decreases. Henderson and Haggard noticed that 
dangerous symptoms were produced in animals by any considerable 
increase of the available alkali in the blood when the increase was 
produced by excessive artificial respiration. Anoxemia, on the con- 
trary, is the condition in which the partial pressure of oxygen in the 
systemic capillaries is abnormally low. It is due to defective saturation 
of the arterial hemoglobin with oxygen. Haldane, Meakins and 
Priestley ,=» in experimenting with their “concertina apparatus” by which 


24. Barcroft, J., and Roberts, F.: The Dissociation Curve of Hemoelobin 
J. Physiol. 39:143, 1909-1910. 

25. Rohr and Halbcrstadt, in Nagel: Handbuch der Phvsiologie des Menschen 
1905, vol. 1, p. 208. 

26. Haldane, J. S.; Respiration, New Haven, Yale University Press, 1922 
... "■ "" 
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“shallow breathing” was realized in normal persons, found that when 
the depth of the respirations was gradually more and more limited the 
breathing became periodic. Periodic breathing is a characteristic symp- 
tom of anoxemia, and it is promptly abolished when a little oxygen 
is added to the inspired air. According to these authors, the anoxemia 
is due to unequal and insufficient expansion of the lungs and to the 
relati\’e increase of the dead space atid the uneven ventilation of the 
alveoli. As a consequence, the venous blood passing through unex- 
panded parts of the lungs will be imperfectly oxj-genated. The amount 
of oxygen will decrease, although in the exjjanded portion of the lung 
hyperventilation prevails and the effect will be a “washing out” of carbon 
dioxide with an insignificant increase of the oxygen. This is so because 
the oxygen pressure is only from 16 to 18 per cent of an atmosphere and 
little ox3'gen can be taken ujj b}' the blood, as is shown In' the respective 
dissociation curves for ox\'gen and carbon dioxide present in the blood 
fPIaklane ^”). Another cause of anoxemia is inflammation of the 
alveoli, which prevents a sufficient volume of o.v^'gen from passing into 
the blood. This was observed in cases of chlorine poisoning during 
the war, and is the cause of C3'anosis in bronchitis or edema of the lung, 
etc. The passage of the blood through unaerated channels is another 
cause of anoxemia, and such a condition obtains in the first stages of 
atelectasis or pneumonia. 

Study of the chemistry of respiration leads to the conclu- 
sion that there is an intimate connection between respiration 
and circulation. Henderson,-' in a series of papers on “Acapnia and 
Shock,” showed that the local circulation in tissues is regulated in 
accordance with the local carbon dioxide pressure. Haldane,“^ in his 
remarkable book on respiration, said : “The main fact must never be 
lost sight of that the primaiy factor in determining the rate of circula- 
tion is neither the heart nor the venous centers but the metabolic 
activities of the tissues. At bottom, the regulation of the circulation is 
a chemical regulation, just as in the case of deep breathing”; this chem- 
ical regulation is as accurate and delicate as the regulation of breathing. 
These conclusions added to the important discovery of Krogh of the 
opening or closing of capillary paths according to local tissue necessities 
will help us to a better understanding of our subject; for this reason, we 
feel justified in having dealt at some length with the chemistr}' of 
respiration. 

30. Haldane (footnote 26, p. 136, fig. 45). 

31. Haldane (footnote 26, p. 279). 

32. Krogh, A.; The Supply of Oxygen to the Tissues and the Regulation of 
the Capillary Circulation, Am. J. Physiol. 42:457, 1919; Anatomy and Physiology 
of Capillaries, New Haven, Yale University Press, 1922. 
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THE CAPILLAKY SYSTEMS OV THE LUNG 


Precise knowledge of the capillary systems of the lung, pulmonary 
and bronchial, their interrelations and relative importance and functions, 
is necessary for a dear understanding of their pathologic ]n-ocesses. 

Bronchial System of f ’e 5 sc/s.— Miller ,==> in a series of jrapcrs, showed 
that the bronchial artery distributed itself along the entire length of the 
bronchi, giving small branches which form capillary plexi in the sub- 
mucosa of the bronchi and bronchioli (as far as the respiratory 
bronchioli and ducti alveolaris) around the bronchial glands and even in 
the septums between the alveoli (fig. 1). At almost regular intervals 
these capillaries join venous radicals which are situated in the mucosa. 
These venous radicals form a rectangular plexus corresponding to the 
long axis of the bronchus. From this venous plexus, branches pass 
through the muscular la 3 -er and form a second plexus which is situated 
along the boundary line between fibrosa and muscularis. The second 
plexus is the source of venous radicals which, in the deejter part of the 
lung, form one of the sources of the pulmonary vein ; these correspond 
to the bronchopulmonary veins of Le Fort. On the other hand, the 
venous radicals which arise from the first two or three divisions of the 
bronchi do not join the pulmonary vein, but form the true bronchial 
veins which empty into the azygi, the intercostal veins or the superior 
vena cava. The important point is that although there are no anasto- 
moses between bronchial arteries and pulmonary arteries, the bronchial 
capillaries, partly at least, communicate with the pulmonary vein system 
through the bronchopulmonary veins of Le Fort. 

When berlin blue in gelatin under pressure of 112 mm. of mercury is 
injected into the pulmonary artery, the pulmonary vein being open, the 
bronchial vessels will not be injected (Miller If the injection is 
made into the pulmonary vein, the pulmonary artery being open, the 
bronchial vessels will be partially injected. The same will occur if the 
injection is made into the pulmonary artery, the pulmonary vein being 
clamped, the berlin blue thus passing retrograde from the capillaries of 
the pulmonary vein to the bronchial capillary system. But if the injec- 
tion is made into the pulmonary vein, the pulmonary artery being 
clamped, there will be a complete injection of the bronchial vessels. This 
is a clear demonstration of the absence of anastomoses between bronchial 
arteries and pulmonary arteries; that direct communication between 
bronchial vessels and the pulmonary venous system exists, is established 


, Arrangement of the Bronchial Blood Vessels Anat 

24.4sf J. Morphol! 
T f.. ’ Lungcnlappchen, seine Blut-und 

Lymphgefasse, Arch. f. Anat. u. Physiol., Anat. Abt., 1920, p. 197. 

34. Miller (footnote 33, first reference). 
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by the following experiment : Miller injected berlin blue in 8 per cent 
gelatin into the pulmonary vein until it flowed freely from the pul- 
monary artery. The pulmonary vein was clamped and gelatin contain- 
ing 8 per cent vermilion granules in suspension was forced into the 



□ Bronchioli respiratoni b,Br.b 
n Bronchioli respKO'otii a, Sr «. 
H Bronchiolus SR. 


Fig. 1. — Scheme of the air-v\ays in three lobules of the lungs (after William 
Snow Miller). 

pulmonary artery. The artery showed red, whereas the pulmonary vein 
and bronchial vessels showed blue. This explains the congestion of the 
bronchial vessels by a stasis in the pulmonary venous system. 

Pulmonary System of Vessels . — The pulmonar)^ capillary system is 
less complicated than the bronchial. The pulmonary arteries follow the 
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bronchi and rapidly divide, so that for each bronchus and bronchiolus 
there is an artery which follows it closely and gives branches to the 
ducti alveolaris before they are reduced to capillaries around the sacculi. 
The capillary systems of adjacent alveoli communicate intimately 
(Sauerbruch^®) and are not independent as is so often stated in text- 
books. In figure 2 this disposition is clearly shown. These capillaries 
join venous radicals which unite to form the interlobular veins that 
extend from the periphery of the alveoli toward the hilum to join a 
corresponding lobar vein at the proximal region of .the bronchioli. 
Before reaching this point, they receive a part of the blood of the 
bronchial plexi at the height of the ducti alveolaris and respirator}^ 
bronchioli. 
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numerous air sacs, so that in these regions the bronchial capillaries 
function as part of the respiratory system. Hyrtl “ showed that injec- 
tions through small bronchial arteries ahva3's reach the venous alveolar 
capillaries. Therefore, no sharp distinction between respirator}^ and 
nutritive s3'stems can be made in the lung, the pulmonary veins carr3dng 
back a part of the blood of the bronchial capillaries. This fact 
explains wh}' ligation of a branch of the pulmonar}' arter}' in animals 
and in man does not interfere with the nutrition of the alveoli, as Sauer- 
bruch has shown. 

Cohnheim and Litten did not believe that there was any communi- 
cation between the two capillary S3'stems. It was Kiittner who first 
suggested the wide anastomosis between the two s3"stems, from observa- 
tion in the frog’s lung. Haller,^® Hyrtl,'"* Henle,'*^ Luschka^- and 
Virchow maintained that extensive anastomoses exist, and to this view 
Cohnheim and Litten were later converted. 

PATHOLOGIC PHYSIOLOGY 

The anastomotic disposition of the vascular systems of the lung 
will regulate the alterations which follow isolated or concomitant liga- 
tions or obstructions of one or more of the vessels of the lung — ^pulmo- 
nary artery, pulmonar}’ vein or bronchial vessels. 

Ligation of a branch of the pulmonary artery (Bruns,'* Sauerbruch.*’** 
Schlaepfer *■* and Smirnoff *'*) is followed by shrinkage and atelectasis 
with fibrous sclerosis of the corresponding portion of the lung. These 

36. Hyrtl, J. : Die Corrosions-Anatomie und ihre Ergebnisse, Vienna, Wilhelm 
Braumuller, 1873, p, 93. 

37. Cohnheim, J., and Litten, M.: Ueber die Folgen der Embolie der Lungen- 
arterien, Virchows .Arch. f. path. Anat. 65:99, 1875. 

38. Kuttner, H. : Beitrag zu den Kreislaufsverhaltnisse der Froschlunge, 
Virchows Arch. f. path. Anat. 61:21, 1874; Beitrag zur Kenntniss Kreislaufsver- 
haltnisse der Saugethierelunge, ibid, 73:476, 1878. 

39. Haller, A. : leones Anatomicae. Tabulas Arteriarum Bronchialiuin, 
Gottingen, B. A. Vandenhoeckii, 1756, pt. 8, p. 31. 

40. Hyrtl, J. : Lehrbucli der Anatoinie, ed. 2, Vienna, AV. Braumuller, 1851 ; 
footnote 36. 

41. Henle, F. G. J. : Handbuch der Eigenweidslchrc des ilenschen, Braun- 
schweig, F. Viewig u. Sohn, 1866. 

42. Luschka, H. : Die Anatomic des Menschen, Tubingen, H. Laupp, 1863, 
vol. 2, p. 316. 

43. A^irchow, R. ; Gesammte Abhandlungen zur wissenschaft lichen kledizin, 
Frankfurt, Meidinger u. Sohn, 1856, p. 295. 

44. Schlaepfer, K. : The Effect of Ligation of the Pulmonary Artery on One 
Lung AVithout and AVith Resection of the Phrenic Nerve, Arch. Surg. 13:623 
(Nov.) 1926. 

45. Smirnoff, S. A. : Ueber die Folgen der Unterbindung der Lungenartenen, 
Arch. f. klin. Chir. 141:512, 1926. 
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alterations are more marked the longer the period of ligation. In nine 
dogs, Smirnotf ligated the pulmonary branch of the lower left lobe. 
He killed the animals in from ten days to one year and four months. 
In all cases he noticed “shrinkage of lobe; the lung parenchyma has 
taken on a solid and airless consistency. Small pieces sink in water. 
There is a complete physiologic suppression of the lung. None of the 
aforementioned authors or Kiittner,'® Kawamura,''' Ritter and Ostiow- 
sk}' has ever had a hemorrhagic infarction of the corresponding part 
of the lung. 

Four months after ligation of the pulmonary branch to the left lower 
lobe, this part of the lung was transformed into “a short solid band.” 

Sixteen months after ligation, the lobe was extremely small and 
fleshy, sank in water and had undergone a “fibrous atrophy.” Smir- 
noff does not favor the term used by Sauerbruch.®” that is, “carnifica- 
tion,” because there is no inflammation with organization of the 
exudate, but simply an abnormal development of connective tissue 
especially marked in the perivascular spaces and the interalveolar 
septums. This connective tissue compresses the alveoli and causes an 
atrophy of the parenchj'ina of the lung, but never penetrates the alveoli. 
Degeneration of the mucosa, atrophy or atypical growth of the bronchial 
epithelium was noticed, whereas the alveolar epithelium had complete!)' 
disappeared. The bronchial vessels and their finer triliutaries were 
constantly dilated. It is thus clear that the lesions following ligation 
of the pulmonar)' arteries are quite similar to those following ligation 
of a bronchus. Figure 3 shows the roentgenographic evolution after 
ligation of the left pulmonary artery. It pictures the striking similarity 
between the results obtained after suppression of circulation on the one 
hand and suppression of ventilation on the other, as in cases of obstruc- 
tive atelectasis. Comparison should be made with our roentgenograms of 
atelectasis (figs. 10, 12, 14 and 16). The shrinkage of the involved 
lobes is shown clearly in figures 3 and 4. 

Schlaepfer kept dogs with ligated pulmonary arteries for two years. 
He found the collateral nutritive circulation well established within two 
months after ligation or within three months in dogs in which he sec- 
tioned Ae phrenic nerve at the same time. The caliber of the bronchial 
artery is doubled within that period, and from three to four times its 
normal caliber within two years. 


46. Kiittner (footnote 38, first reference). 

47. hawamura, K.i Ueber die kunstliche Erzeugung von Lungenschrumpfung 
1913 ^"terbmdung der Pulmonarterienaste, Deutsche Ztschr. f. Cliir. 125:373, 


48. Ritter and Ostrowsky, quoted by Smirnoff (footnote 45). 
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Ligation of the pulmonary vein of a lobe is followed by different 
results than is ligation of a corresponding artery. As Smirnoff has 
shown, the return circulation to the left side of the heart will be com- 
pletely suspended, so that the blood in the bronchial and pulmonary 
capillary systems can return only by way of the bronchial veins and so 
through the azygi, intercostal veins and superior vena cava back again 
to the right side of the heart. If these collaterals are sufficient, the 
return circulation might be unimpaired. In the dog these anastomoses 
are insufficient, and ligation of the pulmonary veins is followed by 



Fig. 3. — A, normal rabbit’s chest. The position of the mediastinum and the 
heart may be noted. B, rabbit chest fifty-seven days after ligation of the left 
pulmonary artery combined with resection of the phrenic nerve. Silver clips were 
applied to the nerve. Displacement of the mediastinum and the heart toward the 
side on which operation was performed may be noted Cloudiness is seen in 
lung area on the opposite side. The light area in the lower left side resulted 
from the displacement of the right mediastinal lobe, interposed between the 
diaphragm and the left lung. C, the same chest after 110 days. Displacement of 
the mediastinum is more marked Gradual dilatation of the right mediastinal 
lobe caused an enlargement of the light area in the lower left region (after 
Schlaepfer). 


49. Smirnoff, S. A.: Versuche uber einfache und kombinierte Unterbindung 
der Lungengefasse, Arch f. klin Chir 146:215, 1927 
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ietha! complications, that is, stasis, passive congestion and edema. It 
is interesting to note what happens in partial occlusion of the pulmonary 
veins in the dog when survival of the animal is possible. Schlaepfer 
ligated the left pulmonary veins in thirteen dogs so as to decrease the 
diameter to one-fourth the original. 

Dogs may die during or shortly after the reduction of the size of the pul- 
monary vein in from one to two days after operation with increasing dyspnea, 
congestion, hemorrhages into the lung and dilation of the right ventricle. - . . 
If the animal survives the acute effect of the operation, complete recovery occurs 
within forty-eight hours and he remains quite well. 

The lung with veins reduced in diameter become smaller than the 
lung that has not been operated on. A collateral venous circulation is 
gradually developed in the former through pleuropulmonarv adhesions ; 



Fig, 4, — Rabbit lung 109 days after ligation of the pulmonary artery combined 
with plircnicotomy. On the left is the anterior aspect; on the right, the posterior 
aspect. The small shrunken left Jung may be noted. The right mediastinal lobe 
shows a compensatory dilatation ; A, shrunken left lung ; B, right mediastinal lobe 
(after Schlaepfer). 


the bronchial veins are greatly increased in size. Schlaepfer has 
already shown the clinical importance of this compensatory circulation. 
The capillaries of the lung that has not been operated on are dilated and 


50. Schlaepfer, K. ; Morphological Changes Associated with Partial Occlusion 
of the Pulmonary Veins of One Lung, Surg. Gynec. Obst. 42:679, 1926; Col- 
lateral Circulation Following Chronic Obstruction of the Pulmonary Veins and 
Us Relation to Air Embolus Following Various Diagnostic and Therapeutic 
Pmccdures (Pneumolysis), ibid. 37:510, 1923; Fibrosis of the Lung Following 
-igation of the Pulmonary Artery: Combined with Phreuicotomy and with 
arUal Occlusion of the Pulmonary Veins, Arch. Surg. 6:358 (Jan.) 1923. 

51. Schlaepfer, K: Ligation of Pulmonary Artery of One Lung wdth and 
without Resection of the Phrenic Nerve, Arch. Surg. 9:25 (July) 1924; foot- 
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the diameter of the jnrlmonary artery is greater than on the side on 
which the operation has been performed. The hemorrhages in the 
alveoli of the lung that has been operated on gradually disappear, and 
an irregularly distributed fibrosis is noted. 

On the contrary, simultaneous ligation of the pulmonary arterj' and 
vein in dogs is well tolerated, the bronchial vessels being able to insure 
the nutrition of the lung. Smirnoff concluded that in cases of acci- 
dental injury of an important branch of the pulmonary vein in man, 
necessitating its ligation, it is far better to ligate the corresponding 
branch of the puhnonar}' artery as well. In dogs with simultaneous 
ligation of a lobar pulmonarj' artery and vein, the lung was found 
shrunken and airless in from five to seven weeks after operation. 
Microscopically, there was hypertrophy of connective tissue with 
atrophy or destruction of the resjn'ratory epithelium as in ligation of the 
arter}”^ alone. The nourishment of the lobe is assured by the bronchial 
vessels, Avhich through their anastomosis with the pulmonarj^ venous 
capillaries supply enough blood to the alveoli. There is a "reduced 
circulation” sufficient, however, to keep the atelectatic and inactive lung 
alive. 

Ligation of bronchial vessels is technically difficult because of their 
multiplicity of origin and anastomosis with the esophageal, mediastinal, 
pericardial and intercostal arteries (Bruns and Sauerbruch °'). Smir- 
noff ligated the bronchial vessels en masse on a bronchus. The 
animals withstood this operation well. No marked changes resulted 
in the lung. After thirty-two days the lobe was found to be little 
decreased in size, was aerated and floated readily in water. 

Combined ligation of bronchial vessels and corresponding branches 
of a pulmonary arterj' leads to gangrene of the lung. The same result 
is obtained by combined ligation of bronchial vessels and the correspond- 
ing branch of the pulmonary vein. 

The foregoing description of the physiology of the circulation of 
the lung, the relations between the pulmonary and bronchial systems and 
the absence of necrosis or hemorrhage in cases of occlusion of the 
pulmonarj" artery seen: in contradiction to the production of hemor- 
rhage which is the outstanding feature described in embolic obstruction 
of a branch of the pulmonary artery. This discrepancy is only 
apparent. As pointed out by Karsner and Ash:“^ “Hemorrhage is a 
secondary process ... it is found but rarely unless some coin- 

52. Bruns, O., and Sauerbruch, F. : Die kunstliche Erzeugung von Lungen- 
schrumpfung durcli Unterbindung von Asten der Pulmonarterie, Mitt. a. d. 
Grenzgeb. d. Chir. 23:343, 1911. 

53. Karsner, H. T., and Ash, J. E. ; Studies in Infarction, J. M. Research 
22:205, 1927. 
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plicating condition is present.” Grawitz« went so far as to deny the 
embolic origin of lung infarction, but the work of Fujinami/'’ Orth 
and of Zahu"' showed definitely the causative relation between 
embolism and an infarct. Zahn first drew attention to the fact that 
passive congestion increased the chances for infarction. Karsner and 
Ash came to the conclusion that simple bland embolism of the pul- 
monary artery produces circulatory changes in the lung area supplied, 
but not a true infarction, unless there is a previous passive congestion ; 
in the presence of an already existent embolism in the lobe, ligation of 
the pulmonary vein of that lobe leads to the formation of a true infarct. 


INNERVATION OF THE PULVIONARY VESSELS 

For the sake of completeness, we must consider here the question 
of innervation of the pulmonary vessels which is at present in an 
utterly confused state. As Cloetta remarked in 1914,“® “Notwith- 
standing the voluminous literature upon the subject we know nothing 
about the existence of vasomotors in the vessels of the lung.” The 
recording of pulmonary artery pressures is insufficient to solve the 
problem because of their wide variations due to the influence of lung 
movements on the lesser circulation. Tigerstedt ““ and Krogh ““ 
thought that vasoconstrictor fibers existed in the vagus. By electrical 
irritation of the vagus in a turtle, Krogh observed a decrease in 
the output from the pulmonary veins on the same side. These ‘obser- 
vations have not been verified. Later (1922), Krogh ““ admitted that 
“this question is still open.” Baehr and Pick,®® after much experi- 
mental work, concluded that none of the toxic substances that have 
a bronchoconstrictor or bronchodilator effect on the lung produces 
even the slightest modification in size of the lung vessels, ^^^eber,® 


54. Grawitz, P, ; Ueber die bcmorrhagiscben Jnfarkte der Lunge, Festschrift 
der Assistcn von R. Virchow, Berlin, 1891. 

55. Fujinami. A.: Beitrage zur Entstehung der hermorrhagischen Infarkte 
dcr Lnngc, Virchows Arch. f. path. Anat. 61:152, 1898. 

56. Orth, J.; Ueber cxperimcntelle Erzeuge der hemorrhagisclien Infarkte 
der Ltmgen, Verhandl. d. Gesellsch. deutsch. Naturf. u. Aerzte 69:7, 1897. 

5/. Zahn, F, W.: Ueber die Folgen des Emboiie Verschlusses der Lungen- 
artenen imd Pfortaderaste durch Emboiie, Verhandl. d. Gesellsch. deutsch. Naturf 
n. Aerzte 69:9, 1898. 

58. Cloetta (footnote 1, second reference). 

Liingenkreislauf, Skandin. Arch. f. Pliysiol. 

****«DV, iVU<5, 


60. Krogh (footnote 32, first reference). 

^'^Sulation of the Supply of Blood in the Right Side of 
the ilc,art, Skandin. Arch. f. Physiol. 27:227, 1912. 

62. Krogh (footnote 32, .second reference). 

P-' Ceitrage zur Pharmakologie der Lungenfe 
Arch. f. exper. Path. «. Pharmakol. 74:65. 1913. i-»ngenfe- 
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using an oncometer, concluded that vasoconstrictors were present. 
Cloetta and Anderes =« investigated the same subject in cats, rabbits 
and dogs anesthetized with urethane, paraldehyde, bromdiethylacetamid 
and ethei , in a few cases curare was given. The chest was opened 
the common bronchus of the left lung ligated and the right lung' 
placed in the plethysmograph. Oxygen under a constant pressure of 
2.5 cm. of water was given through a double tracheal cannula going 
to the bifurcation of the trachea. The pressures of the pulmonary 
artery, of the carotid and of the tracing of the plethysmograph, 
were recorded on the same drum. It is obvious that any slight .eleva- 
tion occurring simultaneously in the curves of the plethysmograph, 
the pulmonary artery and the carotid would indicate an increase in 
intrapulmonary blood flow due to increased pressure in the great cir- 
culation. This is exactly what happens on intravenous injection 
of epinephrine, which is without effect on the lung vessels (Cloetta 
and Anderes °®). 

However, using a substance related to histamine (B. imido- 
azolylethylamine), Cloetta'® claimed to have produced strong vaso- 
constriction of the pulmonary capillaries b3^ the intravenous injection 
of 1 mg. into the cat; this vasoconstriction is shown by the sudden 
rise in the pulmonary artery pressure, fall of the plethysmographic 
curve and an unchanged pressure in the carotid; this would seem to 
demonstrate the existence of vasoconstrictors. Dale and Laidlaw 
agreed with Cloetta; " but Weber,®' experimenting with the same sub- 
stance, noticed vasodilation of the lung vessels, and Baehr and Pick " 
observed no effect. Starling ®“ considered that the action of vaso- 
motor nerves is “of little importance and their very existence is ques- 
tioned by some observers . . . Changes in the calibre of the lung 

arterioles play under normal conditions, very little part in determining 
the pressure ; on the other hand, considerable changes in the pulmonary 
pressure are induced by altering the inflow into the right heart and 
thereby the velocity with which the blood must be propelled through 
the pulmonary artery and the carotid would indicate an increase in 
if any, are described as running in the anterior roots of the third, 
fourth and- fifth thoracic nerves. It is generally agreed that no vaso- 
motor nerves, of the lung are to be found in the vagi. Fontaine and 
Herrmann showed that in the dog, a unilateral section of the first four 

64. Dale, H. H., and Laidlaw, P. P.: B-Iminazolylethylamine, Action on the 
Pulmonary Vessels, J. Physiol. 41:325, 1910-1911. 

65. Weber, E. : Entgegnung auf die Abhandlung von M. Cloetta : “Besitzen 
die Lungen Vasomotoren ?” Arch. f. Anat. u. Pltysiol., Suppl., 1914, p. 532. 

66. Starling: Principles of Human Physiology, p. 855. 

67., Fontaine, R., and Herrmann, L. G. : Experimental Studies on Denervated 
Lungs, .A^rch. Surg. 16:1153 (June) 1928. 
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thoracic sympathetic ganglions, combined with removal of the ansa of 
Vieussens and the stellate ganglion together with the resection of that 
portion of the vagosympathetic trunk included in the middle cervical 
ganglion, does not cause any disturbance in the function of the lung 
which reacts to all forms of stimulation in the same way as the opposite 
lung. 

We have thus seen that the existence of vasomotor nerves to the 
lung vessels, either as extrinsic or intrinsic fibers, as well as the problem- 
atic question of their physiology, has so far not been proved. 

It is evident with how complicated a subject we are dealing, being, 
as it is, so closely connected with the physiology of circulation in the 
lung. Under these conditions it is obvious how hazardous it is to 
assign the pathogenesis of atelectasis to “reflex irritation,” “vasomotor 
reflex” or to “angioneurotic edema” as a number of authors still do. 
We have insisted on this point in previous papers. 

The physiologic and anatomic data already given will render easier 
the disentanglement of the complicated question of circulation in the 
atelectatic and pneumonic lung. 

CIRCULATION IN THE ATELECTATIC (APNEUMATIC) 

AND COLLAPSED LUNG 

The problem of the relation existing between respiration and blood 
flow in the lungs is as important as it is complicated. It is important 
because its exact knowledge will be of great help to the thoracic surgeon 
who by the mere opening of the thoracic cavity, with consequent collapse 
of the lung, produces great alterations in the lesser circulation which are 
still incompletely known factors in the operative results. Fully 75 per 
cent of the deaths resulting from thoracic operations are due to circu- 
latory troubles. The use of differential pressure ( Sauerbruch,® Fried- 
rich and Brauer, quoted by Sauerbruch), artificial pneumothorax, 
phrenicectomy, thoracoplasty, ligation of branches of the pulmonary 
artery or even respiration in hypopressure makes knowledge concern- 
ing their pl^siology necessary. 

The problem is complicated because other factors besides respiration 
exert their influence on the lesser circulation, as for example, the 
pressure on and output from the left side of the heart, the action of 
the negative intrapleural pressure on the big vessels and the heart, the 
changes in length of the pulmonary capillaries, the movements of the 
diaphragm, etc. 

Although the controvers}- started in 1855, there is not as yet to be 
found m the literature a definite answer to the question whether a col- 
lapsed and atelectatic lung contains more blood than the healthy one 
or even whether the blood flow is greater on expiration or on inspi- 
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lation We think it advisable to give an historical anal} sis, as complete 
as the scope of this work allows, of the previous rele\ant investigations 
Poiseuille appeals to he the first to have experimentally studied 
the question in his effort to discovci the leasons for the production of 
the successive lespiiatoiy movements, that is, inspiration and e\pi- 
lation He studied the capaciU of elastic capillar} tubes when their 
length was railed and found that if then length is increased their 
diametei and their capacit} deciease By injecting both collapsed and 
insufflated lungs with a gelatin mass, he found in microscopic sections 
that the capillaiies weie smallei m the insufflated than m the collapsed 
lobes In perfusing collapsed and insufflated lobes of the same lung, 
he noticed that a given volume of fluid jiassed through the collapsed 
lobes moie quickh (3 cc in one minute and twent} seconds) than 
through the model atel} insufflated ones (3 cc m one minute and fifty- 
nine seconds) , in the gieatl} distended lobes, the 3 cc required two 
minutes and nineteen seconds foi passing thioiigh In obseiving the 
circulation in the frog’s lung under the microscope, he found that the 
led cells cii dilated moie lapidly when the lung was collapsed than 
when It was insufflated Donders,®’ on measining the intrapiilinonar} 
pressuies, came to similar conclusions (1858-1859) These two 
authois beliercd that on inspiration the capillanes weie narrorred and 
that on expiiation they weie dilated, accoidmg to them, m the col- 
lapsed lung this dilatation was even moie maiked 

Quincke and Pfeiffei,'® Fiinke and Latschenbeigei,'^ Bowditsch 
and Gailand,'- among the eaily investigatoi s, accepted Poiseuille’s 
views On the contiary, Lichtheiiii,” d’Arsonval,"'* Zuntz,'® de Jager,"® 

68 Poiseuille Rcclicrches sur la respiration, Coinpt rend Acad d sc 
1071, 1855 

69 Donders I* C Wciterc Beitrage zur Phjsiologic der Respiration und 
Circulation, Ztschr f rationelle Med 4*241 1853, Beitrage zu Mechanismus der 
Respiration und Circulation in gesunden und kranken Zustande, ibid 3.289, 1853 

70 Quincke and Pfeiffer Ueber den Blutstrom in den Lungen, Arch f Anat 
u Ph\ siol , 1871 

71 Funke O , and Latsclienbergcr, J Ueber die Ursacben der respira- 
toriscber Blutdurck-Scbwaiikungen in Aorlensr stem Arch f d ges Phjsiol 
15:405, 1877 

72 Bouditscb, H P, and Garland, G M The Effect of the Respirator} 
iMovements on the Puhnonar} Circulation, J Phjsiol 2:91 1879 

73 Lichtlieim, L Die Storuiigeii des Lungen kreislaufs und ihr Einfiiiss auf 
den Blutdruck, Berlin, 1876 

74 D’'\rsoinal, A Recherches theoriques et e\perimentales sur le role de 
I’elasticite du poumons dans les phenomenes de la circulation. These de Pans, 

: a 

75 Zuntz, N Beitrage nir Kcntniss der Einrs irkungen der Atmuiig aut den 
Kreislauf, Arch f d ges Phisiol 17:374 1878 

76 De Jager, S Ueber den Blutstrom in den Lungen, Arch f d ges 
Phisiol 20:426, 1879 
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Heger” and Heger and Spehl arrived by different experimental 
methods at diametrically opposed conclusions; namely, that in the 
normally inflated lung the capillaries are dilated, that on expiraion and m 
the collapsed lung they are narrowed, and that for these reasons the 
blood flow in and the blood capacity of the lung are much greater in 
the expanded lung. Bernstein, ''' in stud3'ing the intrapleural nega- 
tive pressure in new-born children, found that the negative intra- 
pleural pressure which is absent in stillborn children can easily be 
produced b\’ the insufflation of the lungs, because the thorax after insuf- 
flation of the lungs does not come back to its previous position but 
remains somewhat expanded. Hermann explained this phenomenon 
liy the fact that after the insufflation or the first inspirations have over- 
come the resistance of the alveolar walls which are in contact, the 
alveoli do not completely collapse again, because at the same time the 
capillaries of the lung dilate, and the lung which in the fetal state 
received a very small amount of blood now absorbs the total content 
of the right ventricle. This change in the pulmonary circulation has 
as a result the gradual closing off of the two short cuts by which the 
right side of the heart communicated with the left side and the aorta, 
namely, the foramen ovale and the ductus arteriovenosus. We shall 
later return to this important point, the significance of which, we think, 
has not been sufficiently stressed. 

The studies on the disturbances caused by pneumothorax to the 
circulation and respiration, by Hnatek,®* Gilbert and Roger, Arnolds,®^ 
Aron,''^ Blumenthal,®'^ Keeps,'’® Lieven and especially by Sackur, 

77. Heger ; Recberches sur la circulation du sang dans les poumons, Brussells, 
1880 . 

78. Heger and Spehl : Recherges sur la fistulc pericardique, Arch, de biol., 
1881. 

79. Bernstein, J. ; Ueber die Entstehung der Aspiration des Brustkorbes bei der 
Geburt, Arch. {. d. ges. Physiol. 17:617, 1878. 

80. Hermann, L. : Ueber den atelectatischen Zustand der Lungen und dessen 
.•\nfhorcn bci Geburt. Arch. f. d. ges. Physiol. 20:365, 1879. 

81. Hnatek: Untersunchungen iiber die Stdrungen des Blutkreislaufs und der 
.•\tmnng bcim pneumothorax, Allg. Wien. med. Ztg., 1898, p. 267. 

82. Gilbert and Roger : Etude experimentale sur le pneumothorax et sur les 
rencxes d’originc pleurale. Rev. dc med., no. 233. Nov. 12, 1891, p. 122. 
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gave a new impetus to further experimental and clinical study. Inter- 
est was further aroused because of the advances accomplished by the 
pioneer thoracic surgeons, Quincke,®* Garre and Sultan,*® Reclus,®® 
Matas,®^ Tuffier and Hallion,®®, etc. 

In 1904, there appeared the epoch-making paper of Sauerbruch,® 
which marks the beginning of a new phase in the already lengthy dis- 
cussion of the question. Sauerbruch made a distinction between a lung 
compressed with, or collapsed without, pneumothorax. He believed 
that in the lung collapsed without open pneumothorax, where it is in 
“normal relation with the pleural cavity,” the cross-section of the 
capillary systems is decreased, so that in it “both respiration and circu- 
lation are impaired.” The lung of the other side undergoes a compen- 
satory distention because “the respiratory increase in the healthy lung, 
which regularly occurs, is accompanied by an increase in its capillary 
blood capacity ; more blood passes through it, so that notwithstanding 
the decrease in total respiratory surface, the sound lung can suffice for 
oxygenation of the blood.” He further maintained that in that case 
there is on inspiration an increase and on expiration a decrease in the 
blood flow. 

But in the collapsed and compressed lung with open pneumothorax, 
according to Sauerbruch, the circulatory conditions are different. “In 
unilateral pneumothorax,” he said, “more blood passes through the col- 
lapsed lung in a unit of time than before establishment of a pneumo- 
thorax.” He based this conclusion on the experimental observations 
of Poiseuille,®* Quincke and Pfeiffer,'^" and particularly of Sackur. The 
latter author, by analysis of the oxygen and carbon dioxide content of 
the blood from the carotids, before and after pneumothorax, had come 
to the conclusion that “because of the great dilation of the capillaries 
of the affected lung, much more blood passes through it than through 
the sound one, which explains c^^anosis and d 3 '-spnea.” This is in 
essence the “short circuit” theory. 

There seems, however, to be a contradiction here ; if collapse of the 
alveoli produces dilatation of the capillaries, how is it that in the healthy 
hyperdistended lung there is an increase of blood ? As it is of such crucial 
importance to establish whether Sauerbruch’s contentions are correct, 

88. Quincke, H. 1. : Ueber die Pneumotomie, Mitt. a. d. Grenzgeb. d. Med. u. 
Chir. 1:1, 1896. 

89. Garre, D., and Sultan, C. : Kritischer Bericht uber 20 Lungenoperationen, 
Beitr. z. klin. Chir. 32:492, 1901-1902. 

90. Reclus, P. : La chirurgie du poiimon, Rev. de chir. 15:871, 1895. 

91. Matas, R. : The Management of Acute Traumatic Pneumothorax, Ann. 
Surg. 29:409, 1899. 

92. Tuffier and Hallion : Operation intrathoraciques avec respiration artificielle 
par insufflation, Compt. rend. Soc. de biol. 48:951, 1896. 
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we must dwell on this point 3 'et a while. Sauerbruch claimed the blood 
flow' through the lung was dependent on four fundamental factors : 
(1) the strength of the right side of the heart, (2) the difference 
between the pulmonary artery and pulmonary vein pressures, (3) the 
intrapulmonary pressure and (4) the changes in the diameter of the 
capillaries following the changes in the volume of the lung. Assuming 
that the strength of the right side of the heart is constant, with each 
inspiratory phase there will be an increase in'the negative pressure and 
suction on the thin-walled pulmonary veins and accordingly an increase 
of the difference in pressures between the pulmonary arteries and veins, 
as well as a decrease in pressure of the intrapulmonary air ; conse- 
quently, there will be an expansion of the lung vessels with an increase 
in their diameter and capacity and an increased blood flow through the 
lungs. Furthermore, increased negative intrapleural pressure and the 
suction thus exerted on the big intrathoracic vessels (on the thin-rvalled 
veins much more than on the arteries) will have as a direct result an 
increase in the blood flow from the peripheral veins to the right side 
of the heart, so that during inspiration the heart will receive more 
blood in diastole and send more blood in systole than during expiration, 
finder other conditions, as, for example, on expiration, less blood will 
come to the right side of the heart and less will leave the left side. 
Sauerbruch gave the mechanism described and concluded : “The result 
of these continued causes on inspiration is an increased blood flow in the 
lungs.’’ 


During expiration, several factors contribute to give an opposite 
effect. These are, according to Sauerbruch, the decrease of the nega- 
tive intrapleural pressure, the decrease of differential pressure between 
the pulmonary arteries and the veins, the contraction and decrease in 
the size of the lung capillaries and, as a result, a decreased flow of 
blood through the lung. 


It is peculiar how, after the foregoing concepts, Sauerbruch ^ added 
that “in open pneumothorax an equalization occurs in the pressures 
exerted inside and outside of the lung, which wall have as a result; 
the further decrease in the difference of pressures between pulmonary 
arteries and veins, and further that the lung capillaries will be under 
a steady and unchanging pressure of one atmosphere, and so they will 
le increased in size in such a way that in open pneumothorax more 
>lood will pass through the collapsed lung than before the establish- 
ment of the pneumothorax, and even more than through the sound 
Such a contention is peculiar, because if, as in expiration, the 
cercase in difference between intrapulmonary and intrapleural pres- 
sures produces a decrease in the flow of the blood through the lung 
low can the still further decrease in this difference (in pneumothorax) 
1 ! 0 ( nee an opposite effect, namely, an increase in the blood flow? 
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The d^'spnea in unilateral jineuniothorax would be due, according to 
Saueibruch, to the greater part of the hlood circulating through the 
unaerated channels of the collapsed lung and going back to the left 
side of the heart nonoxygenated. Against Sauerbruch’s theory, a great 
number of arguments can he gathered from his own papers On measur- 
ing the respiratory air j^cr minute in rabbits before and after unilateral . 
ojren pneumothorax, he found that after a first period of adjustment in 
which the number of respiratory movements is increased, the respirations 
come hack to a normal rate with the difference that they become deeper, 
exactly as after section of one or both vagi. We give here a few of his 
experimental results (page 413). 


1 Rabbit 2,100 Gm Tmmcdlatoly after Pnetiniothorn\ 

I Voliiine of Air per Minute Number of Respirations 

f— II . _!.• . „ _A,_ I I . , ^ t ~ * I ^ . — I 

Nonnnl 3. jincnmotliornx Normal 1 pneumothorax 

•ISO 530 3S 74 


2 Rabbit 2,400 Gm 


Ton Minutes after Pncuinotl ora\ 


2d phase 


Volume of Air per Minute 


Number of Respirations 


Nonnal 

4C0 


1 pneuinothonix 
470 


Normal 

O-l 


1 pneumothorax 
4S 


Tlie same effects occur if the vagi are sectioned, and Sauerbruch 
expressed the Ijelief (jJage 416) that “the stimulation from the lung to 
the respiratory centre fails in pneumothorax because of the inactivity 
of the collapsed lung, as also in vagotomy because of the interruption 
of the nervous connections." We believe it is clear that if the cause of 
the dyspnea is the increase in carbon dioxide content of the blood, 
dyspnea should not cease after from two to ten minutes. That dyspnea 
does disappear would indicate rather that there is no longer an 
increased carbon dioxide content of blood, which can occur only 
if the blood is completel}' diverted from the collapsed lung to 
the sound one. Another fact against Sanerhruch’s views is the 
remark he made (page 418) that if after the establishment of a 
mild open pneumotliorax one artificially inflates the collapsed lung and 
clamps the bronchus, the dyspnea ceases immediately. The explanation 
Sauerburch gave for this phenomenon is that “all other conditions 
remaining the same as in open pneumothorax, except the change in 
volume of the lung, we must admit that the decrease in size is the cause 
of dyspnea," and “this decrease in size produces the d 3 'spnea by the 
dilation of the capillaries.” We caimot agree with this last statement 
because in both cases — open pneumothorax with patent or clamped 
bronchus — the lung is unaeratecl and the causes of nonox)'genation of 
the circulating blood are the same (assuming that the blood vessels ivere 
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not clamped with the bronchi). We think it is apparent that the 
absence of dyspnea in the experiment with inflated lung and clamped 
bronchus is due to the fact that there is no sudden collapse and sudden 
extra burden thrown on the right side of the heart, as occurs in sud- 
den suppression of the circulation in the collapsed lung. The cause of 
this teniporar}'^ d 3 "Spnea is to be sought for particularly in the distur- 
bance of the heart. 

We do not believe that Sauerbruch is correct in his conception. It 
would seem that he was forced to it because he considered as definitely 
proved the conclusions of Poiseuille, Quincke and Pfeiffer, etc., concern- 
ing the dilatation of capillaries in the collapsed lung. He was especialh' 
influenced by the work of Sackur, who found that in open pneu- 
mothorax the arterial blood contained more carbon dioxide and less 
oxygen than before. It should be mentioned here that Sauerbruch 
himself later modified (1926) his conception and admitted that his 
former views were not bej'ond debate. 

In our opinion, the capillaries in the collapsed and atelectatic lung 
are collapsed proportionately to the shrinkage of the lung with a conse- 
quent and proportionate impairment of circulation through the lung. 

Cloetta and his collaborators upheld Sackur in his views. Cloetta 
performed a series of brilliant experiments with the plethysmograph 
that he invented for the purpose, and came to the following conclusions 
(1911)-. 

The study of the plethysmograpiiic pulsations of the lung, of the changes of 
pressure in the carotid, of the pulsations of the right ventricle, of the chemical 
analysis of tlie blood and of microscopic sections of inflated and collapsed lung, 
leads to the conclusion that tiie hematosis of the lung is better on e.xpiration than 
on inspiration. 


In a more recent paper. Cloetta and Anderes “determined with 
the greatest possible accuracy the changes in the hmg circulation by 
recording at the same time plethysmograms of the lung and the pres- 
sures m the carotid and pulmonary arteries, in a completely closed gas 
.system.’ In this paper, Cloetta concluded that “the circulation is incom- 
pniably Ijetter in the collapsed lung than in the health}’ lung,” 

The opposite point of view is upheld by Bruns.^ In a remarkable 
paper, he exhausted the subject of circulation in the collapsed and 
atelectatic lung and gave a thorough discussion of the work of Cloetta, 
"hose conclusions he does not accept. Bruns ^ said; 


a the hreathhig and normally distended lung, the volume and flow of blood 
are proportionate to the degree of e.xpansion of this organ ; ... In the col- 
apset unjr, the more pronounced the degree of airlessncss, the smaller is the 

0^11,, 'p velocity— and this independently of the cause and mechanism 

L collapse (or atelectasis} of the lung. 
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According to Bruns/ the foregoing conclusions hold for every kind 
of atelectasis (obstruction of a bronchus, fluid or air in the pleural 
cavity, or even chronic retraction of the lung). In a general way, he 
concluded, hematosis is far better on inspiration than on expiration. 

If Poiseuille,"® Quincke and Pfeiffer,™ and Funke and Latschen- 
berger ” came to opposite conclusions, this was due to the fact that 
they used to inflate the lung extracted from the chest with air intro- 
duced through the trachea. It is known that the blood pressure in the 
pulmonary vessels is very low, owing to the small resistance offered by 
the lung capillaries. According to Sauerbruch,^'' it is only from 20 to 
30 mm. of mercury, so that in the lung out of the chest, with intra- 
pleural negative pressure removed, it is easy to understand that a 
combination of atmospheric pressure from without and intrapulinonary 
insufflation from within can compress the capillaries. 

Other experimenters tried to study the capacity of the lung capil- 
laries during inspiratory distention and expiratory deflation bj^ the 
modifications observed in the systemic blood pressure and the pulse. 
Unfortunately, a great number of conflicting factors, already enumer- 
ated, render the results thus obtained unreliable. Bruns used a direct 
method in his determinations of the respective blood capacities of the 
sound and collapsed lungs. He determined colorimetrically the amount 
of blood contained in the respective lobes and found that the volume of 
blood in the collapsed lung is regularly smaller, and that this decrease 
in volume is proportionate to the degree of airlessness of the collapsed 
lung. Other important points to be determined were : ( 1 ) the volume 
of the blood circulating through the lung vessels during inspiration 
(with chest intact) but with the heart not subjected to the intrapleural 
negative pressure; (2) the blood velocity during normal expansion of 
the lung, with heart and big vessels subjected to the action of the nega- 
tive intrapleural pressure; (3) the blood velocity in the verj' expanded 
lung, the body of the animal being subjected in a closed space to hypo- 
pressure ( — 20 to — 30 cm. of w'ater) ; (4) the velocity of the blood 
with normal expansion of the lung but under intrapleural hypopressure ; 
(5) the velocity with one lung collapsed, and (6) the velocity with both 
lungs collapsed. 

Bruns answered these questions by skilfully conducted experiments 
on rabbits. Three-hundredths gram of hirudin was injected by vein, 
the second, third and fourth ribs were resected close to the sternum 
and the anterior mediastinum was opened ; this can be done in the rabbit 
without opening the pleural cavities. The heart was displaced out of 
the chest. A cannula was placed in the trachea and the animal killed 
by a blow on the neck. Another cannula was rapidly inserted into the 
origin of the pulmonarj' artery, and another in the left ventricle, 
avoiding the' entrance of air. The heart was returned to the pericardial 
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sac again and the animal placed in an airtight box. The three cannulas, 
tracheal, pulmonary artery and cardiac, were connected to tubes pass- 
ing through the walls of the box. The cannula of the pulmonary artery 
was connected with a bottle containing defibrinated rabbit’s blood placed 
30 cm. above the level of the animal’s chest. The results can be sum- 
marized as follows; In overdistention of the thorax by extrathoracic 
hypopressure of --30 cm. of water, neither narrowing of the lung 
capillaries occurs nor an increase in the blood flow through the lungs. 
On the contrary, by lowering the intrapulmonary pressure the amount 
of blood circulating through the lungs is markedly increased. These 
conclusions are in opposition to Cloetta and Anderes’ observations. 

Bruns = objected to Cloetta’s interpretation of his pulse curves 
obtained for the lung (collapsed and inflated) enclosed in the plethys- 
mograph. Cloetta®^ found that the pulsations of the collapsed lung 
were much stronger than those of the inflated lung. He explained that by 
the greater possibility of the blood vessels in the collapsed lung to 
straighten out from their more or less crooked and tortuous state, 
whereas in the inflated lung the vessels were already straight and so 
less apt to have their configuration influenced by the pulse waves. To 
Cloetta,®® this was an indirect proof that the vessels were elongated in 
the inflated lung; he concluded that because of this the blood flow 
through it was decreased. We have previously seen that elongation of 
the vessels does not necessarily decrease their capacity. Moreover, 
Bruns ® has shown that the height of the pulsations in Qoetta’s experi- 
ment does not depend on the volume of blood flow, but principally on 
the concomitant degree of tension within the lung tissue. In order to 
prove this, Bruns used a special closed glass cylinder containing a thin 
rubber tube. The pressure within the glass cylinder could be varied, 
and through the tube a suction and pressure pump sent in with each 
movement of the plunger exactly the same amount of water; these 
pulsations” of the tube were recorded on a kymograph by varying 
the pressure exerted on the rubber tube from — 10 cm. to -j- 2 cm. of 
water. Bruns ® obtained a decrease in the magnitude of pulsation on 
hypopressure, and an increase on hyperpressure. Bruns ® thus con- 
tended that the magnitude of plethysmographic pulsations is not closely 
related to or dependent on the blood flow but is proportional to the 
degree of distention of the lung tissue ; and in this conception Tendeloo 
concurred. 


Alathes and his collaborators found that when water was cir- 
culating in a thin rubber tube, the pressure required to compress the 

93. Cloetta (footnote 1, first reference). 

I t ^lathes, M. , Quenstedt ; Gottstein, and Dahm : Einige Beobachtungen zur 
1906-1907"’ Peripherie, Deutsches Arch. f. klin. Med. 89:381, 
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tube and stop the flow was proportionate to the velocity of the cur- 
rent within it. The conclusion to he drawn from these two experiments 
is that the magnitude of pulsation of a lung enclosed in a plethysmo- 
graph varies according to the internal and external pressures exerted 
on the walls of the vessels. With inspiratory enlargement of the lung, 
the volume variations of the vessels and the amplitude of the tracings 
decrease, whereas the Wood flow increases; this is so because of the 
concomitant dilatation of the vessels and the action of the pulmonary 
elastic tissue surrounding the vessels, which is stretched on inspiration. 
To state this in another way, the increased blood velocity, by causing 
a rise in the pressure exerted on the vessels from within, diminishes 
their oscillatory capacity. From the size of the pulse wave as recorded 
in a pleth 3 ’smograph tracing, no accurate conclusions can be drawn con- 
cerning either performance of the heart or volume of the blood flow 
through the lung. Only the rise or fall of the plethj'smographic curve 
as a whole can give us some information as to the blood volume of the 
lung. This curve rises on inspirator}’ inflation of the lung and falls on 
expiratory collapse, indicating that Cloetta’s views are incorrect. 

To the impartial observer, Bruns ^ said it seems altogether inex- 
plicable why precisely at the moment the lung is inflated so as to contain 
the maximum amount of oxygen the blood flow through the ves- 
sels should be reduced to a minimum, and conversely, be increased 
when the lung contains a minimum of oxygen. What then, would be 
the reason for supplementary inflation of the lung when the other is 
collapsed, resected or plugged, and how could the regulation of oxygen 
and absorption of carbon dioxide remain so constant? The results of 
Bruns ° corroborate the observations of de Jager and correspond to 
tbe figures given by Heger and Spehl,'® who found that at the height 
of inspiration the lungs contain one twelfth of the total volume of 
blood, whereas at the end of expiration they contain only one eighteenth 
of the total volume. 

Straub,®” using the heart-lung preparation of Starling, tried to 
determine: (1) the relation of the blood pressures at different points 
of the circulatory system by graphs taken simultaneously of the right 
auricle, the right ventricle, the pulmonary artery, the left auricle, the 
left ventricle and the aorta; (2) the volume of blood flowing through 
a definite cross-section of a vessel in a unit of time; (3) the degree of 
dilatation of the alveoli, the internal pressure exerted on their inner sur- 
face and the pressure on their pleural surface, and (4) the degree of 

95. De Jager, S . : Die Lungencirculatioii und der arteriehe Blutdriick, Arch, 
f. d. ges. Physiol. 27:152, 1881 ; footnote 76. 

96. Straub, H. : Uebgr die kleine Kreislauf. Der Einfluss des grossen 
Kreislaufs auf das Blutgehalt der Lungen, Arch. f. klin. l\Ied. 121:394, 1916. 
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The second variety of passive alteration would be due to a rise in the 
arterial pressure accompanied by increase in venous pressure and 
increased output of right ventricle. 

The active alterations are due to contraction of the lung vessels 
themselves. Moreover, it is possible that the right side of the heart 
could increase or decrease its activity independently of the left. It can, 
for example, contract more vigorously and so produce an active dilata- 
tion of blood vessels. In both cases an increase in the content of the 
blood vessels will follow. It is possible to distinguish one form from 
fhe other with certainty, for when the filling of the lung vessels is due 
to a rise in aortic pressure, the pressure will rise in the pulmonary 
artery also, whereas in the case of active dilatation of intrapulmonary 
vessels the pressure in the pulmonary artery will fall. Krogh“ 
expressed the belief that there ma}’ even be a third form in the passive 
alteration of the blood volume in the lungs : 

By a rise in venous pressure, the output of the right heart will rise also and 
the blood stream through the lungs will be increased. Such an increase may 
raise the pressure in the pulmonary artery very slightly, but there can be no 
doubt that it must raise it and will cause distention of the pulmonary capillaries 
and veins. Under these circumstances it is absolutely impossible to distinguish 
between active and passive distension of the pulmonary vessels, e.xcept by simulta- 
neous pressure records. 

Krogh”^ criticized Weber for failing to record the pressures in the 
pulmonary artery, and for his assumption that “they present only very 
slight variations” ; he concluded that the large number of volume varia- 
tions recorded by W eber as due to nervous stimulation and various 
drugs does not prove anything. 

The possible compression exerted on the capillaries of the lung by 
intrapulmonary air is discussed by Propping “ who remarked that the 
changes in intrapulmonary pressure when the glottis is open during 
inspiratory and expiratory phases are very slight, from -f-0.1 mm. of 
mercury to — 0.1 mm. of mercury, according to the figures of Donders."’ 
However,^^ on forced expiration with the glottis closed after a forced 
inspiration (Muller’s test), or on forcing the inspiration with glottis 
closed after a forced expiration (Valsalva’s test^“®), the intrapulmonary 
pressure may show wide variations; but these variations are of short 
duration and exert no serious influence on the capillary circulation of 
the lungs. In discussing the circulation in the consolidated (pneu- 
monic) lung, we will have to deal with this question again. 

Among recent authors the consensus is in favor of the view of a 
decreased circulation in the atelectatic lung. The suppression of the 

99. AVeber (footnote 3, first reference). 

100. Valsalva, A. M. : Opera, Venice, 1740. 
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circulation in a considerable portion of parenchyma of the lung is 
rapidly compensated for by the increased circulation m the intact lung. 
Heuer and Andrus showed that after removal of one lung, or even 
of one lung of one side and one lobe of the other, there occurs, within 
a few hours, a shifting of the heart, retraction of the chest and elevation 
of the diaphragm of the corresponding side. The remaining lung fills 
the thorax completely in from four to six weeks. They followed and 
measured this enlargement of the remaining lobes under the fluoroscope. 
The capacity of the lung to dilate is great and indicates the tremendous 
normal reserve of respiratory surface available. Moreover, within a 
few hours after operation the animal was not dyspneic. Alveolar air 
(collected by rebreathing into a bag) and blood specimens were taken 
immediately ; they were taken again in twenty-four hours, in three and 
five days after operation and thereafter at regular intervals of from sev- 
eral davs to one month. The immediate effects were a rise in alveolar 
carbon dioxide and a fall in oxygen. These alveolar changes were 
coexistent with a temporary rise in carbon dioxide content of the blood, 
a marked fall in oxygen, and a rise in oxygen unsaturation. There was 
a compensatory marked rise in hemoglobin content of the blood and 
therefore of its o.xygen-carrying capacity. These alterations of the 
alveolar air and blood carbon dioxide and oxygen content were only 
temporary. They were less marked twenty-four hours after operation 
and were back to almost normal percentages by the fifteenth day. An 
important observation was the compensatory increase in hemoglobin 
(15 per cent), and in the number of red cells (from 1,000,000 to 
5 . 000 . 000 ). 

In a more recent paper, Andrus stated that collapse of the left 
lung liy ligation of the primary bronchus produces the following 
immediate results : At first there is a decrease of about 42 per cent in 
total volume of the lung, this decrease corresponding to that following 
pneumectomy. The collapsed lung still contains about 30 per cent of 
the total cardiac output. These two factors cause a 30 per cent reduc- 
tion in the carbon dioxide of the expired air, an increase in the 
carbon dioxide content of the arterial and venous blood and a decrease 
of ?.3 per cent jiy volume (30 per cent) in arterial oxygen content. To 
ofiset these deleterious effects, simultaneous changes of a compensaton,- 
naturc occur. The respiratory volume per minute and respiratory rate 
are increased by aliout 20 per cent. The pulse rate is increased by 
about 14 per cent with a corresjxmding increase in the total cardiac 


un. Heuer, G. J.. and .\ndn.s \V. de W.: The Alveolar and Blood Changes 
1 ol Imvine Pncnmcctoniy, Bull. Johns Hopkins Hosp. 33:130, 1922. ^ 

.\ndr«s \y. de W.: Observations on the Cardiorespiratorv Phvsiologr- 
(.In.u”l025 S«rg.' 10:306 
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output, and the circulation tl^rough the aerated king is increased 60 
per cent by volume per minute. Lastl}^ within twenty-four hours there 
is a marked increase in red cell count and the ox}'gen-carrying capacity 
of the blood. The blood carbon dioxide, the carbon dioxide output and 
the pulse rate, cardiac output and respiratory volume rate per minute 
return to their preoperative values about fourteen da3's after operation. 
The oxygen content of the blood remains below normal for about thirty 
daj's, while the volume per minute for the right lung remains per- 
manentlj' elevated. The left lung becomes completely atelectatic within 
three days after operation — its blood content gradually diminishes to 
onl}' 8 per cent of the total cardiac output thirty-one days after collapse 
is established. 

Two points from this paper are of particular interest: 

(1) The gradual decrease in circulation in the collapsed lung; as it 
becomes airless the curve of decrease in the circulation through it fol- 
lows closely the absorption of air for thirty-one hours. The pulmonary 
blood content falls from 100 to 60 per cent in the first half hour, to 50 
per cent by the first hour, to 40 per cent by the fourteenth hour and to 
15 per cent by the thirty-first hour. It was 8 per cent by the thirty- 
first day. 

(2) The immediate increase Ity 60 per cent by volume per minute 
of the respiratory air. These two facts show clearly the relation 
between aeration and circulation in the lung, and definitely rule out the 
view of an increased circulation through the collapsed and atelectatic 
lung. 

It is interesting to note the similarity between the changes following 
bronchial obstruction and ligation of a branch of the pulmonary artery. 
In both instances, collapse and then atelectasis of the corresponding 
lung occur (Bruns and Sauerbruch,®" Sauerbruch,=’= Kawamura,^’' 
Meyer, Schumacher,”^ Schlaepfer,”= ScarflF”“). Meakins and 
Davies,”' in their book on “Respiratory Function in Disease,” 
remarked (page 26) that “if for any reason the air sacs become com- 
pletely cut off from the inspired air the gases in them will not be renewed 
and will eventually be completely absorbed, while the blood supply by the 
pulmonary artery to the collapsed area will become practically nil.” 

103. Meyer, W. : The Surgery of the Pulmonary Artery, Ann. Surg. 32:189, 
1913. 

104. Schumacher, E. D. : Die Unterbindung von Pulmonarterienasten zur 
Erzeugung von Lungenschrumpfung, Arch. f. klin. Chir. 95:536, 1911. 

105. Schlaepfer (footnotes 44 and 50). 

106. Scarff, J. E. : Pulmonary Blood Pressures, Arch. Surg. 12:591 (Feb.) 
1926. 

107. Meakins, J. C, and Davies, H. W.: Respiratory Function in Disease, 
Edinburgh, Oliver & Boyd, 1925, p. 26. 
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Sciilaepfcr gave a clear demonstration of these facts by detailed 
experiments on rabbits and dogs. In both, dyspnea follows ligation of 
a big branch of the pulmonary artery, but this rapidly disappears, this 
<lyspnea. which may or may not be accompanied by cyanosis, is more 
marked in a mechanical obstruction or ligation of a bronchus (Licht- 
heim,^°« Corydlos and Birnbaum,>«» etc.); its cause is possibly a reflex 
transmitted thorugh the vagus. The circulatory changes in the lessei 
circulation are analogous. We quote the figures of Scarf? . 

Tlie mcrc.asc in the svstolic pressure in the main pulmonary artery of a dog 
after ligation of tlie left pnhnonar)' artery, varies from 30 to SO per cent Ihe 
pulse pressure varies from 35 to 100 per cent. This increase in both systolic and 
pulse pressures persists for a number of days but eventually returns to normal. 
The time required is hetwccii se\en and twenty-one days, fourteen days being 
the nxerage time The adjustment of the pulmonary blood pressure levels after 
ligation of the left pulmonary artcrj parallels very closely the physicochemical 
■idjustincin in the blood stream. 

.\t autopsy are to lie found, besides atelectasis of the corresponding 
parench\-ma of the lung, a “somewhat abnormally thickened right 
ventricular wall and a difference in the weight ratio between the right 
and the left ventricle." 

Yates stressed the close cooperation between the respiratory and 
circulatory apparatus m maintaining a normal vital capacity; 

Deliveries of blood through bronchial arteries and through pulmonary arteries 
arc controlled by the functional activities of the lungs, which arc proportionate 
to lita! capacities. . . . Wlicn the air cells are inflated the capillaries are 
elongated and as they carry the air cell w'alls with them, inflation is increased. 
Tlicsc activities and reactions also take place in reverse order. 


In order to explain this, Yates"® cited the notion of an air-cell- 
capillary gear introduced by E. K. Dunham. We agree with Yates on 
the revcr.sibility of the respiratory-circulatory mechanism. However, 
we do not very well sec the necessity for further complicating the 
question by a consideration of an air-cell-capillary gear. Decrease in 
respiratory function of tlie hiiig, from whatever cause, produces an 
oxygen want, an increa.se in tiic amount of carbon dioxide in the blood 
and stimulation of the re.spiratory center; it increases the amplitude of 
respiratory movements by throwing into action the accessory respiratory 
mnscles. The insjiiratory capacity of the thoracic cavity is increased. 
T his in turn raises the negative intrathoracic pressure and consequently 
favors the expansion of the alveoli. Under these conditions more Wood 


lOi' Lichtlieiin, !. : 
10:5-1. Ig/O. 


Lungenatclcktasc. .-kreh. f. exper. Path. u. Pliarmakol. 


_ 109 Con Hoi. P. X, am! Ilirnbaum, G. L.: 
oi the l.tmg, .\rch. Siirg. 1G:.S01 (Feb) 1928. 
110 (footnote 7, fir-.l reference). 


Obstructive Massive .Atelectasis 
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will be brought to the capillaries, because of increased blood flow to the 
right side of the heart (suction action of increased negative pressure 
on the big veins), for as de Jager'’® has shown, a negative pressure 
acts more readily on the thin-walled pulmonary veins than on the 
pulmonary artery. Conversely, circulatory disturbances of the lung, 
from whatever cause (heart disease, h3'pertension. etc.)', will again 
produce an increase of carbon dioxide, and the phenomena previously 
cited will be repeated. Furthermore, the production of atelectasis of 
the lung (without any procedure on the vessels), which limits the 
respirator}' field of the affected portion of the lung, will be followed by 
a decrease in the amount of l)Iood flow in that portion. Conversely, 
ligation of the pulmonar}’ artery, without anj' jwocedure on the bronchial 
vessels of the corresponding portion of the lung, will produce a pro- 
gressive decrease in the respiration and finalh' complete apneumatosis 
of the lobe. 

In discussing the paper of Yates on “Vital Capacity in Intrathoracic 
Surgery,” Graham mentioned his ex]ieriments with Davis and the 
work of Chilingworth and Hopkins,”" which are not in agreement 
with our views. We do not believe that the conclusions of these authors 
are undebatablc. In the e.xperiment of Davis and Graham, “immedi- 
ately after death from ether the chest was opened and the lower lobe 
of each lung was removed. One of the principal blood vessels to the 
lobe was injected with physiological sodium chloride solution. A tight 
ligature u'as then placed around the hilum of the lobe including both 
the vessels and the Ijronchus, and the lobe was quickh' immersed in 
10 per cent formalin. In cverj^ instance the alveoli of the lobe whose 
capillaries were distended, were much smaller than those of the other 
lung.” It is obvious that if fluid is injected into the vessels of a 
collapsed lung there will be produced a dilatation of the capillaries 
which offer but little resistance, and the capillaries will encroach on 
the alveolar space. In exactly the same way, with a lung removed from 
the chest, if the lung is insufflated under similar conditions there is 
encroachment on the capillaries. It was for this reason that 
PoiseuilJe,“® Quincke and PfeiflFer, and Sackur and Sauerbruch ■ 
found that the circulation was increased in the atelectatic lung and 

111. Davis, H. J., and Graham, E. A.: The Effect of Capillary Distension 
upon the Size of the Alveoli, to be published: quoted by Lilienthal, H. : Thoracic 
Surgery, Philadelphia, W. B. Saunders Company, 1920, vol. 1, p. 104. 

112. Chilingworth, F. P., and Hopkins, R. : Physiologic Changes Produced 
by Variation in Lung Distension : II. Efficiency of the Pulmonary Circulation in 
Overcoming Obstruction, Am. J. Physiol. 51:289, 1920. 

113. Sackur: Zur Lehre vom Pneumothorax, Ztschr. f. klin. Med. 29:25, 
1896; Weiteres zur Lehre vom Pneumothorax, Virchows Arch. f. path. Anat. 
150:151, 1897. 
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decreased in the inflated lung. On the contrary, Underhill had 
noticed a permanent dilatation in the capillaries of the intact lung, and 
he considered that this is due. partly at least, to the expansion of the 
alveoli in that lung. Experimentally, von Basch showed that a 
system of rubber tubes wound as a slightly oblique coil about a collapsed 
rubber bag brought it back to expansion when the tubes were filled 
with water. When more water was put into the tubes they became 
further dilated and distended, and the bag expanded more and more ; 
a condition similar to emphysema resulted. These observations obU- 
ously are in opposition to those of Davis and Graham.^^^ Furthermore, 
if their interpretation were correct, then in ligation of the pulmonary 
artery (without ligation of the vein) expansion and not collapse of 
the corresponding lung would occur; for if increase in volume of the 
pulmonary capillaries produces shrinkage of the alveoli, a decrease in 
their volume should produce distention of the alveoli. Had these 
authors modified their experiment, this time placing the lung in a 
closed liell jar under a pressure of from — 7 to — 10 mm. of mercur}', 
and then injected physiologic solution of sodium chloride under a 
pressure of -f 14 mm. of mercury, fixation of the lung in formaldehyde 
certainly would not have revealed an increase in size of the alveoli. 
With these precautions, approximately normal conditions would have 
been reproduced. The same reasoning applies to the work of Chiling- 
worth and Hopkins.'” 

More recently, Blumgardt and Weiss”® have studied the velocity 
of blood flow in normal aird pathologic conditions by an ingenious 
method. It consists in injecting into the antecubital vein an active 
deposit of radium and detecting its arrival in the other arm or in the 
heart by a modified C. T. R, Wilson closed chamber device. In pul- 
monary emphysema, where the alveoli are obviously overinflated, and 
where, according to Davis."' Chilingworth.''= and others, the capil- 
laries should be contracted and blood flow into the lung decreased, 
Blumgardt and Weiss found the opposite to be the case ; 


Observations recorded demonstrate that even severe chronic pulmonary 
emphysema does not necessarily obstruct the blood flow sufficiently to interfere 
with normal velocity of blood flow through the lungs. On the contrary, the 
velocity is often increased. This increase may be an effort on the part of the 


114. Underbill, S. W. F.: An Investigation into the Circulation Through the 
Lungs, Brit. M. J. 2:779 (Xov. 12) 1921. 

1 la. Yon Basch: Klinische und expcrimentelle Studicn aus dem Laboratorium 
Irof. Von Basch, Berlin 1:171, 1891. 

116. Bh.„,gardt f. and Weiss. S.: Studies on the Velocity of the Blood 

uT • ^'7^ l^tihzed. J. Qin. Investigation 4:1, 192/; Studies on the 

\elocny of the Blood Flow in Emphysema, ibid, 4:555, 1927. 
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circulatory system to compensate for deficient ventilation, in whicli case it would 
be another expression of the close interrelation between the cardiovascular and 
ventilatory systems. 

As Brims " has cleinonstrateci, an extrathoracic hypopressure of 
30 cm. of water has no effect on the circulation. He said it is possible 
(page 482 ) that a strong negative extrathoracic pressure could stretch 
some peripheral capillaries beyond the point of elasticity, as Tendeloo 
has shown, and bring about their narrowing. At the same time it would 
induce an inflation of alveoli which till then were in reserve, and the 
final result would be an increase in velocity and blood flow in the 
intrapulmonary circulation. In these experiments, however, one should 
remember that a strong hypopressure acts not only on the lungs but 
also on the heart and th.e sv'stemic veins; this well known action 
suffices to explain the result obtained by Chilingworth and Hopkins.”" 
Churchill and Agassiz and Churchill agreed on the interrelation 
between respiration and pulmonarv' circulation; 

A portion of lung tissue may expand with an increased volume of both blood 
and air encroaching upon adjacent areas of the lung, or, with a fle.xible medias- 
finum, the volume of an entire lung may become augmented, at the expense of the 
other side (Churchill and Agassiz”')- 

It appears, therefore, that the lung by virtue of the altered dynamics of the 
pulmonary circuit which attends an increased rate of blood flow, is able to 
increase the effectiveness of its diffusable surface. This mechanism in turn helps 
to satisfy the increased oxygen demand usually associated with physiological 
increase in blood flow (Churchill”"). 

An interesting exposition of this conce])tion is given by Franz 
Torek:® 

All matter is subject to certain physical laws and the lung is no exception. 
If pressure is exerted on any part of the body, for instance on the skin, there 
will be less blood in it. If suction is applied, the pressure thereby being dimin' 
ished, the result will be more blood under the area so treated. . . . If the 
collapsed lung is brought into a negative pressure chamber, so that it will conform 
to the normal dimensions, there is an e.xact counterpart of the skin area men- 
tioned before as being under the influence of suction. By thus diminishing the 
pressure on the outer surface of the lung, a greater amount of blood must infal- 
libly be drawn into the organ. In the normal thora.x, this condition of diminished 
pressure, the negative pressure on the outside of the lung, constantly exists; 
nature establishes it so that a maximum amount of blood may be sent to the 

117. Tendeloo, N. P.: Lungengedehnung unci Lungenemphysenieii, Ergebn. d. 
inn. Med. u. Kinderh. 6:1, 1910. 

118. Churchill, E. D., and Agassiz, A.; A J\Icthod of Separating the Air 
Breathed by the Right and Left Lungs Together with the Effect of Pulmonary 
Circulatory Changes on the Divided Breathing, Am. J. Physiol. 76:6, 1926. 

119. Churchill, E. D.: The Effect of Increased Blood Flow on the Ratio 
Between Oxygen Consumption and Pulmonary Ventilation, Am. J. Physiol. 86; 
274, 1928. 
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lungs for oxygenation, and with each respiration the suction on the outer surface 
is increased with a consequent increase in the amount of blood entering the lungs, 
whereas the expiratory effort drives it out again. . . - We must therefore 
come to the conclusion that the greatest amount of blood is found m the e.xpanded 
lung, less in the collapsed lung and least in the compressed lung. 

We shall recapitulate this phase of the question with a quotation 
from Bruns: 

The amount of blood in the lung is proportionate to its degree of inflation. 
The more pronounced is its degree of airlessness the smaller tvill be the blood 
volume and velocity of circulating blood. This is true independently of the 
mechanism of the production of the collapse. 

CIRCULATION IN THE PNEUMONIC LUNG 

The problem of circulation in the consolidated (pneumonic) lung 
is still unsolved. There is a characteristic confusion in textbooks and 
apparent hesitancy on the part of the authors to conciliate these two 
contradictory facts : the facility with which injections can be made into 
the vessels and the obvious decrease in the amount of blood that the 
consolidated lung seems to contain when examined on the autopsy table. 
There is another cause of confusion; that is, the apparent differences 
in blood content at different stages of the pneumonic process, as in 
the stages of engorgement, and red and gray hepatization. “The capil- 
laries of the alveolar walls,” according to MacCallum,’-® “are dilated 
w'ith blood and there exudes into the air cells fluid from the blood 
together noth leukocytes and red corpuscles.” Again, he stated that 
“the capillaries of the alveolar walls are quite patent, as can be shown by 
injection, but they seem compressed by the mass of exudate and no 
longer seem distended with blood.” There are no accurate descriptions 
to be found concerning the state of circulation in the transition stages 
from the so-called stage of engorgement to that of red or gray hepatiza- 
tion; if the ischemia in the affected lung were due to compression of 
the ca]ullaries by the exudate, we should expect to find such a graded 
impairment in the circulation, especially if the consolidation were 
advancing from the lobuli toward the bronchi as manv believe. “In 
spite of what Avas said about the state of engorgement, it is rare to find 
anything but an abrupt transition from a consolidated to an unaffected 
lung substance (MacCalluni Some idea may thus be had as to 
the nicety of our knowdedge concerning a fundamental question of 
pathology. 

Lundsgaard and van Slyke.® in their painstaking work on ci-anosis, 
stated: “We are still uncertain concerning the main factor preventin'^ 
the rcoxyge nation of the blood.” They considered that cyanosis may be 

Pathology. Philadelphia. W. B. Saun- 
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due to insufficient ox3’genation of the blood passing aerated lung tissue 
(factor designated by tliese authors hy 1 ) or to a fraction of blood pass- 
ing consolidated and unaerated lung tissue ( factor designated by a). The 
disappearance of cyanosis after the administration of oxygen (Means 
and Barachd’-^ Barach and Woodwclld" Stadie’=^), the extensive con- 
solidation found without cyanosis (Stadie^-^), and the bloodless condi- 
tion of the consolidated lung in gray hepatization, are, according to 
Lundsgaard and van Slyke," against the latter In-pothesis. “It appears 
that the blood flow through the affected part is either prevented or much 
diminished, so that it is not likelj' to approach the necessary fraction, that 
is the third of the total blood flow (a = required to cause cyanosis.” 

Judging the ph3’siologic, anatomic and pathologic evidence available, 
one inclines to the jjoint of view that the circulation in the pneumonic 
lung is impaired. Thus far two theories have been proposed to explain 
this impairment. One attributes it to multiple capillary fibrinous 
thrombi or emboli in the pulmonary vessels and capillaries; the other, 
to the compression exerted on the capillaries Iw the exudate contained 
in the alveoli. We do not believe that either of these two theories is 
tenable. Another explanation for tlie impairment of circulation will be 
developed subsequently. It is one which is suggested by our experi- 
mental observations and seems to be more in conformit3’ with the avail- 
able data on the lung. Ribbert," in 1894 . in an addition to an article 
of Dom Bezzola on the histology of lobar pneumonia, stated that one 
should not make inferences from the condition of the lung as seen on 
the autopsy table, and that it might contain much more blood during 
life than after death; the color of the blood contained in the capillaries 
might well be masked 1 ) 3 ' the color of the exudate. There is no doubt 
in his mind that the pneumonic lung is poorer in blood than the normal 
one. He rejected the theor3' of capillary obstruction b3' compression hy 
the intra-alveolar exudate. The existence in the lumina of the capily 
laries of fibrinous clots and thrombi was sufficient for him to explain the 
circulator3' deficienc3'. “In sections colored b3' Weigert’s method in con- 
junction with carmine, numerous fibrinous deposits were found in the 
smaller and larger vessels. In some places, a kind of fibrin network with 
fine threads and large loo])s were seen ; in others, there were more com- 

121. Means, J. H.. and Barach. A. L.; The Symptomatic Treatment of Pneu- 
monia, J. A. M. A. 77:1217 (Oct. 15) 1921. 

122. Barach, A. L., and Woodwell, M. N.: Studies in 0.\-ygen Therapy in 
Pneumonia and Its Complications, Arch. Int. Med. 28:394 (Oct.) 1921: Studies 
in Oxygen Therapy with Determination of the Blood Cases, ibid. 28:367 (Oct.) 
1921. 

123. Stadie (footnote 10, second reference), 

124. Dom Bezzola : Beitrage zur Histologic der fibrinose Pneumonic, Virchows 
Arch. f. path. Anat. 136:345, 1894. 
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pact formations always connected with the intima of the vessels. Often 
real thrombotic processes were encountered as ringlike deposits on the 
intima, and fibrin and white cells narrowing the Imnina of the vessels. 
There may even be thrombi composed of fibrin, white cells and platelets 
occluding the vessels more or less completely. Seldom was obstruction 
observed to be so complete as to permit no passage of blood. Of 
special interest was the occasional observation of complete thrombosis of 
all the capillaries around an alveolus without signs of infarction. 

MacCallum^=® is less affirmative as to the cause of anemia. He 
agrees, however, with Ribbert that “one may often find capillaries 
obstructed by a huge cellular mass which proves to be megalokaryocytes 
from the bone marrow.” Pratt noticed thrombosis usually only in the 
smaller vessels and capillaries, consisting of finely granular material sel- 
dom completely occluding the lumina of the vessels. Besides, Pratt 
reported the presence of emboli composed of giant cells from the bone- 
marrow. He concluded that both the thrombosis and the compression of 
the capillaries by exudate are more important factors in the anemia and 
gray color of the consolidated lung than the substitution of white cells for 
the red which Aufrecht holds to be the only cause. Aschoff, 
Lubarsch and Maximow have studied the same giant cells and 
considered them as causes of embolism in the capillaries and arterioles 
of the pulmonary arteries. Rindfleisch, on the contrary, considered as 
the cause of impairment the compression of the capillaries by alveolar 
exudate. Mallory is still more affirmative; 


As the exudate increases in amount and the fibrin network thickens, the air 
sacs are greatly distended, the alveolar walls stretched and the capillaries com- 
pressed so that they no longer appear engorged. As a result, the redness due 
to congestion and to some extent to hemorrhage, fades away and the lung passes 
into the stage known as grey hepatization. 


-Aschoff attributed the gray color of the consolidated lung to the 
great number of white cells and to the compression of the capillaries by 
the exudate. 


125. Pratt, J. H. : The Histologj’ of Acute Lobar Pneumonia, Johns Hopkins 
Hosp. Rep. 9:2(55, 1900. 

126. Aufrecht: Die genuine Lungenentziindung und die buhlshe desquamative 
Pnenmonie, Deutsche Ztschr. f. Prakt. Med. 45:373, 1875; Hothnagels spezielle 
Pathologic imd Therapic, 1899, vol. 14. 

12/ Aschoff. L.: Ueber Capillaren cmbolosus von Nesenkernhaftigen Zellen 
Arch. f. path. Anat. u, Pharmakol. 134 : 11 , 1903 . 

nif Parcnchymzeilen Embolie, Fortschr. d. 

131. Aschoff. L.: Pafhologischc Anatomic, ed. 6, Jena. G. Fischer, vol. 2. p. 284. 
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The latter opinion is upiield hj’ Christie. Ehrich and Binger/^= who, 
in experimental studies on diathermy in pneumonia, observed an eleva- 
tion of temperature m the jmeumonic lung in the dog. They found 
in pneumococcus type I and B. fricdlandcr experimental pneumonia 
that in most instances a more rajiid rate of heating occurred in the 
affected than in the normal lobes. This local heatitig was of the order 
and magnitude found in a lung of which the branch of the pulmonarj' 
artery su])plying it had been clamped. The authors injected barium 
gelatin mixture into the jjulmonary arteries (in lungs of a pneumonic 
dog) and the\" found that there was an obstruction of the pulmonary 
artery branch in tiie area corresi)onding to the part of the lung which 
showed gross pathologic changes at autopsy. They do not. however, con- 
sider this specimen as definite proof of vascular obstruction, and are 
rather inclined to Ijelieve that there was a faulty technic (personal com- 
munication). In man, the results were not so marked as for the dog. 
They concluded that there is a marked impairment in the circulation 
in the pneumonic lobes but that this is due to compression of the 
capillaries by the alveolar exudate. 

Gross injected o.xychloride of bismuth in gelatin into pneumonic 
lungs, post mortem. In the healthy lung the vessels are uniformly 
injected (fig. 5). He concluded in his work that varying degrees 
of vascular obliteration may occur depending on the stage of the 
consolidation. In red hepatization there is a moderate impairment of 
the circulation and although the involved parenchyma of the lung, 
macroscopically at least, looked as though nonfunctioning, there was 
still a moderate circulation going on. On the contrary, in gray hepatiza- 
tion there is a complete lack of injection and only large branches, ending 
abruptly, are injected ; the whole area of gray hepatization shows a 
strikingly anemic condition (fig. 6). 

The most complete experimental study on this question was made 
by Kline and Winternitz.’- These authors observed that when pneu- 
monia is produced in animals which were previously given injections 
of vital stain (trypan blue), the involved lung had a uniform blue 
color. However, when the d3^e is injected from twenty to sixty-five 
hours after pneumonia is produced, the normal lung will appear a 
uniform blue whereas the consolidated areas will not take the dye. 
These areas present a pale graj”^ color, as do the nonstained specimens. 
The sharp demarcation of these wedge-shaped infarct-like areas was so 
striking that these authors investigated the question further. In a 

132. Christie. R. V. : Ehrich, W.. and Binger, C. A. L. ; An E.vperimental 
Study of Diathermy; 5. The Elevation of Temperature in the Pneumonic Lung, 
J. Exper. Itfed. 37:741 (May 1) 1928. Binger, Christie and Ehrich (footnote 
14, second reference). 
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case of pneumonia of the right middle and lower lobes in man, three 
and one-half hours after death, they injected into the pulmonary 
artery equal parts of 5 per cent berlin blue in 10 per cent gelatin under a 
pressure of 120 mm. of mercury. After the injection, the pulmonary 
artery was tied and the lungs placed in a diluted solution of formalde- 



lug. S— Normal lung into which bismuth oxychloride gelatin was iniertpd 
through the pulmonary artery (after Gross). ^ 

Me, U. S. P. (1; 10) overnight. The following morning a striking 
teture presented ttself. The consolidated area was pale gray whereas 
he healthy hmg was mtetiscl.v blue. Four subsequent specimens treated 
J be same way yielded similar results. The same results were obtained 
injections into pneumonic lungs of rabbits after death Micro 
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scopic sections in man and in rabbits showed that little blue solution 
had penetrated the consolidated area, whereas the vessels of the healthy 
lung were engorged with the blue solution. Apparently there was an 
impairment of the circulation in the consolidated lung, at least in the 
postmortem specimen. 



Fig. 6. — Roentgenogram of, a lung from a case of lobar pneumonia into 
which bismuth oxj’chloride-gelatin was injected. A, consolidated area — gray 
hepatization — the main vessels though constricted are functioning while the finer 
vasculature has been obliterated. B, consolidated area — red hepatization — the main 
vessels are constricted and the finer vasculature is less dense than normal. C, 
healthy lung tissue except for compensatory congestion. The main and finer 
vasculature is conspicuously dilated (after Gross, with whose results we are not in 
agreement) . 

As a cause of such impairment, the authors considered the follow- 
ing hypotheses: (1) compression of the alveoli by the intra-alveolar 
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solidation of practically the entire left lobe. . . . Berlin blue 

gelatine was then injected into the pulmonary artery. On sections the 
consolidated lung was found to be almost as uniformly blue as the 
uninvolved lobes, idicroscopic sections showed that the exudate con- 
tained an abundance of cells but very little fibrin. Furthermore, the 
vessels in consolidated area, contained a much greater amount of dye 
than had been observed in anj' of the other pneumonic lungs.” 

It is seen from the foregoing observations that most workers are 
inclined to the view that the circulation in the pneumonic lung is 
impaired. This fact is perhaps much more important than it has 
heretofore been considered. As Kline and Winternitz pointed out, it 
might help one to understand the inefiicacy of serum or other thera- 
peutic methods in lobar pneumonia after the third or fourth day of 
the disease. Moreover, it could explain the crisis or h'sis in this dis- 
ease which so uniformly occurs between the fifth and eleventh day. 
According to this conception, therapeutic substances introduced b}' 
mouth, hypodermicall}' or by vein cannot reach the affected lung (the 
focus of infection) because of the circulatory impairment. The crisis 
could be explained on the same basis, for little serum can reach the 
consolidated area at this stage ; so that the proteolytic ferments liberated 
by the white cells (Opie and Loi'd are not neutralized by the 
antitr3'ptic power of the scrum; the digestion of fibrin in the exudate 
thus proceeds unhampered. 

The mechanism of circulatory impairment requires a much more 
detailed investigation. Kline and Winternitz ruled out the theory of 
compression of lung vessels bj' exudate. This opinion of Kline and 
AVinternitz is in accord with our own view ; the jmeumonic lung being 
smaller than the health}' one, as we have i^reviously shown, renders 
the acceptance of the compression theory difficult. Concerning the 
view of thrombosis and embolism of the capillaries as factors in impair- 
ment, we shall simply state that it is not in agreement with our knowl- 
edge about pulmonary infarction and the lesions produced by it. There 
is no apparent reason for the strict localization of this thrombotic or 

133. Opie. E. L. : Intracellular Digestion : The Enzymes and Anti-Enzymes. 
Physiol. Rev. 2:252 (Oct.) 1922; The Enzymes in Phagocytic Cells of Inflam- 
matory Exudates, J. Exper. iMed. 3:410 (May) 1926. 

134. Lord, F. T. : The Relation of Proteolytic Enzymes in the Pneumonic 
Lung to Hydrogen Ion Concentration; An Explanation of Resolution, J. Exper. 
Med. 30:379, 1919; Pneumonia, Harvard Health Talks, 1929, no. 9, Cambridge, 
Harvard University Press. Lord, E. T., and Nye, R. N. ; Studies in Pneumonic 
Exudate, J. Exper. Med. 34:201, 1921. 

135. Coryllos, P. N., and Birnbaum, G. L.; Lobar Pneumonia Considered as 
a Pneumococcic Massive Atelectasis of the Lung, Bull. N. Y. Acad. l\Ied. 4:384, 
1928; Lobar Pneumonia, Arch, Surg. 18:190 (Jan.) 1929; The Size of the Con- 
solidated Lung in Lobar Pneumonia, Am. J. M. Sc. 178:15 (July) 1929. 
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embolic process to the small branches and capillaries of the pulmonary 
artcrv alone, while the bronchial arteries and peribronchial capillanes. 
on the other hand, remain unaffected. For reasons developed in an 
earlier part of this paper, we should expect infarction and trophic dis- 
turbances of the parenchyma of the lung if thrombosis of both systems 
of vessels were present. Finally, we wish to add that the results obtained 
by injection into the pulmonary artery both by Binger and his collabora- 
130 Gross, etc., of such substances as these authors used, are open 
to serious objections, especially since postmortem specimens were used. 


EXPERIMENTAL DATA 

The desideratum in an injecting substance is that (1) it should be 
nontoxic and injected into the right side of the heart of the living animal ; 
it must produce no alterations in the blood (like coagulation of the 
albumin) ; (2) it should be fluid enough to pass through the smallest 
ramifications of the pulmonary arteries, and (3) have radiopaque proper- 
ties for its detection in roentgenograms. Thus far the substances used 
by Gross (oxychloride of bismuth in gelatin) or by Binger and 
others (powdered iiarium sulphate in gelatin) or the vital stains of 
Kline and Winternitz fall short of these requirements 

For these reasons, we used iodized oil 40 per cent. The results were 
surprising and quite different from those of other investigators. 
Iodized oil proved to be the ideal substance for this purpose 
because it can be injected into the jugular vein of the living 
dog without pressure and in amounts (from 10 to 40 cc.) compatible 
with survival of the animal for several minutes. Ample time was thus 
given the right side of the heart to propel the substance through the 
pulmonary artery to the lungs of its own accord. Roeiitgenograms 
showed that there was no obstruction in the vascular tree of the pul- 
monary artery, a condition which Gross, “ Binger and co-workers, 
and Kline and Winternitz believed to exist and figured (figs. 5 and 6). 
The smallest ramifications of the pulmonary artery were clearly shown 
in fine detail in the diseased portions of the lung as well as in the health}' 
lung. From roentgenograms of the lung alone the affected lobes 
cannot be distinguished from the healthy lungs. 

The patency of the pulmonary arterial tree was thus established. 
However, this gave us no information about the more important ques- 
tion of circulation in the capillaries of the lung. The fact that the 
finest arborizations of the pulmonary artery were so clearl}- shown 


L%, Brandi. A.; Brow, C. R.. and Binger, C. A. L.: Infcrnat. Assoc. Med 
itus. Bull, 1925, 110 . W, yi. 4S, 

137. Binscr; Chrislic and El, rich (footnote 14. second reference). Branch- 
I, row and Buiger (fooUioVe 136). Christie: Ehrich and Binger (footnote 132). 
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raised doubt in our minds about the abilit}' of iodized oil to pass through 
the precapillary arterioles. Roentgenograms of the heart, after the 
aorta was clamped, showed the right side of the heart still filled with 
iodized oil, but no trace of it was discernible in the left side (fig. 7). 
This showed us that iodized oil was not a suitable substance for investi- 
gation of the capillary circulation. 

For that jnirjwse we used the technic first suggested by Krogh'’^ 
and later used by Binger, Brow and Branch in their study of their 



Fig. 7 . — Heart after injection of iodized oil into the jugular vem. The right 
side of the heart is filled with oil, but there are no traces of it in the left side, 
showing that iodized oil does not pass through the pulmonary capillaries back to 
the left side of the heart in this short time. 

“starch” lungs. A 20 per cent solution of india ink in Ringer s solu- 
tion is injected through the jugular vein ol the living animal after the 
blood is washed out with a stream of Ringer’s solution heated to body 
temperature. Perfect injection of the capillaries can be obtained. In 
microscopic sections of the normal lung, the capillaries are black and 
outline the alveoli clearly. By this method we were able to visualize 
the changes in alveolar size both in experimental atelectasis and in pneu- 
monia, and the changes in the shape, size and content of the capillaries 
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INJECTIONS OF IODIZED OIL 

L Atclcclcisis of the Right Lung: Dog C 52 tiseci in fliis experiment. 

March 20, 1928, 10:00 a. m. ; The right lower lobe was blocked with our 
balloon. 

March 21, 10:00 a. ni. : Roentgen e-\amination showed atelectasis of the right 
lower lobe (fig. 10). Displacement of the heart and trachea to the right and 
elevation of the right .side of the diaphragm were plainly seen. Iso-amyl-ethyl 
barbituric acid anesthesia was used. 

11:00 a. m. : Ten cubic centimeters of warm iodired oil was injected over 
a period of one minute into the jugular vein. Roentgenograms were taken 
every three minutes. After the injections, the dog developed dyspnea and shallow 



Fig. 11 (dog C 52). — Roentgenogram taken just before death of the animal 
showing the pulmonary artery injected with iodired oil; the branch to the involved 
right lower lobe is markedly dilated. 

breathing which lasted for about twm niinutes; 10 cc. more of iodized oil was 
injected. The animal again became dyspneic, and forty-five minutes later the 
heart action became weak; the heart stopped shortly thereafter. Figure 11, taken 
before the death of the animal, shows both pulmonary arteries injected, but the 
branch corresponding to the involved right lower lobe is dilated. 

At postmortem examination, the trachea was clamped, the lungs extracted and 
the large vessels of the heart and of the hiltim of the lung clamped and ligated. 
In the photograph of the specimen (fig. 12), a complete apneumatosis of the right 
lower and subcardiac lobes is dearly visible. In the roent.genogram of the lung 
(fig. 13), the obstructing balloon is vdsible because of the sodium iodide solution 
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with which it is filled. The pulmonary arterial tree is uniformly injected Mth 
iodircd oil. No differences can be made out between the atelectatic nght lobe 
and subcardiac lobes and the other (normal) lobes. It is to be noted that the 
smallest arterioles are so clearly outlined that it seems highly improbable that 
the iodized oil could have penetrated the capillaries; for if the capillaries were 
filled we should expect a less clearcut and rather blurred roentgenogram. 



big. 12 (dog C 52). —Postmortem specimen of the lung; the trachea was 
clamped before the chest was opened. The right lower and subcardiac lobes are 
completely atelectatic. 


IL AliL-f!t!sis of the Left Lung: Dog C 51 was used in (his experiment. The 
chest was opened, and intratracheal insufflation was employed. The experiment 
IS particularly interesting because it shows the extraordinary resistance of the 
animal to a marked degree of obstruction of the pulmonary artery, and because 
the snece.sMvc injections of iodized oil were followed by serial roentgenograms. 
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March 19, 1928; Iso-aniyl-cthyl barbituric acid aiicstliesia was given. The 
left lower lobe was obstructed with our balloon. 

March 20 ; A well developed atelectasis of the left lobe was noted ; the heart 
shifted and the left lower lohe was lia/y flig. 14). 

11:30 a in.: Intraperitoncal anesthesia was given. 

12:00 a. in.: The tube for intratracheal insufTlation was introduced. An inci- 
sion of the skin and of the soft parts was made from the manubrium to the mid- 
abdomen ; hemostasis was made. The xyphoid process was dissected free, and the 



Fig. 13 (dog C 52). — Roentgenogram of the lung showing the balloon obstruct- 
ing the right lower and accessory lobes. The pulmonary arterial tree is uniformly 
injected with iodi/ed oil. No differences can be made out between the atelectatic 
and the other (normal) lobes. 

finger passed behind the sternum. Midsection of the sternum was performed. There 
was slight bone hemorrhage, and the left mammary vessels were ligated. A 
strong self-retaining retractor was used to separate the edges of the incision 
widely and so give a satisfactory view of the thoracic cavity. Intratracheal insuf- 
flation was established with an air pressure of 12 mm. of mercury. The heart 
beat was strong and regular. The left lower lobe was atelectatic, bluish black 
and did not expand with insufflation. The left upper lobe was of normal color 
and distended. The right lung was normal and distended. The subcardiac lobe 
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visible under the heart and displaced toward the left side (represented by the 
dear triangle between the heart and the diaphragm in the roentgenogram). 

l-OO p. m.; The animal was tiansporteJ to the x-ray table. A cannula was 
introduced into the right jugular %em and 20 cc. of warm iodized oil was injected 
in one minute. A roentgenogram taken one numite (fig. 15) after the iitjection 
shows that the oil has penetrated the branch of the pulmonary artery to the 
atelectatic left lower lobe and that this branch is greater in diameter than that 
to the right lower lobe. (Compare this figure to figure 11, where the right lower 
branch is larger.) 

Five minutes after injection, all branches of the pulmonary artery were seen 
to be injected and visible : tlie left lower branch was again seen to be dilated. 



Fig. 14 (dog C 51). — Well developed atelectasis of the left lower lobe; the 
heart is drawn to the left and the left lower lobe is hazy. 

1:07 p, m. : Ten cubic centimeters more of oil was injected. The dog was 
dy.spneic, and the heart slowed down but was beating regularly. 

1:40 p. m. ; The heart action was weak and slow. After massage and intra- 
cardiac injection of epineplirine, ft again became more rapid. Ten cubic centi- 
meters more of oil was injected, 

1 ; 45 p. m. : The heart was beating even more slowly and finally stopped. 

At postniorlcm c.vamination, a clcarcut apneimiatosis of the left lower lobe 
nnly was seen (fig. 16). A roentgenogram of the lung (fig. 17) shows a perfect 
< istributson of iodized oil in all branches of the pulmonary artery. No differences 
are apparent between the vessels in tlic affected and healthy lobes. The difference 
m diameters of the right and left pulmonary artery which shows up clearly in 
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tlie living animal is no longer apparent. In the same roentgenogram, the kidney 
of the animal shows that no iocliyetl oil had penetrated this viscus. 

III. Pneumouia of the Right Middle and Loieei Lobes: Dog B 57 was used in 
this experiment. 

March 30, 1928, 4:00 p. m. : Intrapcritoneal anesthesia was given. Twenty 
cubic centimeters of a twent 3 '-tlirce hour culture in broth of pneumococcus type I 
was centrifrigated, and the sediment suspended in 1 cc. of broth. This concen- 
trated culture was insufilated into the right common bronchus through the 
bronchoscope 



Fig, 15 (dog C 51).. — Roentgenogram taken one minute after the injection of 
20 cc. of iodi 7 ed oil. Oil has penetrated the branch of tlie left pulmonary artery 
to the left lower lobe, and this branch (faintly shown in this particular figure) is 
greater in diameter than that to the right lower (normal) lobe. Compare with 
figure II. The tracheal tube is seen in place. 

March 31 ; The animal appeared very sick and toxic. The temperature was 
103 F., pulse rate 90 and respirations 90. The right side was dull to percussion; 
there were diminished breathing and a few rales. The heart was markedlj' dis- 
placed to the right. In the roentgenogram (fig. 18) tj'pical pneumonia of the 
right lower lobe is seen. 

12:48 p m : Fifteen cubic centimeters of iodized oil was injected into the 
right jugular vein. 
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12 : 52 p. m. ; Respiration slowed down after initial acceleration, and the 

heart stopped beating. . , , . 

At postmortem examination, the chest was opened without previously doping 
of the trachea. A greenish turbid fluid was found in both pleural cavities. A 
smear showed myriads of diplococci. The right, middle and lower lobes were of 
a dark reddish blue, airless and sank in water (fig. 8). A photograph of the 
specimen (posterior view) shows the involved lobes larger than the healthy ones 
because the trachea had not been clamped previous to opening the chest (fig. 19). 
A roentgenogram of the lung (fig. 20) shows no impairment in the circulation. 
It is impossible by this means to distinguish the healthy from the involved lobes. 

IV. Pkurtlobar Pneumoma: Dog B 56 was used in this experiment. Pneumonia 
was induced in the left lower and the right, middle and lower lobes. The process 



Fig. 16 (dog C 51). — Postmortem specimen showing complete atelectasis of 
the left lower lobe. 


in the left lower lobe was probably seven days old or less and the process in 
the right lobe six days old or less. 

March 27, 1928, 10:00 a. m.; Intraperitoneal anesthesia was given. Twelve 
cubic centimeters of twenty-hour old broth culture of pneumococcus type I was 
centrifugated, and the sediment taken up in 1 cc. of broth and insufflated into 
the left main bronchus through the bronchoscope. 

March 28: The animal was not very sick. 

■March 29; The animal was rather sick. A roentgenogram showed haziness 
of the base of the left lung, shifting of the heart to the left without elevation 
of the diaphragm and a hariness of the base of the right lung. 

.\l)nl 5; The animal was very sick. The temperature was 100 F., pulse rate 
> and respirations I-IO. There was duhiess over tlie right side of the chest 
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1 : 22 p. m. : There were deep agonal respirations, with tlie lieart beating 
regularly at a rate of 100 per minute. 

1 ; 23 p. m. : The respiration stopped ; the heart was still beating. After 
rhythmic traction on the tongue, respiration again started, deep at first for a 



Fig. 19 (dog C 57).— Posterior view of lungs showing pneumonia of the right 
middle and lower lobes. The trachea is not clamped. 


few respirations and then an alternating type with one deep and one shal ow 
respiration. 

1 : 27 p. m. ; Respiration stopped. 

1 : 28 p. m. ; The heart stopped beating. The chest was opened, and the aoita 
clamped. 
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The roentgenograms of the lungs are not given here as they are sitnliar to those 
already shown. The interesting feature in this experiment is that a roentgeno- 
gram of the heart (fig. 7) shows clearly that the right side is filled with iodi7cd 
oil whereas the left side contains no trace of it. This experiment gave us the 
explanation of the peculiar phenomenon that the branches of the pulmonary artery 
were so rvell injected down to their finest ramifications; although relatively large 
amounts of oil were injected, the vessels appear cicarcut and the lungs arc not 



Fig. 20 (dog C 57) --Roentgenogram of the lungs extracted from the chest. 
Ihe pneumonic right middle and lower lobes (indicated by arrows) are as well 
injected with lodired oil as the healthy lobes, it is impossible by this means to 


JRusely opaque-an opacity which we should expect if the capillaries were 
jected with oil. We therefore suspected that iodized oil could pass through 

graroTu’T P^^netrate the capillaries; the roentgeno- 

Sram of the heart, of course, confirms this suspicion. 




INJECTIONS OF INDIA INK 

inia'^th"°n'^^**-^ here— one of atelectasis and one of lobar nn 

■Ilia, the other injections of this series being similar. ^ 
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FI. Atelectasis of the Right Lung: Dog B 83 was used in this experiment. 

June 19, 1928; Intrapcritoneal anesthesia was given. In order to produce a 
rapid ateJectasis, the lung was insufflated with a stream of air saturated with ether 
(Connell insufflating apparatus) through the bronchoscope, and the right lower 
bronchus was obstructed with our balloon. Ten minutes later a partial atelectasis 
was apparent, and in one hour the atelectasis seemed complete. 

Twenty-four hours later the right jugular vein was e.xposed and sectioned. A 
cannula was introduced into the distal end and one into the proximal end, as 
described under technic. 

11: 55 a. m. : The introduction of 1,000 cc. of Ringer’s solution was started; 
the return flow of hlood was liglit red. The heart action was rather weak, and 
1 cc. of epinephrine was injected into the tube supplying Ringer's solution. 



Fig. 21 (dog B 56). — Roentgenogram of the chest, showing pneumonia of the 
whole right lung, except the accessory lobe, and left lower lobe. Displacement 
of the heart to the right is less marked because of involvement of the left lower 
lobe as well. 

12:00 a. m.: Ringer’s solution was stopped and the injection of india ink 
solution started. Twelve seconds later, the return flow from the upper end of 
the jugular vein was completely black. 

12:02 a. m.; The heart stopped beating. 

The chest was opened. Both lungs were entirely black (fig. 25). The right 
niiddle and lower lobes and the subcardiac lobe were completely apneumatotic 
and sank readily in water (arrows in fig. 25). The right upper and left lobes 
were healthy and aerated. Specimens were cut from the different lobes and 
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tested in water. Four varieties were distinguished: a, floating; b, submerging, 
f. slowly sinking, and d, rapidly sinking. Sections were taken from each lobe. 
In cases of experimental atelectasis we find portions of the affected lobe with 
complete apneumatosis and others in which the absorption of air is less complete. 
In other words, the results are similar to those in experimental or human pneu- 
monia in which three stages of consolidation arc distinguished: the so-called 
stage of engorgement, and red and gray' hepatization; in the latter, areas of 
beginning resolution may also be seen. 

Figure 26 is a photomicrograph of a section of healthy lung from this animal. 
Into the capillaries was injected India ink, so that the alveoli are clearly outlined 



Fig. 22 (dog B 56). — Roentgenogram of the chest before the heart stopped 
shows the branch of the pulmonary artery to the more involved side (right middle 
and lower lobes) to be larger in diameter than the left. 


by them. Notice the size of the alveoli for comparison with the following photo- 
micrographs which have been made under the same magnification. 

ugure 27 shows incomplete apneumatosis. Alveoli with air are still visible 
a tough the majority of them are shrunken and airless. The capillaries are 
ortuous, having followed the alveoli in the process of shrinkage. At first sight 
.... ta. „o. al, hough , 1,0 capill.rie, 

thc'nrr^ comparison with the capillaries in 

P lous photomicrograph. This is particularly well demonstrated when one 
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takes into consideration the fact that in a given area, say 1 square inch, the 
present pliotoniicrograph shows twice as many capillaries, since 1 square inch of 
the present figure contains many more (shrunken) alveoli. Even if one considers 
that tlic lung in this state has more hlood content per unit volume, nevertheless 
the blood content per alveolar sac is less and therefore the content for the whole 
lung is less than for a healthy hmg. 

Figure 28 shows a more ad\anced stage of atelectasis Few alveoli still con- 
tain air ; e.xudate is present. The capillaries arc irregular and the blood content 
of the lung is certainly decreased. 






■It-. 




V”- 


Fig 23 (dog B 56). — Pneumonia in all the right lobes except the accessory; 
stage of early gray hepatization 


Figure 29 shows the circulation still more impaired 

An important fact is the simultaneous appearance, with the impairment of 
circulation, of dilated blood vessels the sizes of which increase in proportion to 
the circulatory impairment. We believe that these vessels do not represent dilated 
capillaries, as previously described by Bergammi and Shepherd, Santee, etc , but 
precapillary arterioles of the pulmonary artery which are dilated because of the 
resistance met with in the collapsed capillaries This fact wdll explain the 
dilatation in the branches of the pulmonary artery corresponding to the affected 
lobe so clearly showm m the roentgenograms of the living animal with injections 
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of iodized oil (figs. 11, IS and 22). It is of great interest to note in the following 
experiment that almost exactly the same phenomena were reproduced in cases 
of pneumonia. 

I’ll. Lobar Pneumonia: Dog B 82 was used in this experiment. 

June 13, 1928; Intraperitoneal anesthesia was given. Fourteen cubic centi- 
meters of a twenty-hour old broth culture of pneumococcus type I was centrifu- 
gated, the sediment taken up in 1 cc. of broth and insufflated into the left main 
bronchus with the bronchoscope. 



Fig. 24 (dog B 56)— Roentgenogram of lungs extracted from the chest after 
mtrajugular injection of iodized oil. The involved lobes cannot be distinguished 
from normal lobes. Arrows indicate the healthy lobes. 


June 14 . The animal was very sick. Breathing was rapid and shallow The 
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12: 50 p. tn. : Injection of Ringer’s solution was started. Over a period of 
five minutes, 800 cc. was introduced; tlic return flow was about from 900 to 1,000 cc. 

12:55 p. m.: The heart weakened. One cubic centimeter of epinephrine was 
introduced into tlic rubber tube going to the jugular vein cannula. The heart 
rapidly resumed its normal beat, but respiration became shallow and rapid. The 
outflow of blood from the peripheral cannula was still red but much lighter than 
at the beginning of the experiment. At this time about 1,000 cc. of Ringer's 
solution had been introduced. The Ringer’s solution was now stopped, and the 
injection of india ink started and continued for one minute. Twelve seconds after 



Fig. 25 (dog B 83). — Right atelectasis. Injection of india ink into the jugular 
vein. The arrows point to atelectatic lobes. .AH lobes are uniformly black. 

the beginning of this injection, the return flow from the upper end of the jugular 
vein was completely black. Within one minute after the beginning of the injec- 
tion, the heart stopped beating. The chest was opened and the large vessels of 
the base ligated. A photograph of the lung (fig. 31) shows it completely black; 
no differences in color are visible between the affected (left upper and lower) 
and healthy lobes (right). Specimens were taken and classified according to 
their behavior in a container with water as in the previous cases. Sections were 
made of these specimens and photomicrographs taken, the same magnification 
being used for all of them. 
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apparently without any capillaries. Sections of dilated arterioles arc cleariv 
visible. 

Figure 36 shows gray liepati/ation. The circulation is more impaired, and 
the capillaries broken up. Sections of dilated arterioles are seen, 

DISCUSSION 

Before we couiinent on our oltscrvations. it will be necessary to see 
bow tile thcor\’ we propose agrees with the known facts on disturbances 
of ga.seoiis exchanges in the lung in cases of infianiniatory diseases of 



Fig. 27 (dog B S3). — Injection of india ink. Stage of incomplete atelectasis. 
Some alveoli with air are still visible, though the majority of them are shrunken 
and the capillaries tortuous. 


the lung. We must inquire whether this conception of gradual and 
progressive circulatorj' impairment in the consolidated lung already 
severed from ventilation is in accordance with the modifications in the 
gas exchanges already noticed by other investigators in various cases of 
bronchial obstruction. 

It is obvious that to the group of apneumatic lungs, in ivhich after 
complete obstruction of a bronchus, absorption of the alveolar air and 
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collapse of the alveoli occur, we should add the cases in which partial 
obstruction of the respirator}’ ways produces a distention of alveoli, 
which are partially cut off from ventilation. In this last group belong 
asthma and emphysema. 

If our conception is right, in these last cases circulation must remain 
intact or even be increased in the capillaries. Blood would circulate 
through channels insufficiently aerated and a marked reduction of 
oxygen with carbon dioxide retention in the blood should follow, because 



-ig. -8 (dog B 82).-JIore advanced stage of atelectasis. Few alveoli still 
contam air. Serous exudate is present. The capillaries are irregular and the 
blood content of the lung is certainly reduced; dilated arterioles are visible (^) 


of the mixture of this unaerated with oxygenated blood. This is 
exactly what happens in asthma when bronchial spasm is extensive 

”nt liM show.. 

Hich bclou normal ; an acute oxygen want with carbon dioxide reten 
c™,^s '•>’ p™»<-t...ced l.ypor,,„eo md 
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In einpliyscina, where there is no bronchial obstruction but only 
impaired gas exchange because of structural changes in the respiratory 
channels of the lung (Hoover circulation is not affected. Oxj^gen 
want and carbon dioxide retention in marked cases are due to a relati^'e 
stagnation of the alveolar air; this will have as a result a rise in carbon 
dioxide (from 60 to 63 mm. of mercury instead of 40 mm. of mercury) 
and a lowering of the oxygen j)artial pressure (from 70 to 75 mm. of 



Fig. 29. — Atelectasis is more advanced than in figure 28. The circulation is 
niarkedb' impaired. Dilated arterioles are visible {A). 


mercury instead of 107 mm. of mercury) in the arterial blood. In both 
these diseases, as well as in acute edema of the lung, due, for example, 
to poisoning from phosgene gas (Winternitz and Lambert the 
capillary circulation is intact, and the ventilation alone is impaired. 
More or less acute oxygen want with carbon dioxide retention, increase 


139. Winternitz and Lambert: J. Exper. Med. 39:537, 1919. 
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in Pn and production of gaseous acdosis, is the characteristic modifi- 
cation in this group. . 

In opposition to the foregoing group are the conditions m which 

there is apneumatosis of a considerable portion of the lung. Atelectasis, 
bronchopneumonia and lobar pneumonia belong m the last category. 
Acute bronchitis would stand between this and the former group, 
representing a transitional form between them. 

In fact, in uncomplicated acute bronchitis, there is no change in the 
blood gases. “If however the process extends to the finer bronchi and 



Fig. 30 (dog B 52). — Roentgenogram of tbc chest taken twenty-four hours 
after insufflation of pneumococcus culture Pneumonia of the left lung with 
complete shifting of the heart to the left and elevation of the left side of the 
diaphragm is seen. The clear space between the heart and the left side of the 
diaphragm is due to encroachment of the subcardiac lobe on the left side of 
the chest. 


involves the bronchioli and the alveoli, signs indicating interference 
with the proper aeration of the arterial blood and retention of carbon 
dioxide may develop” ( Meakins and Davies "0 • The degree of oxygen 
want will depend on whether “areas of lobules have been rendered non- 
functioning by closure of the bronchioli. As a consequence numerous 
small areas of the lung will be non-functionating, although a certain 
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amount of circulation n-ill continue tlirougli these areas, in u-liich oxygen 
tension will be reduced and venous blood will thus return to pollute the 
mixed arterial blood” (Meakins and Davies Between uncompli- 
cated bronchitis and bronchopneumonia the only diffcreuce would be, 
according to these authors, the existence or not of areas of lung cut off 
from aeration by obstruction of the corresponding bronchi or bronchioli. 
Furthermore, Hoover pointed out in 1918 the relation existing in 
these cases between blood flow and ah'eolar ventilation. Iiupairment 
of the circulation will follow bronchial obstruction and will gradually 
increase in parallel with the collap.se of the alveoli. But in broncho- 



Fig. 31 (dog B 82). — Injection of india ink into tlie jugular vein. Photograph 
of the lung specimen showing it uniformly injected black. .‘Vrrows point to pneu- 
monic lobe (twenty-four hour old process). 

pneumonia as against lobar pneumonia, there is a dispersion of the 
process all over the lungs, those patchy consolidations occurring irregu- 
larly in time and distribution. The result is that in a great portion of 
the parenchyma of the lung, especially in the severe cases as observed 
in influenza epidemics, circulation will be maintained through unaerated 
channels ; this fact explains that there is a pronounced oxj^gen unsatu- 
ration with increase in carbon dioxide content of the blood. In these 
cases the administration of oxygen does not relieve, or only partiall.v 
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relieves, cyanosis, and it may be inferred, according to Meakins and 
Davies,^'"' that “a idockage of the lobules of the lung with impaired 
circulation is so pronounced as to prevent penetration of the oxygen 
into the alveoli, in spite of its increased partial pressure. If the 
cyanosis is somewhat relieved, this would indicate that certain of the 
alveoli arc only partially obstructed.” ( See cases 1 and 3 in table XIII 
of Meakins and Davies, page 208.) 

^^'e have mentioned the modifications in the gas exchanges in 
bronchitis and ])ronchopneumonia because the)" show the gradual transi- 



I'lg. 32 (dog B 82).— Photomicrograph from the right upper lobe (normal) 
1 he a veoh arc outlined by the capillaries which are well injected with india ink 
.No dilated vessels are visible. 


tion fiom single bronchitis and bronchopneumonia and prove beyond 
doubt that occlusion of small Itronchioli in the course of a bronchitis 
and the production of numerous patchy consolidations spread over the 
ungs determine interrelated changes in alveolar ventilation and capillary 
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In lobar pneumonia the same process occurs; but instead of a 
patchy and extensive distribution all over the lung, the process is 
strictly lobar. According to Meakins and Davies : 

In the bronclio-pneiimoiiias tlic process is as a rule irregular in distribution 
and time. Thus various portions of the lungs become successively consolidated 
with obliteration of the alveoli. In lobar pneumonia a similar sequence of events 
occurs, but with this difference — that as a rule the pulmonary lesion progresses 
uniformly from partial to complete consolidation. If is therefore only when the 



Fig. 33 — This photomicrograph corresponds to the period of “engorgement” 
and was taken irom a part of the pneumonic lung which submerged but did not 
sink in water. The alveoli are shrunken. The few dilated vessels seen are 
terminal branches of the pulmonary artery (A). 

disease is observed from its earliest manifestations or when different lobes are 
involved in succession that the process of events may be determined. 

We bave maintained in previous papers^"” that the nature of the 
process is the same in bronchopneumonia or lobar pneumonia, the only 
difference being in the size of the occluded bronchi ; and that from the 
standpoint of pathogenesis, bronchopneumonia bears the same relation 
to lobar pneumonia that patch}' atelectasis bears to lobar atelectasis. 
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On the contrary, as the process advances, the circulation in the 
consolidated lung will become more and more impaired. The amount 
of blood circulating in unaerated channels will be negligible, so that 
the percentage of carbon dioxide in the arterial blood will fall and that 
of ox3'gen rise toward normal. It is not within the scojje of this u'ork 
to discuss the relation between anoxemia, carbon dioxide content and 
shallow breathing. The only point which interests us is the increase 



Fig. 34. A more advanced process with exudate in the alveoli. Capillary 

circulation is still more impaired. Dilated pulmonary arterioles are cleailj 
visible {A). 


of carbon dioxide and fall in oxt^gen in the initial stages of lobai pneu- 
monia and the decrease in carbon dioxide in the later stages of the 
disease. 

These facts put beyond discussion the existence of a progressive 
circulatory' impairment in lobar pneumonia, of the same tj’pe as in 
bronchopneumonia. This gradual circulatort'^ impairment can be 
explained b}’ the mechanism we proposed rather than the one proposed 
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by Binger or Kline and Winternitzd- It is interesting that Binger 
and Brow remarked that “a close parallelism has been observed in 
radiographic shadow, phj-sical signs and the volume of the functional 
residua! air. The lung volume measured at normal expiration is dimin- 
ished during the persistence of pathological signs in the lungs and 
returns to normal as the pathological signs disappear. The average time 
required, in cases which recovered, for the functional residual air to 
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process is at its iicigiit the circulatorj' iini^airment is conceded to be 
less pronounced than in gray hepatization. 

Our conception, on tlie contrary', explains the progressive impair- 
ment of the circulation and is supported by facts demonstrable by simple 
experimental methods. 

COMMENT 

The observations given previously represent only a small part of our 
experimental investigation. We purposely refrain from mentioning 



Fig. 36. — Stage of early gray hepatization. Capillary circulation is greatly 
impaired. The capillaries are broken op and sections of dilated arterioles are 
seen (stained preparation). Dilated arterioles are marked A. 


results obtained with injections into the jugular vein of sodium iodide, 
vital stains, gelatin with radiopaque substances or even mercury. 
Experiments with these substances gave us a good insight into the 
causes of incomplete injections of the j)ulmonary tree of other authors 
which led to inaccurate conclusions. Gross,^® Binger and his collabo- 


142. Binger and others (footnotes 132 and 136). 
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rators and ICline and Winternitz have fallen into error on similar 
account. Postmortem injections into the lung, particularly in pneu- 
monia, of gelatin or celloidin containing masses have failed to yield 
uniform injections. The incomplete injection may occur in a healthy 
lobe as well as in an involved one but more frequently in the latter 
because of postmortem thrombosis occurring more rapidly in the 
pneumonic than in the healthy lobe. 

As our experiments have shown, it is important to distinguish 
branches of the pulmonary zvt^ry from the capillaries, when considering 
impairment of circulation in the lung rendered apneumatic from what- 
ever cause. That is, the circulation in the arterioles is not impaired 
whereas in the capillaries it is. Moreover, when we talk about “an 
angiomatous condition” of an atelectatic lung we must remember that 
the capillary circulation is distinctly impaired in direct proportion to the 
degree of shrinkage and airlessness ; however, because of this capillar)-^ 
impairment, there is a stasis in the small precapillary arterioles of the 
pulmonary atreries, and it is these arterioles which appear dilated in 
microscopic sections. In all our sections this fact was clearly visible. 
This fact is consistent with those roentgenograms of the chest taken 
during the injection of iodized oil into the jugular vein, which show 
the branch of the pulmonary artery corresponding to the involved lobe 
to be dilated. 

We have given reasons for which we believe that the theories of 
thrombosis and embolism in the capillaries and arterioles of the pneu- 
monic lung should be discarded. Thrombosis in the living human being 
or animal has never been proved nor has an acceptable explanation been 
given of the rapid restitution to normal of such large volumes of the 
pulmonary tissue in uncomplicated pneumonia. 

The theory of compression of the capillaries by intra-alveolar exu- 
date we believe to be no longer tenable. It is clearly shown in our 
photomicrographs that the alveoli filled with exudate are smaller than 
the normal ones. 

The circulator)' impairment in both the atelectatic and the pneumonic 
lung has been shown to be strikingly similar. This would point to a 
similar mechanism of production of such impairment, would explain 
the rapid reestablishment of the capillary circulation after aeration of 
the parenchyma of the lung in both diseases and would explain the 
absence of any marked lesions in the pulmonary tissue after recovery in 
uncomplicated cases. 

These experimental, pathologic and clinical considerations lead us to 
make the following statement ; 

Ciiculatory changes are similar in the compressed atelectatic and 
consolidated (pneumonic) lung. They do not affect the pulmonary 
arterial tree but are exclusively limited to the capillaries. This capil- 
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laiy iinpaiimeiit is not complete, blood in very reduced amounts circu- 
lating" in the affected lung. It is proportionate to the degree of 
atelectasis and is due e.xclusively to the mechanical shrinkage accom- 
panying the process of apneumatosis (atelectasis) — whatever the cause 
of this airlessness niay he. 

coNcnusroNS 

A new method for ibc study ol t}7c srtenal and capillary circu- 
lations in the lung has been presented — intrajugular injections of iodized 
oil for the arterial circulation and Kinger’s solution and india ink for 
the capillary circulation. 

2. Circulation and ventilation of the lung arc parallel functions; 
when ventilation is impaired circulation is decreased, and conversely. 

3. In the compressed, atelectatic (apncumatic) and consolidated 
lung, the circulation is progrcssivelj' impaired. This impairment is due 
to, and regulated by, the degree of collapse of the alveoli, and not to 
capillary thrombosis or capillar}' compression by alveolar exudate as 
heretofore believed. 

4. Lobular pneumonia is comparable to lobular atelectasis and lobar 
pneumonia to lobar atelectasis; the circulatory changes are exactly the 
same, and they arc related to impaired ventilation due to occlusion of a 
lobular or lobar bronchus with exudate; their clinical severity depends 
on the virulence of the microbes concerned. 

5. In pneumonia and atelectasis, strikingly similar pictures are 
obtained so far as the evolution of circulatory impairment is concerned. 

6. Only the capillary circulation is involved. Circulation in the 
pulrnoitar}' arterial tree is not affected. The capillary fnipafnnerrt is not 
complete. 

7. Modifications in the gas exchange in pneumonia (oxygen and 
carbon dioxide) corroborate our experimental observations and theory. 

8. Changes observed in the size of the alveoli in lobar pneumonia 
offer a new proof in favor of views, previously developed, that broncho- 
pneumonia and lobar pneumonia should be considered as the infectious 
variety of patchy or lobar atelectasis, respectively. 
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ABSTRACT OF DISCUSSION 

Dr. Emil Hol.ma.v, San Francisco; As I understand Dr. Coryllos, he found 
no disturbance of the gross injection of the hemorrhagic consolidated lobe. In 
our injections, wc found a definite cutting off of the vessels, a blocking of the 
entire jirccapillary circulatory bed. From his injections, there seems to be no 
difference at all. ° 

Wc did not .study microscopically the areas into which the injections were 
-nde. Vo felt that the filling up of the alveolar spaces and the eSng up S 
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these alveolar spaces resulted in diminished circulation through the capillaries 
of the lung, and certainly through the prccapillarj' circulatory bed. 

Dr. P. N. Cokvli.os, New York: I think that this discrepancy is due to the 
facts that we used iodized oil for our injections, and that we injected it into 
living animals and not dead ones, as in the experiments of Cross, Binger and his 
collaborators, and others. Iodized oil mi.xes with the blood and penetrates down 
into the smallest branches of the pulmonary artery, if the animal survives for 
a sufficient time after the injection. A minimum of from two to three minutes 
seems necessary for a successful injection. It is easy to understand that in injec- 
tions into the pulmonary artery, on the dead animal with radiopaque substances, 
especially in suspension in gelatin, an obstruction of an important branch of the 
pulmonary artery can easily occur. This cause of error is eliminated, we believe, 
when the injections are made into the jugular vein of the living animal, without 
pressure and with a nontoxic substance; this passes through the jugular into the 
right side of the heart, which takes charge of its distribution into the lung. We 
arc thus placed in conditions as near the normal as possible, and therefore we 
believe that the results obtained by this method may be considered as reliable. 



THE SURGICAL TREATMENT .OF BRONCHIAL 

ASTHMA* 

EDGAR W. PHILLIPS, M.D. 

AUT> 

W. J. ilERLE SCOTT, M.D. 

ROCHESTER, N. Y. 

TABLE OF CONTENTS 

The Problem of the Unrelieved Asthmatic Patient 
Mechanism of the Asthmatic Paroxysm 
The Bronchomotor Nerves of the Lungs 
Operations for Bronchial Asthma 
Analysis of Cases Recorded in the Literature 
Report of Case 

Suggestions for Further Investigation 
Condtjsions 

THE PROBLEM OF THE UNRELIEVED ASTHMATIC PATIENT 

The discovery of an allergic basis for certain cases of bronchial 
asthma and their striking cure based on this knowledge present one 
of the most fascinating chapters of modern medicine. However, this 
advance serves by contrast to emphasize the hopeless condition of those 
numerous unfortunate persons whose attacks continue unabated in spite 
of all medical treatment. As in other fields, the failure to relieve such 
sufferers has stimulated a far reaching search for alleviation. Thus, 
recent!)' roentgen treatment has been added to the therapeutic possi- 
bilities for the internist. In certain instances roentgenotherap)'- has 
apparently been effective, but in many cases it, too, has failed. Pioneer 
surgeons also have attempted to solve the problem by using anatomico- 
pbysiologic knowledge developed by experimentation. Although cer- 
tain surgical interventions for the relief of asthma, chiefly those 
directed toward the mobilization of the wall of the chest, date back 
for a considerable period of time, it is only within the last six years that 
an attempt has been made to influence a possible nervous control of the 
paroxysm. In this short interval, however, a number of operations 
have been tried which present important theoretical and practical 
phases. Several hundred cases of bronchial asthma in which operation 
was performed have now iieen mentioned in the literature, and a 
sufficient interval since the earliest of these now exists to allow a careful 
analysis of the results that have been obtained. Although in America 

,! Department of Surgery, the University of Rochester School of 

Mcdieme and Dentistry and the Rochester General Hospital. 
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fundamental contributions on the allergic basis of asthma have been 
made both in the experimental field and in the clinical apidications of 
this knoudedge, scant attention has been paid here to the possibilities 
of surgical assistance. And no adequate survey of the operative treat- 
ment for bronchial asthma is available in the American literature. 
It is our purpose in this paper to consider briefly the theoretical basis 
for such surgical interventions and to analyze the results so far 
obtained. We will discuss the mechanism of the asthmatic attack and 
the innervation of the lung only so far as they directly affect the 
rationale of the operative treatment. We recommend Alexander’s ' 
monograph on bronchial asthma for those interested in a detailed dis- 
cussion of its pathogenesis, and Braeucker's study of the extrinsic pul- 
monary nerves. 

MFXIIANISM OF THE ASTHMATIC PAROXYSM 

In attempting to relieve the paroxi'sms of dyspnea which character- 
ize bronchial asthma by an operation on the extrinsic nerve supply of 
the lungs, it must be admitted at once that theory rather than fact 
is the basis from ivhicb the therap}' originated. It is generally accepted 
that a diminished caliber of the finer air passages is the direct cause of 
the d 3 'spnea. There are three factors that have been considered as 
possibilities in producing such a bronchial narrowing; (1) spasm of 
the intrinsic muscles, (2) mucosal swelling and (3) abnormal secretion. 
(The term “bronchial” here and elsewhere in this paper is used in its 
generic sense. It is intended primarily to signify the site at which 
partial stenosis may occur in the asthmatic paroxysm. The evidence 
is inconclusive whether this-ma}' be chiefly in the small bronchi or in 
the bronchioles.) 

Broticltospasiii. — The oldest theory, namely, bronchospasm, dates 
back at least to the earl}- seventeenth century when Helmont “ sug- 
gested the “drawing together of the smallest bronchi” as the cause of 
the parox)'sm, although the definite demonstration of the bronchial 
muscle came nearly two hundred years later in the classic work of 
Reissiesen ' (1822). After this discovery of a constricting mechanism 
in the respiratory tree, most investigators have taken it for granted 
that muscle spasm plays the predominant role in producing the asthmatic 
attack. This belief has been particularly strengthened by numerous 
experiments showing bronchial constriction on vagus stimulation. The 
original crude but ingenious methods of Wedemeyer in 1828 and 
Williams in 1840® have been verified with greatly refined methods. 
However, when scrutinized from the point of view of proving that 
bronchospasm rather than mucosal swelling is the cause of the asthmatic 
paroxysm, little evidence has been offered. Most of the physiologic 
work in this field has determined only the increased resistance to air 
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niovement, through iho respiratory tree after nerve stinuilation tiiul has 
not proved that nerve iniptilses acted on the l)ronchiolar imiscle. hi 
1922 Huher and Koessler • demonstrated hypertrophy of the hronchial 
muscles in asthma. This, in our ojiinion, is the most ellcctive evidence 
in favor of tlie theory of lironchospa.sin. It is interesting that 
Striimpcll." wlio favored mucosal swelling, stated in ]90iS that the best 
proof of the hronchospastic theory would be such a demonstration. 
]\Iost of the other facts that have been adduced in support of it. such 
as the therapeutic ctTcct of atropine and eiiinejihrine, can ecpially well 
be explained as due to a reaction on the vessels, the mucous membrane 
or the glands of the liner air passages. 

Mucosal Eilcnia. — lnflueuce<l by the character of the niles, Heau,” 
in 1848. suggested mucosal swelling as the cause of the asthmatic 
paroxysm. This has been advocated by Hinckley.’" Striimpell," .Solis- 
Cohen ” and others in correlating the fundamental jiathologic jirocess 
of asthma with that of urticaria and angioneurotic edema. 'I'his tlieory 
received rather .scant attention until the recent important discovery of 
the allergic basis for at least certain types of asthma. Coca par- 
ticularly stressed the i>oint that the outstanding imlbologic le.sion of 
atopy is edema. Con.se<|uenlly. he fell that swelling of tin; mucous 
membrane cannot be lightly dismisse<l. 'I'hcre is little direct evidence 
in its support. Postmortem examinations showing e<lema do not have 
the same weight as the demonstration of tnuscle hypertrophy because 
the former may be ra|)idly j)roduccd as a terminal complication, while 
the latter is evidence of a long continued jtrocess. .Several broncho- 
scopic observers have found muco.s:d congestion and edema during an 
asthmatic paroxysm (Yankauer”' and Ifphriam "). Hecausc of the 
observation of mucosal swelling in the large bronchi, it is inferred that 
a similar condition exi.sts in the .smaller air ])assages. This inference 
is the only basis on which such observations can have any bearing on the 
cause of the paroxysm. 

Secretion . — The characteristic sputum which frerptently accompanies 
or follows a paroxysm of bronchial asthma has caused several authors 
to suggest an abnormal secretion as assisting mucosal swelling in the 
bronchostenosis. Curschmann,’'’ in 1883. suggested that the formed 
elements described by him jdayed an important role in producing 
dyspnea. The exact significance of abnormal .secretion in asthma is not 
known. 

Sunuuary . — Although the controver.sy over the mechanism of the 
asthmatic attack has been going on for a great manv vears, we seem 
no nearer a final decision in favor of any one hypothesis.' In fact, there 
is strong presumptive evidence for each factor; bronchospasm, mucosal 
swelling and abnormal secretion (to a less extent). These factors are 
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probably present together in varying degrees. Consequently, we must 
freely admit that the underlying mechanism which produces the 
paroxysmal dyspnea is not definitely known. But all investigators agree 
that it acts by interfering with the freedom of air movement through 
the finer respiratory passages. 

THE BRONCHOMOTOR XERVES OF THE LUNGS 

All the factors that were discussed in tlie preceding paragraphs 
as possible causes of the asthmatic d^'spnea arc, at least in part, under 
the control of the extrinsic pulmonary nerves. It is this fact that has 
given rise to the hope that nerve interruption might benefit the disease. 
The various operations used have been grounded on the imperfect but 
increasing understanding of the complicated nervous connections and of 
the effects of stimuli traversing them. Consequently, it is important to 
review the present state of the knowledge concerning the anatom}^ and 
])li3'siology of the nerve sujqil^' to the lung. 

The vagus had long been considered the sole hronchomotor nerve of 
the lung. Stimulation of the distal cut end of the vagus causes broncho- 
constriction on the same si<ic (Longet and Dixon and Brodie ”) and 
to a less extent on the opposite side (Weber and Bracucker-). This 
proves bilateral innervation. The specificity of parasympathetic stimu- 
lation in these observations may be questioned, as the experiments on 
which the}' are based were carried out in animals having a combined 
\'agos}'mpathetic trunk. It has been emphasized by Braeucker and 
Kiimmell that, in the dog at least, electrical stimulation limited to the 
vagus can onh' he obtained by application of the electrode to the nerve 
trunk within the skull. They found the result of such a stimulation 
to he usually constriction hut occasionally dilatation or alternating con- 
striction and dilatation. They admitted that this is not definite proof 
of two types of fil3ers in the vagus hut that it might result from a 
difference in the tonus of the intrapulmonary autonomic plexus at 
different times. They regarded this plexus as the direct controlling 
motor center of bronchospasm. 

The role of the sympathetic system in pulmonar\' innervation is 
even less clear. Unfortunately, from the point of view of simplicity, 
the schematic conception of the antagonism supposed to exist between 
the vagus, and the' sympathetic is inadequate to explain the known facts 
of lung innervation. Braeucker - stated that there are as many sympa- 
thetic fibers as vagal entering the posterior pulmonary plexus. Two 
theories are given in explanation of the beneficial effect of sympathetic 
interruption in the treatment of asthma: first, that bronchoconstrictor 
fibers run in the sympathetic chain as well as in the vagus, and second, 
that the sympathetic is the afferent side of a reflex arc. Kuminell’s 
original operation on the extrinsic nerves for asthma was based on the 
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first theory. Dixon and Ransom =‘ obtained hronclioconstiiclKin by 
sympathetic stinudation in cals, and Bracitcker - has amplified this m the 
dog. Papilian and Crnceanu " found in animals a decrease of the 
respiratory volume of one-lialf fur from eight to ten days following 
cervical syinpathectomx or pamtiiig the ganglions with 1 per cent 
nicotine. \Veher'' showed that the Inonclioconstrictor action of pilo- 
carpine was prevented only after section of both vagi and the conical 
cord. Frund='' thought that the vagus and the sunpatlietic rcinesent 
parts of the same vegetative nervous system, divided into tracts by more 
or less casual considerations, an<I one or the other may carrr the piinci- 
pal mass of tonns-sthmilatmg fibers. I here is a wealth of opinion 
but a decided lack of fact in support of the second theori ; namely, 
that the .simpathelic is the atlerenl hnih of a relle.v arc of which the 
\agus forms the efferent or motor portion. Kaess,^' (dascr.- Ilesse,- 
Jungmanu and Bruumg ■” and Wit/el-'' have assumed this theory. 
There is a close parallelism between the relle.x arc hypothesis with 
interruption on the seusori side in hronchial asthma and the corre- 
sponding c.vplanation olTcrcd for the operatiic results in .-mgina i>ectoris. 
Gross anatomic studi of the piilmonarv iienes has long established 
the dual inncnatioii to the lung. The finer histologic iinesligalion has 
shown that the hmg. like all other viscera sigiplied iiith nntonrimic 
motor nerves, has also an intrinsic (and jirobahly automatic) system. 
The anatomic arrangement is most bewildering. The main Imndles 
from the \agns arc joined by numerous minute filaments from the 
sympathetic chain and from other intrathoracic plexuses and redis- 
tributed in a succession of hronchial and submucous jilexuses. It is 
fortunate that appnrciitl) all those extrinsic nerve paths which control 
the caliber of the finer air passages are condensed in the jiosteiior 
pulmonary pIc.Miscs. 

Fontaine and Hermanii preface their experimental study of 
denervation of tlic lung by a good review of the literature concerning 
the nervous structures in tiie lungs and their extrinsic connections. 
Remak,"” in 1840, described separate ganglions among the filier.s of the 
pulmonary plexuses. It was later shown 1)y mam ohseners that some 
of these ganglions are present in the lironchial walls and that there 
is a system of fine nerve fibers connecting them (Kandara/ki and 
LarselD-). Frund-* classified asthma into two groups, de]ieiuliiig on 
the location of the stimulus producing bronchostenosis, (I) extra- 
pulmonary and (2) intrapulmonary, and concluded that operation might 
do good in the first group. Bracuckcr== said that hronchospasm m.ay 
theoretically occur after section of the posterior pulmonary plexus froin 
stimulation of the ganglions in the bronchi cither from the blood or 
through an intrapulmonary reflex arc. Brvining,'”' in 1927, expressed 
himself as favoring an intrapulmonary reflex. ITerrmannsdorfer,"' 
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in discrediting operations on the vegetative system for bronchia! asthma, 
stated that the maiy allergens which can induce asthma do so without 
invoking the extrinsic vagosympathetic mechanism. The success of 
nerve-interrupting ojrerations in the treatment for bronchial asthma 
rests chief]}' on the hj-pothesis that the activating agent of the broncho- 
stenosis does not produce its effect by a direct action on tire bronchial 
mucosa or t!ie periplieral nerve mechanism. 

The man\' good and lasting results obtained seem to us strong evi- 
dence that in certain instances interruption of extrinsic nerve con- 



Fig. 1. — Schematic representation of the participation of both the sympathetic 
and the vagus fibers from tlie same side and from the opposite side in the forma- 
tion of the posterior pulmonary plexus (according to Braeucker’s experiments). 

duction interferes with subsequent bronchostenosis. It is not known 
whether this acts by disconnecting the intrapuhnonary muscles, vessels 
and glands from the central nervous system or bt' modifying in some 
manner the action of the intrinsic nerves. 

Summary . — ^The role played by the extrinsic nerves of the lung in 
an asthmatic parox3'sm is no clearer than is the local condition in the 
air passages that actually produces the stenosis. It is fair to state that 
there seems to be a bisystem, bilateral nerve supply to each lung, the 
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tracts of which are carried throutth the vajtiis and tlie sympathetic 
systems (fig. 1 ). Tlie preponderance of opinion is in favor of the vagus 
as the main bronchomotor nerve. 1 here is amide evidence that bronclio- 
stcnotic fibers are also carried over the sympathetic. J h.it the srmpa- 
tlietic fibers are the inner or afierent side of a reflex arc is theoretically 
attractive without many known facts for its foundation. 


0!M:KATI0NS KOK IIKO.N'CHIAI. ASTIi.MA 

Opcivlions oil the I'.xli'iiish' Xt'i'x'cs of the Liiiif/. In 192,'), Kihn- 
meir“ surprised the surgical world by reporting immediate relief 
following the first intervention on the extrinsic nerve su])ply of the 
lung for bronchial asthma, lie based his oj)eration on the attc'inpt 
to reduce bronchospasm by a <lecrease in motor innervation. Me realize<i 
that the vagus was the chief motor nerve to the lung but feared the 
consequences of cutting it. Therefore, believing that some of the 
motor fibers of the vagus passed to the lung over the symp.'ithetic, he 
performed a unilateral cervical sympathectomy. He a))parently thought 
that in this way he would diminish the bronchospasm by weakening its 
innervation. Rraeuckcr - in Kiimmeirs clinic then conducted anatomic 
and physiologic studies on the motor nerve i)aths to the lung. He foinid 
that stimulation of either the vagus or the .sympathetic caused, at least 
at times, an increased resistance to the interchange of air. In other 
words this effect, commonly regarded as proof of bronchospasm, is 
represented in l)oth systems. These data offer a more reasonable 
explanation for a possi!)le diminution in the motor innervation following 
sympathectomy, and this explanation has iieen ailoi)ted by Kumniell."" 

Stimulated by the extremely optimistic report of KummeH’s first 
series many German, Russian and French surgeons began removing 
various parts of the cervicothoracic sympathetic .system. As would 
be expected from such a wave of enthusiasm for an entirely new method 
of attacking asthma, the most varied results were recorded. Most of 
the brief reports of a few isolated cases that appeared in 1924 and 
1925, though probably of some use at that time, are of practically no 
value in analyzing the operative results. They were prepared with too 
little data in regard to the conditions j)rescnt. .An even more unfortu- 
nate occurrence, the patients reported had been followed for too .short 
an interval, in some instances only two weeks and usually not more 
than four months. Under such conditions it is obvious that many 
operations were carried out in entirely unsuitable cases, as, for example, 
instances of dyspnea due to cardiac insufficiency or to glandular involve- 
ment at the hilum. Also, the degree of completeness with which the 
sympathetic paths to the lung were interrupted was extremely variable. 
Even from the scant descriptions given of the operative technic, it was 
clear that many of these sympathectomies were incomplete. Even if 
complete removal of the stellate ganglion is achieved, sympathetic stimu- 
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lation reaches tlic hoiiiolatcral king, as the rami communicantes send 
fibers to it from as low as the fourth thoracic root (Braeucker =). 
One of the most striking facts about interventions on the sympathetic 
system for asthma has been the absolute divergence of their results in 
cHlferent clinics. Some investigators reported most encouraging results, 
while others saw no lasting benefit. Probably the selection of cases 
accounts for part of these differences. It seems to us impossible, how- 
ever, to reconcile the complete lack of success of some with the brilliant 
and lasting results obtained by several in certain desperate cases except 
on the basis of incomplete application of the methods and technic 
advocated by the originators of these operations. On the other hand, 
it is equally obvious that s}-mpathcctomy is not a panacea for the relief 
of ail dyspnea or even of al! cases of idiopathic bronchial asthma. 

Kiimmell rcmo\’cd the cervical sympathetic chain together with 
as much of the stellate ganglion as he could reach. Leriche and 
Fontaine,'"'’ on the other hand, felt that there ivas no necessitj' of 
removing more than the stellate ganglion. The}' operated through a 
cervical incision, though they suggested a thoracic attack on the sympa- 
thetic communications to the lung. So far as we have been able to 
ascertain, the}' have ne\'er carried out the latter procedure 

In a few instances bilateral cervical s}'mpathectomy has been per- 
formed either at one sitting or with a short interval. The rationale of 
this procedure is that unilateral sympathectomy affects chief!}' the nerve 
paths of the homolateral lung; consequently, the conditions on the 
other side are slightly changed. The year following Kiimmell’s first 
sympathectomy, Kappis reported equall}' encouraging immediate 
results from vagotoni}' on the right side below the point of emergence 
of the recurrent lar}'ngcal nerve. More than 100 patients have been 
operated on in this manner. Unfortunately, the results of vagotomy 
have never been reported as fully as those of sympathectomy. In 1924, 
Kappis stated that a sufficient number of patients had then been operated 
on both by sympathectomy and by vagotomy on which as a basis the 
results of these interventions could well be estimated in three or four 
}'ears. Although this period of time has elapsed, as far as we can 
find such a report has not been published from his clinic. However, 
from the scant figures available, vagotomy results successfully in many 
instances. We now have the unusual phenomenon that interruption 
of either of two nerve pathways that were originally supposed to have 
predominant!}' antagonistic motor effects on the lung produce the 
same result in the relief of asthma. When this discrepancy became 
evident many investigators attempted to explain it on the basis of a 
reflex arc, of which the sympathetic is the afferent limb and the vagus 
the efferent. 

Patients in whom either vagotomy or sympathectomy has failed have 
been treated by subsequent intervention on the other system, or in the 
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case of the sympathetic system on the other side. 'Ihouydi occasionally 
the treatment is a brilliant success, the majority of rei^rls .sliow tins 
group to have the most clisapiiointing results. 'Idiis i.s ])robal)ly due to 
the fact that included in it are all tho.se cases in which relief cannot 
be obtained by operations on the extrinsic nerves. On the other hand, 
there is a small group in which both sy.stenis have been interrupted 
primarily. If the effect of intervention is the relief of bronchospasm 
and if the latter has a bisy.slem control, then such a removal of the 
nerve pathways of both s)’stcms is more logical than the inteirnjilion 
of either one alone. Or, if the beneficial ellect of oper.ation lies in the 
breaking of a reflex arc which has complicated inulliple aflerent and 
efferent paths, then the interruption of both .sensory and motor channels 
is more likely to reduce the stimuli getting back to the lung tlian are 
operations on only one system. In short, if interru])tion on eillier the 
sympathetic or the vagus nerve is sometimes curative, sometimes 
ineffective, but frequently partially beneficial, then it seems reasonable 
that to combine these procedures may result in gre.ater improvement 
than is obtained from cither one alone. 

Basing his observations on the experimental stwlies of Braeucker, 
Ktimmell. in 1926, reported the isolation and section of the jiosterior 
pulmonary rami in asthmatic patients. According to the experimental 
work in animals, it was believed that by this operation all extrinsic 
control of hronchiolar constriction in one lung from both systems and 
from both si<lcs was removed. As far as we can determine, in only 
three cases mentioned in the literalnre has this operation been per- 
formed with apparently good immediate results, though their final 
status requires a later report. .-\s Kummcll said, on a carcftilly con- 
structed preparation of the vagus and syin])atlietic fibers, one can .see 
how they combine into one individual complc.x. This is the point at 
which the separation must take place to effect a maximum area of 
nonconductance (fig. 2). In this manner, akso, the nerve supply to 
no other organ is involved. This is a point which is probably of no 
great importance for any one intervention hut which may well be 
significant if the several nerve paths that contrilnitc to this plexus had 
to be divided separately. Under this heading, then, we consider two 
different groups. In the first of these, the combined intervention is 
carried out because of the previous failure of a simpler one, and the 
outlook is not promising. In the other group, both systems are inter- 
rupted primarily because this is tliought to be a logical procedure and 
the probabilities of relief seem more promising. 

In addition to the foregoing operations which have been carried 
out and to that proposed by Leriche and Fontaine which has been 
mentioned, Danielopolu =■ proposed a most complicated procedure of 
ramisection. ^ It was designed to interrupt the sympathetic communi- 
cations passing to the lung through the stellate ganglion while this 
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structure was conseived. One has only to read the description of this 
procedure to realize that it will probably never be carried out. 

Operations on the Chest Wall. — ^W. A. Freund was the first 
to suggest an operation to increase mobilization in the einph\-seinatous 
type of chest, variously described as the rigid or fixed thorax. This was 
accomplished by a unilateral chondrectomy of a wirying number of the 
costal cartilages, thus making it possible for increased excursion. 
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Fig. 2. — The extrinsic nerves to the left lung, showing the formation of the 
posterior pulmonary plexus, cliiefly from branches arising from the main trunk 
of the vagus and joined by sympathetic fibers. From Spalteholz. 


According to Bircher,®“ Freund’s operation increases the vital capacity 
about 500 or 700 cc., on the average, while Heuer referred to a 
maximal increase of 100 per cent. In one case, Bircher found chest 
expansion 10 cm. greater following unilateral excision of the second to 
the seventh cartilages. In 1918, he reported thirty cases of chondrec- 
toiny in which the patients had been under observation for several 
3 'ears, with the following results; cured (free from asthma and 
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hvouchitis), 20 per cent: improved (lighter niul Ics^ frapienl attach^: 
able to work). 63 per cent; unimproved, 13 per cent : died. 3 per cent. 
Heuer assembled from the iitcratuve up to 1917 rciwrts of about sixty 
cases in which Freund's operation had been earned out. Many of 
these showed recurrence of .symptoms as fixation was reestablished. 
Although the jiatients were operated on by tlie old tecliiiic without 
destruction of the perichondrium, a few were still imiiroved after tliree 
years. Failure, which occurred in the majority of these older patients and 
in some of Bircher's. was due to the reformation of the costa! cartilages 
and consequent ankylosis at the point of resection. Several methods to 
prevent regeneration of cartilage were referred to by Bircher.’ ' Seidel 
advised the imjilantation of a muscle flap from the jiectondis major: 
Hoffmann covered the ends of the rib with ]ierichoii<lrium : Axltatisen 
destroyed the latter willi the cautery, and Bircher himself advised 
painting with cariiolic acid. Several authors have mentioned the 
removal of the perichondrium, imt this .seems to us a more tlifficult 
method than inhibiting regeneration by the jiroper chemical cauter- 
ization. The work of Head “ on the jirevention of rih regeneration hy 
the use of Zenker’s solntion suggests its applicahililj- in cltond recti uny. 

It seems parado.xic to suggest a posterior paraverleliral thora- 
coplasty to increase llic inobilit) of the heinitliorax in tlie treatment of 
asthma and emphysema when the same operation is us^d to iiicretise 
chest fixation in pulmonary tuherculosis. We will agree with Voelcker *- 
that a columnar posterior paravertebral thoracoplasty will change the 
direction of the ribs from the transverse iiositicm characteristic of 
empln-sema to the downward slanting position of a normal chest or even 
to an exaggeration of the latter. However, thi.s change of the angle 
of the ribs is accoinplisbcd at the expen.se of diminislicd chest capacity 
and ultimate increased fixation of the side operated on. Herrmanns- 
dorfer=^ described a resection of the left second costal cartilage with 
anterior mediastinolomy for bronchial asthma. M'c do not see how 
this procedure would benefit the condition. This surgeon reported 
another operation in which an excresis of the third to the seventh inter- 
costal nerves on one side was combined with corresponding resection 
of the ribs. Such a procedure, like the jiostcrior paravertebral thora- 
coplasty, decreases the sue of the chest and increases its fixation. Inter- 
costalectomy was used by WarstaV in 1917 to diminisli mm-ement of 
the hmg in the treatment of chronic jnilmonary tuberculosis. There- 
fore, these three operations suggested by Voelcker and Herrmannsdorfer 
seem to us irrational when applied to the treatment of asthma. Flirsch- 
berg« devised an operation to increase respiratory movements bv a 
transverse division of the sternum between the .secom! and third costal 
cartilages. He claimed an increase in vital capacity of from 400 to 
500 cc. Braun « reported a case of emphysema in which tliis pro- 
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ccclure produced relief and in which the condition had recurred follow- 
ing the older method of chondrectomy. This operation does not appeal 
to us as a substitute for chondrectoni}' with destruction of the peri- 
chondrium. 

Misccllaticoiis Operations. — Several 3 ''ears ago, operations on the 
nose and throat had a great vogue in the treatment for bronchial 
asthma. The removal of part of one turbinate or the correction of 
some other slight abnormality in this region were among the first 
therapeutic attacks in a new’ case. There is little doubt that any irri- 
tative or infectious focus in the upper respiratory tract should be 
eradicated. Possibly in this waj' some patients in whom the condition 
appeared to be true bronchial asthma have been relieved. However, 
the accumulated experience both of the internist and of the rhino- 
laryngologist has shown that the vast majority of asthmatic patients 
receive no permanent benefit from such procedures. Thus, Sluder 
stated that removal of polyps, resection of the nasal septum and treat- 
ment of the anterior nasal cells has never influenced asthma in his 
cases. Sterling '' carelully reviewed the relationship of asthma to 
operations on the nose and throat and reported an analysis of 300 per- 
sonal cases studied from this point of view. In 36 per cent of them, 
corrective operations were performed on the nose and throat for 
troubles which the j^atients as well as their family physicians considered 
to be the cause of the asthmatic syndrome. Only three of these 
115 patients were free from asthma for two years following such opera- 
tive intervention. In the rest, there was no effect on the asthmatic 
parox 3 ’sms. Rowe limited the indications for operations on the nose 
and throat to the removal of infections detrimental to the general health. 
The latter is obviouslv indicated, and possibh’ certain lesions which 
might pla 3 ' the role of an irritative focus should be remoi'ed. However, 
a special examination of the nose and throat with corrections of such 
abnormalities as are reall 3 " indicated is a part of the thorough investi- 
gation and medical treatment of the asthmatic patients which must be 
carried out in all instances before aity operative procedures on the 
extrinsic nerves is considered. 

Operations on the thyroid gland are in the same category. Obvi- 
ousl 3 ^, if an 3 ' part of the respirator 3 ' tree is encroached on in such a wa\ 
as to diminish its lumen, this difficult 3 " should be corrected if possible 
before the case is considered one of bronchial asthma. Paroxysina 
dyspnea in the presence of a goiter should not be considered as 
idiopathic bronchial asthma until the continuance of respiratory di 
culty has been demonstrated to persist after the correction of the 
tracheal compression. Likewise, certain instances of improvement ni 
so-called bronchial asthma follorving roentgen therap 3 ' seem to us 
probably due to its effect on enlarged tracheobronchial glands. Spleue<^ 
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toiny has been suggested for bronchial asthma by a Russian, llvnekd ' 
in 1927. (Tliis article was not available to us.) We have had no 
experience with this operation in asthma. Drey and I-ossen after 
accidentally discovering improvement of coexistent bronchial asthma 
following irradiation of the .spleen for leukemia suggested a similar 
treatment for all asthmatic patients. A few oi^limistic results have been 
recorded bv them and others. 'J'he history of therapy in asihm.i is 
replete with measures that have been used for a time, only to lie found 
worthless later. This is well illustrated by ]’hilli[) who in 
reported twenty or thirty cures by the simple application of the galvanic 
current. The excessive enthusiasm which was first aroused by ner\’e 


T.uilk 1. — O/'t'rallpns 


I. 


Operations on llie Xxlrln'ic Xervo.-' tlio t.tinr 


S.vmpanic!ir System 

1. Unilateral eerr'lcal syinpatliectotny 

stellate cancUonl 

2. Stellate Kancllonectoms' (I/rlclie) 

3. 13ilnter.ll cervical fsiiipallieclmiiy 


(Kflinmell) 


(Ineliliiin); 


tnote or !<'“ 


ot tin- 


B. Vagus 

1. UniKiteral vngotouiy <KnppI«) 

C. Combined Systems 

1. Unilateral or bilateral .‘j'liipallieeloiiiy pin* imllaternl vayotomy 

2. Posterior pulmonary [ile.xu« rereetlon (KUmmell) 

D. Proposed Operation' (not cnrriei! out n' far a' known) 

1. Ramlsectlon of ttic first four tlioraelc rami eoinm>!nranl< s (Icrirbe) 

2. Cervical .'jTiipatbeetoiiiy, severliit: all libers of vnyii' and Mil“-r!or larjiiyial 

nerves entering the thorny, rutting rami eommimlpali'^ ronn'vtltiir the liifoior 
cervical yanglinn nllh Ilie first tlioracle nerve and viUi tlie sKtli. sev.ntli and 
eightli cendcal nerves (Danlelopolii) 


n. Operations on tlie Wail of tlio Chot 

1. ChoDdrectomy (Froundl 

2. Posterior paravertebral tlior.ieopla'ty (Voelcker) 

3. Anterior medlusilnoUiiny flicmnannsdcirter) 

4. K.veneis of interco-tal nerve- to 7. idn- rib ri~e'tl<>n 3 to 7 (Ilrmiiatuodorter) 

5. Transverse division of tUe sternum betwivn the second and tliird cattllnKe' 

(Hirsclibcrg) 


Ill.lfiscellancous Operations 

1. Xose and tliroat, thyroid, etc. 

2. Splenectomy 


resection, for example, is uo indiciition that it will ultimately have a 
definite place in the treatment of asthma. However, there seems to be 
little theoretically to recommend the possibility of preventing the 
asthmatic paroxysm by removal of the spleen. We feel that resection 
of the extrinsic nerves offers much more as an experimental oiieration 
than splenectomy or the removal of any other visceral organ. 

Table 1 shows the more important operations suggested for the 
treatment of bronchial asthma. It is seen in going over this table that 
in grouping the cases a condensation into a simplified system is desir- 
able. In fact, if each variation of operation on the sympatlictic nervous 
system carried out by the individual operators was classified separately, 
the list of operations would be nearly as long as the list of operators. 
Consequently, we propose the simplified classification given in table 2 
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as a basis for studying the results of operative procedures in bronchial 
asthma. 

ANALYSIS OF CASES RECORDED IN THE LITERATURE 
Although the points described in the previous sections are of 
theoretical interest and frequently suggest rational therajiy, the final 
test of any measure undertaken is the relief obtained from the asthmatic 
paroxysms. Does intervention on the extrinsic nerves offer any hope 
for those sufferers who have not been relieved by all of the usual 
medical methods, including particularly those of allergy? The results 
already obtained should be our guide in further efforts along this line. 
As recorded in the literature, in several hundred cases of bronchial 
asthma operations have already been performed on either the sympa- 
thetic or the parasj’mpathetic S 3 'steni. JUnfortunatel}^, most of these 
have been inadequately reported. With the wave of enthusiasm that 
followed the pioneer work of Kiimmell and Kappis in this field, many 
surgeons hastened to record a few cases without allowing an interval 

Tablc 2. — Basis for Studying Results of Operative Procedures in Bronchial 

Asthma 


1. Interruption of the sympntlictic 

2. Interruption of the vngus 

3. Interruption of botli sympntlietlc and vagus 

A. Primary 

D. Secondary (previous operative failures) 

4. Restoration of respiratory exeiirsion 


sufficient to judge of the results. We feel that six months is the short- 
est period that makes the case worth}' of any consideration in a sta- 
tistical study. The majority of these cases followed this long are 
reported only in groups without details. This is a particularly unfortu- 
nate circumstance in bronchial asthma, because during this period many 
instances of dyspnea due to cardiac disease, to enlargement of the 
tracheal glands, or to other extraneous causes were undoubtedly 
included in the group in which operation was performed. A careful 
search of the literature, in fact, reveals only 29 detailed cases out of . 
more than 300 patients operated on in which the results six months 
after operation are stated. We have assembled these in table 3. 

It has seemed to us desirable to study the results collected from 
the literature in two different ways; (1) the assembly in a table of all 
cases reported in detail in which the result at least six months after 
operation is given; (2) the presentation of the statistics from the few 
clinics that have reported a considerable experience with these opera- 
tions. As a matter of fact, it will be found that these two methods of 
anal 3 ’tical stud}' lead to similar general conclusions. Each of them has 
certain points of advantage. The table of assorted cases has the obvious 
disadvantage that it is not a representative cross-section of the experi- 
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ence with these operations. In general, tiie .snccessful e.nse is much 
more apt to be reported than the unsuccessful one. On the other hand, 
it can be fairlv contended that an ojreration so intricate in Us lechmc 
as the total removal of the stellate ganglion, attempted by a large 
group of surgeons without particular experience along tins line, will 
result in a high percentage of incomplete veniovals, 1 hough both 
of these points are valid, still the case reports arc of definite vidite 
and have the merit of being collected from a variety of sources. 'I'he 
chief objection to the second method is that the entlnisiasm or irrejudice 
of the particular clinic may color the expression of the results obtained. 
However, this method has the especial merit that it presents .dl of the 
results of a fairlv extensive series and that it shows the disadv.intagcs 
and complications as well as the advantages. 1 he conclusions obt. lined 
from these two methods of study will he correlated. Only twenty-nine 
cases have been found .acceptable for detailed analysis of results in 
bronchial asthma following operations on tlie vagus and the sympa- 
thetic nerves. 

Table 4 is a resume of the results in the individual cases included 
in table 3. 

We may summarize, then, by stating that liiere are a few brilliant 
cures in extremely severe forms of asthma. Roughly, one half of the 
patients have been definitely imjtrovcd. while frequently the otlier half, 
after temporary improvement, arc in no better condition than before 
operation. The (laticnts who were cured have been followed on the 
average almost two years. In .some of tlicse liic condition may. of 
course, recur at a later date. However, when it is realized tlial in 
these patients the condition was, almost without exception, hopclc.s.s 
from the medical standpoint and that nothing was done to relieve the 
severe emphysema usually ])rcscnt, tins is not altogetlicr a <iisconraging 
outlook for the further trial of the operative method. L'ndouhtcdiv. 
a number of cases arc excluded from the table on account of lack of 
the sufficiently long postoperative interval, in which the asthmatic 
attacks had already recurred. These arc balanced. liowe\-er. 1)\' a 
number of promising cases that bad not been followed long enough to 
be included. Also, the occurrence of attacks for a .short period after 
operation is compatible witii ultimate relief as is shown in some of the 
cases cited. Furthermore, in a great many instances sympathectomy 
had been carried out on only one side. A number of cxamjdcs are 
found in the table in which unilateral sympathectomy was followed bv 
recurrence, while a similar procedure on the second .side produced coni- 
plete disappearance of the asthmatic paroxysms. 

Turning from the disappointingly small number of cases reported in 
sufficient detail to permit individual study, we now review the results 
reported from individual clinics in which twenty or more operations 



Table 3. — Results of Extrinsic Nerve Operations in Individual Cases (From the Literature) 
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for bronchial asthma are recorded. Pro!)ahIy this gives us a more 
accurate concejrtion of what can he expected from intervention on the 
extrinsic nerves. There are four rather extensive series in which nearly 
all of the patients have l)een followed for more than a j'ear, and in 
some the earliest oj)erations were jrerformed five years previous to the 
re])ort. Gobell,"- who had presented the most e.xtcnsive series, had 
intended to wait until fir^e vear.s had elapsed since operation in bis 
cases, hut at the request of Lengemann summarized his results in 
June, 1928, in a symposium before the Association of Northwest 
German Surgeons. Although he had operated on 112 patients, he 
reported the results in onlv 98 of these. Consequently, though we do 
not know the average length of time the patients have been followed, 
it is seen that for a number of them the period of observation has 
been more than four 3 'ears and that the ones operated on most recently 
have been excluded from consideration. Lengemann's series, pre- 

Tahle 4. — Resume of Results hi Cases Included in Tabic 3 


Ciirp 

8 cuscs, or 2S per cent 

Observed an uverngc of 
24 luontlis 


2 cases 3 years or over 

2 cases 2 years or over 

2 cnses 1 year or over 

2 cascs Oiiiontlis or over 


Total Cn.<!es, 29 
Iiiiproveil 

6 cases, or J7 per cent 

Obsen’ed an avernge o£ 
15 months 


1 cu.sc 2 years or over 

1 case 1 year or over 

3 cases (> months or over 


' » 

Unimproved 
1C Cttsos, or 35 per cent 
Observed an nvern go of . 
11 months 

Tenses 1 year or over 

9 cases 0 months or over 


sented at the same meeting, is of particular merit in regard to the length 
of time elapsed since ojieration. He brought out the comparison 

between his results iiublished in 1925 and those in the same cases two 
and a half years later. These two series furnish a fairly accurate 
history of patients who have undergone such operations. It is par- 
ticularly disappointing that the two originators of the principal 
operations on the nerves, Kumniell and Kappis, have not seen fit 
as yet to give a careful statistical study of their results. Kiim- 
mell,®'* in the aforementioned symposium, made an impassioned 
appeal in favor of operation on the nerves. However, he con- 
tented himself with an elusive statement in regard to his results, 
to the effect that he had about 40 per cent cures and that a total 
of about 70 per cent of the patients operated on were improved. 
He made no statement as to the interval of observation. In 1924. 
Kappis stated ; “Of our patients operated with vagus division the 
large part after operation are freed from asthma . . . and only a 

few have not been improved.” At that time, he stated that a sufficient 
number of patients had been operated on by sympathetic and vagus 
division to determine the value of these procedures by studying the 
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results after two or three years. In spite of a careful .search, we have 
been unable to find any subsequent report on this subject from his 
clinic. In his discussion, Kiininiell upbraided Kapjiis along with hrvind, 
Lengemann and others for expressing ihemsclvcs less enthusiastically 
than three or four years previously. This is the only suggestion of 
a i-ecent opinion by Kappis that we have found. If we had available 
a careful study of the results of Kiimnicirs and Kap])is' operations 
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during the years 1923 and 1924, our task of evaluating the procedures 
would be easier. The series recorded in table 5 give the results in 
211 cases after a moderately long inten^al. While there is a variation 
from series to series in the exact proportion of (1) those who are 
sytnptom-free, (2) those who are improved, and (3) those who are 
unimproved, there is a surprising correspondence between the figures 
so obtained and those which we found by analysis in the cases reported 
in detail. Thus, of the 211 patients, 30 per cent are reported as cured • 
per cent as improved ; 45 per cent as unimproved and 7 per cent as 
unknown, with 1 per cent mortality. In no individual scries is the 



1444 


ARCHIVES OF SURGERY 


percentage of impioved patients below 30 pei cent Summarizing the 
results reported in the literature, one finds that a few of the patients 
have had remaikable relief from a most serious asthmatic condition 
About one third of the jiatients are completel}' relieved for the period 
of observation varj'ing fiom six months to five years Including these, 
about half of the patients have been definitely improved while half ha^e 
been unimproved 

In selecting the cases for anal 3 ’sis, we have investigated all reported 
instances of such operations that we could find We excluded a laige 
number as unsatisfactoiy chieflj' because a sufficient period of post- 
operative obserr'ation Avas not stated In a few instances, we did not 
have access to the original aiticles (chiefij' Russian) Leder and 
Orth mentioned the report of some other cases apparently gnen 
befoie local medical societies which were not included in the indexes 
of medical literature The latter are included after the authors’ names 
The following is the list of these cases excluded fiom oui statistical 
analysis 

Bottner, two additional cases, Med Khn 21:197, 1924 

Brschosowki, three cases, Nowj Chirurg Arch, 1925 no 81 

Erkes, one case Centralbl f Cliir 53:718, 1926 

Ewojan, nine cases, no reference, quoted bj Orth 

Fisban, one case no reference, quoted bj Leder 

Flocken, four cases Arch f khn Cliir 130:68, 1924 

Frund, one case, Beitr 7 khn Chir 136:58, 1926 

Von Genersich, one case, Khn Wchnscbr 3:2011, 1924 

Grekow', six cases, Cong russe de chir, 1925, quoted bs Leder 

Heile, one case, Centralbl f Chir 51:862, 1924 

Hesse, two additional cases, Beitr f khn Chir 136:429, 1926 

Ischpama, two cases, Japan M World 5:289, 1925 

Jenckel, three cases, Centralbl f Chir 51:897, 1924 

Jungmaiin and Bruning, three cases, Khn Wchnschr 3:399, 1924 

Kappis, five cases, Med Khn 20:1347, 1924 

Karditz, one case, no reference , quoted by Orth 

Kern, one case, Surg Gynec Obst 42:28, 1926 

Kroll, three additional cases, Deutsche med Wchnschr 53:1328, 1927 

Kummell, three cases, Khn Wchnschr 2:1825, 1923 

Kummell, Jr, eight additional cases, Beitr z khn Chir 132:249, 1924 

Lawen, one case, Arztl Vereign z Marburg Feb 21, 1924, quoted by Leder 

Leriche and Fontaine, one additional case. Bull etmem nat de chir 54:600 1928 

Lewit, SIX cases, Cong russe de chir , 1925, quoted by Leder 

Mandelbaum, eight cases, no references , quoted by Orth 

Mirizzi, one case, Semana med 1:930, 1925 

Mravanadre, fi\e cases, no reference, quoted by Orth 

Orth, two cases, Vereinsbl d pfalz Aerzte 5:318, 1928 

Osohy, two cases, no reference, quoted by Orth 

Neuber, one case, no reference, quoted by Leder 

Radice, three cases, Ann ital di chir 3:9, 1924 
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Relibeiu, otic case, Miinclicn med Wchnscbr. 72:1885, !92.i 
Rhode, one case, Arch f him. Chir 139:669, 1926 
Rmgcl, si\ cases, Cong allcniand dc chir, 1924; quoted In Lcdcr. 

Popke, throe cases. Arch f khn Chir 133:148,1924 
Rothfuchs, tliree cases, Ccntralhl f Cliir. 51:90.5,2924 
Sancrbruch, two cases. Arch f. khn. Chir 133:277, 1924. 

Schulre, two cases, no reference, quoted b\ Orth. 

Silbcrger, two cases, no reference, quoted In Orth 
Svjatudiin, two cases, no reference, quoted in Orth 
Wiiiterwitz, one case, no reference, quoted b> Ledcr. 

W'ltzel,-^ in a footnote m 1925, spoke of forty cases but did not 
gue details. 

Bruning'’- mentioned twenty-six cases without details in the <lis- 
ciission of Kroll's report before the Berlin Surgical Society in 1927. 

Kappis^" spoke of tagotoni) performed on a great many jiatients 
but has ne\er e\en published the total number or given anv detailed 
report of the results 

In regard to the operation of choice, it seems to us tiiat tlie statistical 
evidence is still too scanty for one to arrive at any final opinion, Tlie 
patients in whom vagotonu alone was performed make the poorc'-t 
showing of any large group. In fifty cases, 2.3 per cent have shown 
improvement. Without Kappis' results, it is difficult to decide on the 
value of this procedure. When used alone it seems to be less satis- 
factory than when combined with intervention on the sympathetic or 
than when the latter alone is done The most favorable results rciiorted 
m any extensive group arc those of Gobell Curiously enough, the 
percentages of his symptom-free cases are practically the same (from 
42 to 50) following (1) double sympathectomy, (2) unilateral svmpa- 
thectomy plus vagotomy and (3) double sympathectomy plus vagotomy. 
Gobell concluded that unilateral .sympathectomy is not followed by any 
lasting success. This certainly seems erroneous as some of the most 
brilliant results have followed unilateral sympathectomy; for c.vami>Ie. 
three patients of Kummell’s'^^ who in 1927 had been symptom-free for 
three years and the two m Leriche and Fontaine’s ”= 1928 report, 
relieved for two and a half and three years, respectively. 

It is evident from studying some of the cases reported that a 
short interval of time is worthless as an index of the ultimate result. 
Fiequently. a patient will improve for several weeks or months only 
to have a relapse. Case 12 from table 3 illustrates the fallacy of 
accepting as short a period of time as three months, as did Leder ='■ 
in determining the result of operation. We hav'e arbitrarily chosen 
six months as the minimum interval making the case worthy of studv. 
In this analysis, vve have stated as accurately as possible the interval 
following operation Any one who chooses a longer interval for esti- 
mating results may do so from these statistics. We believe three years 
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at least should be the period of freedom following operation before 
we may speak of a cure of bronchial asthma. However, if at this 
time we took such a period there would I)e few cases available for 
analysis, though it is certain that several patients with bronchial asthma 
have been relieved for more than four 3 'ears. A comparison of the 
two. series of Lengemann ““ illustrates the danger of assuming a cure 
after a few months. But this equally demonstrates that even after 
another interval of more than two and a half years, 30 per cent of the 
patients still show improvement. Bruning’s position seems to us too 
conservative. As a matter of fact, his results as given in the discussion 
of Kroll’s paper in 1927 correspond well with those obtained by other 
operators. At that time he stated that he would regard one third of his 
results as final cures if he had not seen relapses occur in many cases 
after a greater interval. It is possible that a relapse will occur in an 
occasional case after two or three years of freedom from S 3 'mptoms, 
but we feel that this must Ije unusual. 

REPORT OF CASE 

Our interest in extrinsic nerve intervention in bronchial asthma was 
stimulated by the reports of Kummell.-® The case which we report here 
immediately suggested itself to us as a suitable one for attempted 
surgical relief. As the record shows, the patient had suffered from 
severe asthma for a number of 3 'ears and was unrelieved by all of the 
usual types of medical treatment. He was found sensitive to more than 
fifty different proteins, and antiallergic measures were also unsuccessful. 
He was unable to work and spent long periods in the hospital. The 
fact that surgical intervention in the treatment of asthma was still 
in the experimental stage was explained to him, and after careful 
consideration he came to us asking for the operation. 

We chose resection of the posterior pulmonar 3 ' rami as the most 
logical operation. Section at this point interrupts the fibers controlling 
the finer air passages from both the vagus and the sympathetic including 
those crossing from the opposite side. 

History. — W. T., a clothing cutter, aged 36, was admitted to the Rochester 
General Hospital on Aug. 23, 1928. The family and past histories were entirely 
negative for asthma or other allergic manifestations. He began having asthma 
in June, 1918, while serving in the United States Army at Kelly Field, Te.xas. 
Following a period of about seven weeks’ hospitalization, he was discharged from 
the army for physical disability because of his asthma. Since that time, he has not 
been free from attacks for more than a week. The frequency and severity have 
progressively increased. About three years before admission, he had to stop work 
on account of them. He complained of shortness of breath at all times, worse 
when lying down. He was subject to frequent smothering spells and many nights 
sat up in a chair for hours at a time because of shortness of breath. He did not 
consider this severe enough to call it an attack of asthma. He had a chronic 
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88 when he was sitting, and 88 when he was standing. The pulse was regular in 
rate and rhythm. The blood pressure was 1 16 systolic ; 77 diastolic. The radial 
arteries were not sclerotic. 

Laboratory TT.vaniiiiatioiir.— Urinalysis was repeatedly negative. The blood 
showed white cells, 7,000; hemoglobin, 82 per cent; red blood cells, 4,464,000; 
diflfercntial polymorphonuclear neutrophils, 6S per cent; polymorphonuclear 
eosinophils, 8 per cent; lymphocytes, 32 per cent. The Wassermann reaction of 
the blood was repeatedly negative. 

The blood chemical determination showed : nonprotein nitrogen, 35 mg. per 
hundred cubic centimeters; chlorides (whole blood), 510 mg. per hundred cubic 
centimeters ; sugar, 120 mg. per hundred cubic centimeters. The sputum was 
repeatedly negative for tubercle bacilli. The electrocardiographic report showed a 
negative tracing. The vital capacity was 4,850 cc. (a 26 per cent increase over 
the normal for the patient’s weight and height). 

Table 6. — Positive Reactions to Shin Tests 


Vegetnblcs 

Fruits 

Apparngiis 

Pencil 

String beans 

Apple 

KMncy beans 

Grapetrait 

Ivimn beans 

lemon 

Navy beans 

Orange 

Irish potato 

■Watermelon 

Street potato 
Peas 

Poet 

Cantalonpe 

Carrot 

Grains 

Parsnips 

Turnip 

Eye 

Wheat leucosin 

Cabbage 

Barley 

Colcrj* 

Buckwheat 

Lettuce 

Com 

Onion 

Oats 

Spinach 

Bice 

Peg plant 
Pumpkin 


SQuasli 

Heats 

Cucumber 

BccI 

Tomato 

Pork 

Radish 

Jtutton 

Swiss chard 

Horse 

Mushroom 

OkTn 

Goat 


Epldcmuil ProfTiicts 
Chicken leathers 
Goose leathers 
Dog, hair and dander 
Horse, hair and dander 
Babbit, hair and dander 
Cat, iiair and dander 
Cow, hair and liander 


Beverapes 
Co dee 
Ten 
Cocoa 


Condiment 

Black pepper 

Ginger 

Mustnrd 

Paprika 

Ynniiln 


Special 

Orris root 

Streptococcus (autogenous sputum) 


Roentgen examination of the paranasal sinuses revealed some haziness of the 
right antrum. (It was later punctured and found normal.) Repeated examina- 
tion of the chest on several admissions showed slight peribronchial infiltration but 
no evidence of tuberculosis. Roentgenograms of the chest taken during a severe 
asthmatic paroxj’sm revealed no essential difference from those taken during the 
interval between attacks. 

The positive reactions to the skin tests for protein hypersensitivity are shown 
in table 6. 

During the long period of observation of this patient, there was complete 
agreement that he was suffering from severe bronchial asthma. Skin tests demon- 
strated that he was sensitive to a large number of proteins. Although every 
possible precaution was taken to prevent his contact with these substances, there 
was no improvement in his condition. In the hope that his was a bacterial 
allergy, treatment was attempted by a vaccine made from streptococcus found in 
his sputum. This therapy gave negative results. The list of drugs used in the 
treatment of asthma was exhausted without benefit except for the alleviation of 
an asthmatic attack, and it was becoming increasingly difficult to secure relief 
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SUCGESTJONS TOR PURTHER INVESTIGATION 

The bronchostenosis producing the asthmatic attack being a bilateral 
reaction, the question naturally is raised as to how unilateral section 
of the extrinsic nerves can modify the paroxysm sufficiently to produce 
relief. The hypothesis advocated by several that the tonus in a supposed 
bronchoconstrictor center is diminished by the removal of unilateral 
afferent impulses does not impress us. The only explanation that is 
satisfactory to us has to do with vital capacity and air requirement. 



Fig 3 — The operative exposure of the posterior pulmonary plexus through a 
posterior, transpleural incision. 

Normal vital capacity is so much in excess of the tidal air that respira- 
tion can be carried on by one lung if its air interchange is free. 

This conception affords a satisfactory explanation of the failures to 
relieve asthma. The continuation of a restricted air interchange on the 
side operated on may be due to: (1) an incomplete removal of the 
extrinsic nerve fibers to the lung (operation incomplete in plan or in 
technic) or (2) an uninfluenced thoracic cause (control by intrinsic 
nervous mechanism or rigid thorax). If the cause of a failure is the 
latter, no operation on the extrinsic nerves will avail. Intrathoracic 
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interruption of both vagus and sympathetic pathways to the lung is most 
likely to avoid the danger of the former cause. (In Kummcirs''“ two 
cases of posterior pulmonary plexus resection in which relief icsultcd, 
cervical sympathectomies had previousl)' failed.) 

We have briefly referred to roentgen therapy under the discussion of 
splenectomy. A few observers have published enthusiastic reports of 
this method of treatment (Schilling;'” Gerber"" and Klewitz ""). 
Freund =" combined intervention on the extrinsic nerves with roentgen- 
treatment. At first, in 1926. he used the latter only in cases in which 
operation failed to relie\'e the condition. More recently, in 1928, he 
reported good results from roentgen therapy alone (70 per cent improve- 
ment). He advocated the trial of roentgen treatment before the con- 
sideration of operation. We feel that this jrosition is sound if the 
therapy is not followed by unfortunate sequelae. Heavy dosage of 
deep roentgen therapy has sometimes caused fibrosis of the lung. 
It remains to be seen how much asthmatic patients can be benefited by 
roentgen treatment that is confined within this limit of safety. As 
Kiimmell emphasized, whatever its value it is not to be considered ulti- 
mately as a competitor with extrinsic nerve oi^erations because the latter 
are to be undertaken only after the failure of all conservative measures. 

Entirely too little attention has been paid to the treatment of the 
fixed chest. It is universally recognized that empln-scma and its 
accompanying chronic bronchitis are frequent complications of asthma. 
Most of the authors whose cases we reviewed stressed the presence of 
these conditions. Several of them went so far as to remark that the 
complete relief of dyspnea could not be expected on account of these 
complications even though the element of bronchostenosis should be 
entirely overcome by operation on the nerve. However, few under- 
took to correct the fixation of the chest. Man}' of these patients would 
probably have been greatly benefited b}' chondrectomy, and some of 
them relieved without operation on the ner\'e. (Compare Lcriche’s 
fifth case, in which relief was obtained by chondrectomy plus sympa- 
thectomy plus vagotomy and in which the patient himself thought the 
chondrectomy was more beneficial than the operation on the nerves). 
In his experience, Ischiyama"’ found mobilization of the wall of the 
chest of more value than cervical sympathectomy. We have discussed 
die various types of operations to overcome the fixation of the chest 
in the section headed “Operations for Bronchial Asthma.” Chondrec- 
tomy (Freund) with destruction of the perichondrium has an excellent 
record of achievement. There is no other operation at present that 
seems to us as satisfactory for this purpose. 

Bronchial asthma has been considered by many to be of psychogenic 
origin. The discovery of the allergic basis as a cause in many instances 
at least, is definite proof of an underlying pathologic process. The 
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cuie in isolated cases In' simple measures m^olvlng the removal of a 
specific allergen from the patient’s enMionment (such as chicken 
featheis or hoise dander) uould lia\e been taken a few years ago as 
proof of the psychogenic basis foi asthma As the knowledge of this 
subject inci eases, one finds the explanation for more and more cases 
of asthma Thus, there are separate gioups susceptible to pollens, 
animal emanations, dietaij' constituents, bacterial proteins absorbed 
from infectious focci, etc If asthma is a pure neurosis, the results 
of all operative jirocedures should be identical However, we ha\e 
seen that after operations on the nose and throat practicall}' no lasting 
improvement of the asthma follows, while operations on the extrinsic 
neives of the lung have given a fair percentage of completely relieied 
patients There is a jjsj'chogenic factor in all diseases, and from this 
the asthmatic patient is not immune Probably it is greater in such 
patients than it is in cases of ruptured duodenal ulcer, but this factor 
does not completely explain the pathogenesis in one any more than in 
the other 

Pathologic changes in the sympathetic ganglions removed at opera- 
tion from asthmatic patients have been described in the literature, con- 
sisting of degeneiation, fatty changes, scarring, chronic inflammaton 
reaction, etc Howeiei, these are not specific for asthma A corre- 
lation of any gross or histologic nerve lesion with a definite clinical 
syndrome would be of much interest but has not yet been achieved 
This subject deseives furthei pathologic study 

Some method of choosing m advance those jxatients who Mill be 
benefited by operations on the neives would be extremelv laluable 
Rehbein spoke of tenderness o\ei ceitain cervical sympathetic gan- 
glions and asserted that the removal of the latter alone is followed bj 
the lelief of asthma It seems to us extremely unlikely that this point 
will prove to be an important aid in the selection of cases The teinjio- 
rary interruption of nerve jiaths may be a much more useful test 
Rehbein noted at operation that in the successful cases local infiltiation 
with procaine hydrochloride caused fieei breathing and subjectne 
improvement even befoie the incision was made Dramatic relief of 
extreme dyspnea at the moment that the vagus nerve was anesthetized 
was obtained in the fifth case of Leriche and Fontaine They, as well 
as several others, have suggested a preliminary blocking of the auto- 
nomic nerves during an asthmatic attack If this affords the jiatient 
relief, they advise operative intervention on the nervous sj stem This 
seems like a reasonable test, and it should be given careful trial It 
appears to us less likely that it will assist those who interrupt only one 
system to decide between vagus section and sympathectomi 
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CONCLUSIONS 

1. Although our knowledge of the mechanism involved in producing 
the asthmatic attack is most incomplete, the hyjiothesis that the cNtrinsic 
nerve supply of the lung plays a significant role in it is the basis of 
operative interventions on the autonomic nervous system. 

2. Anatomicophysiologic studies indicate that there is a bilateral, 
bisystem nervous control of the size of the lumen in the finer air 
passages. 

3. j\Iore than 300 operations on the autonomic nervous .system in 
the treatment of bronchial asthma have been reported. Many of these 
are inconclusive for lack of sufficient data. An analysis of the carefully 
followed and reported cases showed that: {a) in about one-half, the 
operations have been complete failures; (b) in the others, varying 
degrees of improvement have been obtained, and (r) there have been 
a few brilliant cures in apparently hopeless cases. 

4. Successful results have followed interruption of the vagus alone 
as well as of the sympathetic system alone. When operation on one 
system has failed, the interruption of the other is less commonly 
successful. However, the initial severing of both .systems at the }) 0 s- 
terior pulmonary plexus seems to us the most logical intervention. An 
insufficient number of patients have been operated on in this manner 
to determine its comparative value. We report one case in which 
benefit was obtained over a period of eight months by this jwocedure. 

5. Intervention on the autonomic nervous system for asthma .should 
be considered as being in the experimental stage. However, if no 
contraindications are present, the results empirically obtained in this 
manner justify the attempt to relieve severe paroxysmal asthma when 
conservative measures, especially antiallergic methods, have without 
avail exhausted their possibilities. 

6. Many asthmatic patients have a sufficient degree of emphysema 
and fixation of the thorax greatly to limit the respiratory exchange. 
In such cases, if the cardiac function is not already too greatly 
impaired, a mobilizing operation should be performed on the thoracic 
wall. This procedure alone may afford great relief from the asthma and 
should at least precede any operation on the autonomic nervous svstem 
in such instances. 
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DECORTICATION OF THE HEART (DELORME) 

for adhesive pericarditis 

EDWARD D. CHURCHILL, M.D. 

BOSTOK 

Cases of adhesive pericarditis in which the patients are amenable 
to operative treatment ma)' be divided somewhat arbitrarily into two 
groups. The commonly recognized form of the disease is that in 
which the mediastinal adhesions binding the pericardium to the wall 
of the chest dominate the picture. In other cases, however, the con- 
traction of the thickened pericardium itself produces cardiac failure 
by interfering with the proper action of the heart. The recognition 
of the two types of the disease is of prime importance when surgical 
intervention is considered. It becomes obvious that no single operative 
procedure can be effective when the differences in the morbid anatomy 
are considered. 

The term mcdiastino pericarditis is properly applied to that form of 
the disease in which a firm cicatrix in the anterior mediastinum binds 
the outer aspect of the pericardium to the wall of the chest. The 
systolic contraction of the heart is hindered, as in every contraction the 
cardiac muscle must meet and overcome the resistance of the rigid 
bony framework of the thorax. The cardiac decompensation occurring 
under such circumstances is attributed to the strain which this abnormal 
fixation to the wall of the chest throws on the heart — an organ which 
has already suffered myocardial damage from infection. It is not 
improbable that the distortion caused by the fixation of the heart during 
respiratory movemeirts may also produce a relative valvular insufficiency. 
A positive diagnosis is more frequently made in this type of the disease, 
and the patient is not uncommonly referred for surgical treatnrent. The 
systolic retraction of the wall of the chest gives a strong and readily 
understood indication for cardiolysis. 

In operating for this condition one aims to free the heart from 
the unyielding scar which binds it to the wall of the chest. This 
is readily accomplished by the removal of the cartilaginous or bony 
portion of the ribs overlying the heart. Such an operation is the 
cardiolysis of Braucr or, more correctly, thoracolysis praecardiaca, a 
term suggested by Kocher. 

In the second type of adhesive pericarditis, the heart is found 
encased in a veritable coat of mail formed by a thickened and inelastic 
pericardium. In these cases of coiicrctio pericardii the heart becomes 
so throttled by the unyielding wall of scar tissue that its chambers can 
no longer expand in diastole to receive the inflowing blood. A marked 
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degree of stasis is iDroduced in the veins, particularly the inferior cava! 
system. The action of sucli a heart has been compared by Rehn to 
the restricted movements of a hand in a tightly fitting glove. 

As a matter of fact, all degrees of transition exist between the 
two types, and Volhard,* who has submitted an excellent description 
of the clinical picture of concretio pericardii, expressed the feeling that 
the difference lies more in the degree of contraction than in the type of 
adhesion. 

Patients in the first named group with adhesions between the 
pericardium and the anterior wail of the chest may progress until 
they show a more or less high degree of decompensation with the 
classic signs and symptoms of cardiac passive congestion. In addition, 
there is present the characteristic retraction of the precordial area 
of the wall of the breast with every systole and a bulging back during 
diastole. The presence of a marked thrill of the thoracic wall indi- 
cates a still powerful heart action and a competent diastolic filling 
of the chambers. On the other hand, when the heart is throttled 
by a contracted pericardium, the clinical picture is characterized by a 
striking disproportion between the high degree of cardiac passive 
congestive symptoms and the slight objective cardiac signs. In the 
words of Volhard : * 

We find all that belongs to the general picture of marked cardiac decompensa- 
tion — edema, effusions in the body cavities, liver swelling, dyspnoea on e.'certion, 
incapacity for work, but we fail to find the signs in the heart that we are 
accustomed to associate with such a condition and that account for the symptoms. 
We find no widening, rather a small heart ; no ape.x impulse ; no thrill of the 
chest wall; usually pure but strikingly soft sounds. The unfavorable diastolic 
filling of the heart produces a small, weak pulse, often smaller with inspiration. 
Ry fluoroscopy the heart appears to stand still, so slight are the evidences of 
heart motion. Very important but not peculiarly specific and present in both 
types is the lack of elevation of the anterior wall of the chest in breathing that 
Wenckebach has demonstrated. 

But the finding that particularly indicates a seriously impeded diastole is the 
marked distention of the cervical veins, that do not empty in the upright posture, 
and especially in the upright position show a very characteristic double collapse in 
systole and diastole. 

Moritz-Tabora measured the venous pressure in the arm veins and found very 
high values of 200 to 300 mm. of water. This accounts for a marked degree 
of liver congestion and the tendency to hydrothora.x and early ascites, even 
before edema of the legs supervenes. 

These “ascites praecox” can for years be subjected to countless tappings, unnec- 
essary exploratory laparatomies, Talma operations, and false diagnoses. 

The most striking single characteristic of the picture is marked 
venous stasis with a small heart. It is impossible to conceive of a 

1. Volhard and Schmieden: Klin. Wchnschr.. 1923, no. 1, p. S. 
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Three weeks later it was noted tliat there was still well marked edema of the shins 
which had not disappeared with the digitalization. 

On April 26, 1928, the following note was made in the cardiac clinic: “Doing 
poorly. In bed a good hit of the time thronghont the winter. Legs and abdominal 
wall edematous. Abdomen tapped in Tebrnary. Takes no digitalis. Had theocin 
a month ago without clT.ect. Ph 3 'sical examination as before except for cyanosis 
which is now present.” 

At this time, the following letter was written by Dr. Paul White to her 
physician: “Testerday morning in the Cardiac Clinic here, I saw C. S. again 
and found her in poor condition. She certainly has had a ver 3 ' miserable time 
and I am afraid there is not much can be done to help her. There seems little 
doubt that pericarditis must be at the back of her trouble. Probably she has a 
good deal of mediastinal involvement and disabilit 3 ' of the heart itself. ... I 
would suggest resuming digitalis ll4 grains once dail 3 ' for a few da 3 's, then once 
dail 3 ' for two weeks. If after two or three weeks she is not better I would 
suggest that she come to the hospital again with the thought to consider 
cardiob’sis, in case there is anv chance of freeing the heart of some of the e.xtra 
work that it is <loing. I suppose, however, that the prognosis is rather poor at 
the best.” 

Third Admission . — The patient entered the Massachusetts General Hospital 
for the third time on June 8, 1928. For the past month she had been confined 
to bed and was orthopueic. She was dyspiieic on slight exertion, and the edema 
of her lower extremities had markedh' increased. On physical examination the 
heart seemed fixed in position, and in addition to the observations already noted 
a pulsus paradoxus was observed. Signs of fluid were found at both bases. 
There was extreme edema of the lower extremities extending upward over the 
sacrum. The vital capacity was 1,600 cc. as compared with 2,600 ec. three years 
before. Roentgen examination showed dulness of both bases obliterating the out- 
lines of the diaphragm, rising to the level of the fourth rib on the right. The heart 
shadow appeared large and prominent in the region of the left ventricle. From 
the lateral aspect the sternum seemed to move normally away from the mediastinal 
shadow on deep inspiration. There appeared to be no adhesions between the 
sternum and the mediastinum. There was considerable increase in the dulness in 
the right cardiophrenic angle with some limitation of diaphragmatic excursion in 
this region. She was given an organic mercury compound in repeated doses, but 
the slight diuresis caused only a transient loss of weight. On July 16, 2,500 cc. of 
clear fluid was removed from the abdomen. 

lit considering the case of C. S. witli a view to jtlanning operative 
relief, it 3vas felt from the outset that nothing was to be gained hy 
the Braiier operation. It is true that three years before, the cardiac 
pulsations were described as being forcefully transmitted to the 3vall 
of the chest and' the heart appeared to be enlarged. A definite systolic 
retraction of the ribs and interspaces had never been observed, however, 
and now, in contrast, the heart seemed small, particularly^ in relation 
to the high degree of venous stasis. The pulsations were but feebly- 
transmitted to the wall of the chest, and the sounds were distant and 
mufified. Roentgen examination failed to show evidence of adhesions 
between the pericardium and the anterior wall of the chest. The 
signs and symptoms seemed clearly to be those of the “inflow stasis” 
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01' impeded diastolic filling so vividly described by Volhard and 
Schmiedend 

Certain physiologic considerations have more than a mere theoretical 
bearing in planning the operation of decortication of the heart. The 
unfortunate results in several of the cases of pericardial resection 
that have found their way into the literature have emphasized the 
importance of having clearly in mind an accurate knowledge of the 
pathologic changes in the individual case. Schmieden - has given a 
helpful analysis of the causes of the successes and failures in his 
series of seven cases. 

At the outset, one is forced to admit that no reliable criteria exist 
for determining the capability of the cardiac musculature to withstand 
the suddenly increased load. Numerous observations and experiments ^ 
have demonstrated that under the conditions of normal life the peri- 
cardium plays no important part in supporting the wall of the heart. 
Conditions may be different, however, when the myocardium has been 
damaged by infection. Further, in an individtral case it may be difficult 
to differentiate the symptoms of cardiac failure due to mechanical 
factors from those referable to myocardial weakness. If improve- 
ment results from digitalis therapy, it is probable that the myocardial 
insufficiency is playing an important role in the case under question. 
If improvement does not follow rest aird the administration of digitalis, 
the mechanical factors may be considered paramount, but an underlying 
myocardial weakness cannot be excluded. 

Of equal importance to the state of the myocardium and a point 
concerning which one may more readily inform oneself is the matter 
of the balance between the action of the right and left ventricles. 
It is of the greatest importance to ascertain the e.xtent to which the 
scar involves these two chambers. If the output of the right ventricle 
is suddenly increased by decortication while the left ventricle remains 
encased in scar, the area of venous stasis is merely transferred from 
the caval systems to the lungs, and diaster follows. This very happen- 
ing has undoubtedly been responsible for some of the deaths on the 
operating table. If the left side of the heart is involved in the scar, 
it must be liberated before freeing the right chambers. Schmieden = 
now advises a transpleural approach for this purpose. 

Fluoroscopic examination in different positions with special observa- 
tion of the movements of the ventricles is invaluable in ascertaining 
the extcirt to which each is involved in the scar. Other signs of 

in.o~o Fischer, H.: Ergebnissc cles Chirurgie u. Orthopadie 


3. Beck C. S„ and ifoore, R. L. : The Significance of the Pericardium in 
\clation to Surgery of the Heart, .\rch. Surg. 11:550 (Oct.) 19^5 Grant R T • 
Hc.-irt 13:.371, 1926. ts,. i.. 
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encasement of the left side of the heart are effusions in the pleural 
cavities, stasis in the pulmonarj- circuit and a widening of the cardiac 
shadow to the right. 

In the patient under consideration, fluoroscopy showed the heart 
shadow to be large and prominent in the region of the left ven- 
tricle. Further, the lack of improvement with digitalis gave evidence 
that the apparent cardiac failure might fairly he attributed to purely 
mechanical factors. Operation was proposed therefore, for the release 
of the right ventricle by resection of the adherent pericardium. 

Operation . — On July 18, 1928, with the patient under ether anesthesia, an 
incision was made extending along the line of the second rib to the middle of the 
sternum, bearing directly downward to the xiphoid, then laterally along the seventh 
costal cartilage (fig. 1). The skin flap so outlined was reflected outward with 
the pectoralis muscle. The cartilages of the third, fourth, fifth, sixth and seventh 



Fig. 1. — Incision three weeks after the operation. 

ribs were resected, taking in addition 1 inch of the bone of the fourth and fifth 
ribs, respectively (fig. 2). The internal mammary vessels were ligated in the 
second interspace, and the intercostal muscles with the posterior layer of the 
perichondrium of the costal cartilages were removed. The left pleural reflection 
was retracted laterally by blunt dissection. Tbe anterior surface of the peri- 
cardium appeared as a firm white scar which did not transmit the pulsations of 
the underlying heart. An incision was made through the pericardium which 
was found to be 1.5 mm. in thickness. When the left ventricle was reached, 
the pericardium was carefully separated from the surface of the heart, the dis- 
section being carried medially over the right ventricle. Tbe adhesions between 
the visceral and parietal surfaces of the pericardium were in tbe main separated 
by the finger without causing any bleeding. In a few places over the right 
ventricle scissor dissection was used. The pericardium was removed in small 
fragments as it was freed. In the end there was a defect as large as the palm 
of one’s hand, the heart herniating through this opening as though making ready 
use of the space which had been made available (fig. 3). The left half of the 
sternum was removed with rongeurs, and the dissection of the pericardium was 
carried as far as the auricle. The heart was then raised and separated from 
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the diaphragmatic pericardium until the vena cava could be seen. The dia- 
phragmatic peri'cardum was much thickened and was contracted in one place into 
a strong fibrous hand, 8 mm. in diameter, which seemed to rest in the angle 
between the inferior vena cava and the right auricle like a sling (fig. 4). This 
band was studded with calcareous deposits and was attached anteriorly to the 
surface of the diaphragm in the region of the xiphoid. It was resected by a 
V-shaped incision tlic apex of which lay at the vena cava. Following this, the 
edges of the pericardium retracted and revealed the musculature of the diaphragm 
beneath. Adhesions about the apex of the heart were loosened, but attention 
was chiefly' directed to the right side of the heart and the diaphragmatic peri- 
cardium. The reflection of the right pleura was stripped back by blunt dissection, 
neither pleural cavity being entered. At the conclusion of the operation the skin 



Fig, 3. — Window in the thickened pericardium being created by resection. 

and muscle flaps were turned back into position, leaving the surface of the heart 
in direet contact with the under surface of the pectoralis muscle. The apex 
impulse was now transmitted forcefully' through the tissues of the breast. For 
a time during the freeing of the adhesions about the vena cava adequate exposure 
necessitated pressing on the right side of the heart with the flat surface of the 
hand. This distinctly interfered with the filling of the heart, and the anesthetist 
reported that the blood pressure could not he obtained. Conditions returned to 
normal, however, when the hand was removed. The patient left the table in 
excellent condition. Convalescence was without notable incident. The edema of 
the e.xtremities rapidly subsided, less edema being present in the legs ten days 
after the operation than at any time during the preceding y'ear. Diuresis was 
evident in the relation of the fluid output to fluid intake, the most notable degree 
occurring on the fifth day postoperatively. 
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On August 7, the patient was allowed to sit up in a chair. There were no ill 
effects. She had lost 20 pounds (9 Kg.) of weight, most of which, of course, 
was accounted for by tlie disappearing edema. Her strength rapidly increased, 
and on August 16, one month after the operation, she was discharged from the 
hospital. 

On September 7, seven weeks after the operation, she reported at the cardiac 
clinic and was found to have no edema of the feet or legs. The enlarged liver 
was still palpable 6 cm. below the costal margin, but there was no ascites. 
Improvement continued to be rapid, and she was advised to increase her activities. 

On ilarch 7, 1929, she was found to be in excellent spirits and had gained 
considerably in weight and strength during the winter. She was able to walk 



Fig. 4. — Further stage in pericardial resection showing the elevation of the 
heart and freeing of diaphragmatic pericardium. The bandlike elevation is shown 
extending backward toward the inferior vena cava. This band was resected wdth 
the adjacent scar. 

four miles a day without any shortness of breath. In coming to the clinic she said 
that slie had run a considerable distance to catch the train. There is now no 
edema, and the abdomen shows no evidence of ascites. The pulsation of the heart 
IS palpable as a forceful thrust in the window to the left of the sternum. 

On .'Xug. 27, 1929, a report from Dr. Paul D. White referred to the patient as 
being in a “.splendid " condition. 


iltc question of reformation of the adhesions in this case must be 
left for tlie future to settle. In the cases reported in the literature such 
an occurrence has not been found to be a real danger, the usual course 
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being one of continued and progressive improvement. It has been sug- 
gested on the basis of experimental work that the pericardial defect be 
repaired with a fat or fascia transplant.^ I agree with Schmieden’s 
policy of not adding a procedure of this nature to the operation unless 
further clinical experience makes it seem imperative. 

REVIEW OF LITERATURE 

AVeill,'"' in 1895, recognized that the rational treatment of this type 
of adhesive pericarditis lay within the purview of surgery. This view 
was exjiressed in the following words: 

Lorsque la sj-mplij-se esf arrivee an static fibrcii.x, elle est completement 
emancipee de sa cause, et les moyeiis medicau.K sont illusoires. On n’a jamais 
songe a faire de debridement dans ce cas, moins peut-etre par resignation, quo par 
incertitude du diagnostic. II y aurait lieu de faire une tentative de ce genre, 
qui consisterait a liberer une partie du coeur, la point par exemple et la face 
anterieure. . . . C’cst a la chirurgie qu’il appartiendra un jour de delivrer 
le coeur de la coque qui I’etrangle. 

(After the adhesions have reached a fibrous stage, they act independently of their 
original cause, and medical therapy is illusory. One has never dreamed of 
attempting a debridement in such a case, less perhaps from resignation than from 
the uncertainty of diagnosis. There would be good cause to make an attempt of this 
kind, designed to liberate a part of the heart, the ape.x for e.xample, and the anterior 
surface. ... It will one day come within the province of surgery to deliver 
the heart from the shell wliich strangles it.) 

Three years later (1898), the operation of decortication of the lung 
gave Delorme “ the idea that the same principles could be applied to a 
heart encased in an adherent pericardium. Detailed observations were 
made on cadavers, and it was found that adhesions between the heart 
and pericardium could be freed either with the scissors or bluntly with 
the finger. The operation of Delorme is not infrequently referred to as 
a lysis of intrapericardial adhesions followed by closure of the pericar- 
dium. As a matter of fact, Delorme recommended an actual excision 
of a portion of the pericardium in suitable cases. Further, Avhen the 
adhesions are found to be too closely adherent to permit of a separation, 
he advised a section of the pericardium at its diaphragmatic attachment 
anteriorly. 

Delorme " plead for the adoption of his proposed operation in numer- 
ous communications addressed to the clinical societies of Paris. His 

4. Klose, H.: Arch. f. Win. Chir. 117:138, 1921. 

5. Weill, E.: Traite des maladies du coeur chez les eiifants, Paris, 1895, 

p. 128. 

6. Delorme, E. : Gaz. d. hop., 1898, p. 1150. 

7. Delorme, Edmond: Bull, et mem. Soc. de chir. de Paris 21:918 (Oct.) 
1898; Soc. med. d. hop. de Paris, 3 series 37:318, 1914; Gaz. d. hop. 86:2269 
(Dec. 16) 1913; ibid. 87:341 (Feb.) 1914. 
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proposals met with slight favor, however, and in 1902 the simpler pro- 
cedure designed by Brauer « was announced from Germany. Cardiolysis 
by the simple resection of ribs and costal cartilages gained popularity, 
and the theoretical principles so carefully worked out by Delorme were 
discarded as being too unnecessarily hazardous for clinical application. 

Carl Beck, speaking before the American Medical Association in 
1901,“ briefly referred to the possibilities of surgical relief in adherent 
pericarditis. 

Rehn^“ is commonly accredited with pointing the way toward the 
practical application of the theories of Delorme, and was the first 
operator to report the results in cases in which an excision of a portion 
of the pericardium had been carried out. It is to be noted, however, that 
Sauerbruch “ as early as 1913 had freed the heart and resected a portion 
of the pericardium in a patient who had been confined to bed by dyspnea 
and who showed general edema. The patient was reported as being 
symptom-free and able to work eleven years after the operation. 

In 1913, Rehn expressed himself as being doubtful whether a 
heart which is encased in scarred tissue could be freed. He considered 
the intrapericardial lysis of adhesions to be impracticable because of the 
rapid reformation of new adhesions. As a matter of fact, this very thing 
had happened to mar the good result which he had obtained in a child. In 
a later communication, Rehn reported the results of extensive studies in 
the pathologic plp^siology of the various types of adhesive pericarditis. 
He then clearly described the technic and application of pericardial 
resection which he had carried out in four cases. 

Case reports of successful operations have appeared with increasing 
frequency, particularly from Germany. Schmieden “ has had a more 
extended experience than any other single operator, and I have already 
referred to his admirable analysis of the physiologic mechanisms involved 
in the operation. 

The reported operations or attempts at operation have been listed in 
the accompanying table. In all, there have been collected the data in 
thirty-seven cases in which an operation was performed, five (cases 
S, 9, 10. 11, 31) of which were interrupted. The deaths directly attrib- 
utable to the operative procedure number seven (cases 6, 7, 12, 14, 19, 


8. Brauer, L.: Arch. {. klin. Cla'r. 71:258, 1903-1904; Munchen. med Wchn- 
schr. 49:1072, 1902. 

9. Beck, Car!, iu discussion on Norbury, F. P.; Some Points in the Treat- 
niciu of Pericarditis, J. A. M. A. 37:1585 (Dec. 14) 1901 

s “S'Br""'"’- '■ '■ 

vol.^ 2. p' 298 Bnistorgane. Berlin, 1925, 

12, Rehn (footnote 10, first reference"), 

13. Rdm (footnote 10. third reference). 



Results of Opcialwu tii Thiil\-Sevcn Cases Reported iu the 
Ltfcraliitc* 


Cn«e Author Operntor 


1 

Rehn i*' 

Relin 

2 

Rohn,'® Picard (Jlcd khn 
iO: 234, 3929) 

Rehn 

3 

Rehn 

Rehn 

4 

Rehn 

Rehn 

Z 

Snucrbruch 

Snucrbruch 

c 

Sauerbrueh 

Sauerbruth 

7 

Sauerbnjcl) 

•Sauerbrueh 

S 

Snucrbruch 

Snuerbnicli 

9 

Volhnrd and Sthmlcdcn ^ 

Hcnlc 

10 

Voihard and Schmioilcn ^ 

llcuck 

n 

Aolhard and Schmitden ^ 

Brnucr 

12 

^ olhard and Schmieden ' 

Voclckcr 

13 

Volhnrd nnd Schmeldcn ^ 

Voolcker 

14 

Volhnrd nnd Schmieden * 

Voclckcr 

15 

\ olhard and Schmieden^ 
Sciimicdcn and F»®cher ” 

Schmieden 


IG 

Vollinrrt nnd Sclnnlodcn i 
Sclimloden and Thclicr - 
Schmieden CMunchcn 
med '\1chn'cl)r 0)» ! 
177, 1922) 

SchiniedcD 

17 

Sclimiedcn (Zontrnlhl 1 
clilr .•>! ! 40 1 924) 

Schmieden and Tisclier - 

Sciimicdcn 

IS 

Sehmie<lcn nnd Piec!)cr " 

Schmieden 

19 

Schmieden nnd rjechcr - 

feclimlcden 

20 

.Scliinicdcn nnd Fi=chcr - 

Schmieden 

21 

Schmieden and Pi«chcr - 

Schmieden 

23 

BittroifT (Jlunehcn med 
Wchn«clir ri : 117, Jsei) 


23 

Ddlagtnicrc (Gni d liop 
St,: 1033 [Tune 51 IW) 


24 

GuleiiC and Lommcl (Klin 
Wchnschr 4 : 737, 1925) 


2, 

Kir'^cbncr and Matthes 
(Deuteclie ined TVehn 
5chr .~2 ; 221, 1 W) 


20 

Koenneche (Munchen m^ 


27 

7 1 


2= 

geo U M«.u u v^i n 

j3C, 1925) 

Sattier 

29 

Ljungdalil and Tcngwall 
(Acta chir Scandinat 
: 4‘fO, 1925) 

Enderlen 

30 

Ihidcrlen (Zentnlbl f 
ehir , 1025, p 689) Sauer 
bnich 


Age 

Sc\( 

Result 

Primary result good benefit not last 
ing because le®ion was tuberculous 

G 

9 

Primary rcs’ilt good, benefit not last 
ing because lc®ion was tuberculous 

13 

9 

rxcollCDt, died later due to recur 
renee of rhouuiatic fever 

14 

d 

rxccllent, died 3*^ year® later of 
influenza 

25 

d 

Complete relief of symptom® 11 yoirs 
alter operation 

21 


Died 18 day® after operation of car 
(line in«ufilciency 

23 

9 

Pied 24 hour® after operation of 
e\lnn«tion 

39 

d 

Operation mtcrniptcd bccau®c of 


cardiftc Irrcgulantj good result 
ne\erthele''«, died 4 >eirs Inter of 
rcnul tubcrcuIo«i«: 

Attemrit Abandoned because of tear 
ing right ^cntnc’e 

Attempt abandoned becauee of tear 
ing right aentncle 

Attempt Abandoned because of tear 
fnp right acntncle 

9 ‘Weak girl, died «oon after operation 

'\oung nnn died 14 daj« after oper 
ntlon of «c^crc tiiberculosl*? 

Incomplete removal, died, autopsy 
shoued unjieldlng ecar still cnen*^ 
mg the heart 

'10 d Two oporation« (11 small «rction of 

pericardium removed from nght 
•\cntriclc, temporarj relief (2) 
troDcplcurol decortication of left 
%ontncIe sjTnptomatic cure 4 leors 
after operation 

40 cT Complete relief of e\mptoms 


22 cf Icmporarj impro\ement died 3 

weeks later autops> showed e\ten 
ei\c invoUement of cardiac Tnu^cle 

18 cT Complete relief of sjmptom« 

18 Died on table at end of complete 

operation from dilatation of right 
heart 

!No particulars concerning «i\tli ca«e 
of ScJimicden's ^encs, listed as 
‘ lmpro^cd” 

5 d* PostoperatUe course complicated by 
exten«ne wound infection pneu 
monin and cmpiema lmpro^ed 

78 9 Improved markedlj. Talma operation 

performed later 

28 9 Relief of ‘symptom® not dcfinitelj 

stated that pericardium was re 

®ccted 

27 cT E\cellent result yenou® prc®®ure re 
diicod from 1G5 mm to 42 mm 

23 E\C€llent result 2 months after oper 

ntion 

21 (f ho improvement, nd\ancmg c'lchexia 
attributed to hepatic insnilicicncj 

p cT rxceilent result 

20 d }'\ceUont result 


4C d Complete relief of symptoms 2 years 
after operation 

IP d Impro\emcnt for 3 months recur 
rcnce of symptoms with death 


* A onco rcDort referred to by Gulekc (Mitt a d Grtnzgeb d Med u Chir 40; 2o2, 1027) 
but winch has not been availabic is that of lilmanns in which the^^^ 
died of recurrence of symptom® in nine months Alinkin (Tcstnik Kblr 10 « j_, 1927) 

®aid to have reported a ca®e of pericardial re«cction 
f In this column, d mdieato® male, and 9. female 



Results of Of elation in Tliti ty-Scvcn Cases Repotted in the 
Litciatuic — Continued 


Ca«c Author Operator Age 

SI Lilientlial (Thoracic Sur- lahcnthal 31 

gery, iKo, vol 1, p 422) 

Lo'^en and Kahl (Zent- 
ralbl f Chir 51 : 25S3, 

1924) 

32 Hanebuth and Naegeh 

(Med Klin 23 : 1253, 3D27) 

33 I/anen and 3Iatthes(Dcut- 24 

Eche med Wehnschr 34 : 
mr, 192S) 

31 Cutler and Beck (Kelson’s Cutler 
loo«e-Leat Living Sur- 
gery, 1 ol 4) 

35 Churchill Churchill , 16 

3C Delorme (Progres mod , Hallopeau 16 

1924, p 457); Hallopeau 
(Bull et mom hoc nat 
de chir , 1921, T. 47, p 1120) 

37 Delonne (Progres med , Hallopeau 7 

1924, p 457); Hallopeau 
Bull Soc de pcdiat de 
Pans, 1923, T. 21, p 206) 


Sc\ Result 

$ Right auricle torn m attempting 
separation; operation abandoned; 
slop recovery 


cf Died o£ cardiac in«iifflcienc5 1 hour 
alter operation 
9 Improved 


Died 1 hour after operation from 
myocardial failure 

$ Complete relief of symptoms 14 

months after operation 

9 Operation performed during search 

for encapsulated rheumatic cflusion 
iihich was not found, complete 
relief of symptoms 

cf Accompanied by acute osteomyelitis 

of femur; pericardium resutured, 
reeoverj 


32, 34) or 21.8 per cent of the cases in which operation was 
completed; two patients (cases 13, 26) showed no improvement (6.2 
per cent) ; the improvement was transitory, and the patient died of the 
original disease in four cases (1, 2, 17, 30), or 12 per cent; in the 
nineteen remaining cases (59 per cent), the result was excellent, and 
frequently there was almost complete relief from symptoms. Three of 
the patients in the latter group died of intercurrent disease. 



SENSIBILITY OF THE EXPOSED HUMAN HEART AND 

PERICARDIUM * 

JOHN ALEXANDER, M.D. 

A. GARRARD aiACLEOD, M.D. 

AND 

PAUL S. BARKER, M.D. 

ANN ARDOR, MICH. 

Knowledge of cardiac and pericardial sensibility, as we have found 
it presented in published reports, is meager and incomplete. There is 
little agreement among the reporters as to the facts. This is largely 
due, we believe, to the scarcity of opportunity for careful observation 
on the open pericardial cavity of patients who are neither narcotized, 
shocked nor very toxic. 

We recently availed ourselves of an unusual opportunit}' to investi- 
gate extensively the sensory^ reactions of the exposed human heart and 
pericardium to various forms of stimulation. 

REPORT OF CASE 

Our patient was a telephone linesman, aged 30, who was admitted to the 
University Hospital on Feb. 2, 1929, with typical history, symptoms and signs of 
a basal lobar pneumonia of the left lung of three days’ duration. During the 
ne.\'t twelve days the signs and symptoms of the disease subsided, but on the 
following day there were a sharp rise in temperature, precordial pain and friction. 
Pericarditis was diagnosed. Pericardial fluid and a pulsus paradoxus followed, 
and 75 cc. of serosanguineous fluid containing Streptococcus hcmolyticus and S. 
viridaus was withdrawn by aspiration. Two days later e.xtrapleural pericardiostomy 
was performed under local and regional anesthesia without infiltrating the peri- 
cardium or pleura. After portions of the fifth and si-xth left costal cartilages 
were removed, the pericardium was incised longitudinally from the fourth inter- 
costal space to the diaphragm, a distance of 6 cm. Trvo hundred and forty cubic 
centimeters of serofibrinous fluid was evacuated. 

There were now exposed to view the lower anterior surfaces of the right and 
left ventricles, a portion of the inner surface of the pericardium, as well as a 
portion of the pericardial surface of the diaphragm (fig. 1). In addition, the 
entire surface of both ventricles, a part of the right auricle and all the pericardium 
overlying these portions of the heart, were within reach of certain of our e.x'am- 
ining instruments. The observations on the reactions to various sensory stimuli 
that are to be described, were then carried out. The condition of the patient 

* From the Departments of Surgery and Internal iiledicine, University Hos- 
pital, University of Michigan Medical School. 

* Throughout this article, the term "pericardium" will be used to denote the 
parietal pericardium and the term “heart” to denote mj'ocardium and epicardium 
or visceral pericardium. 
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dwms these ai^d subsequent observations was satisfactory, and he was not harm- 
iTVLnced by then,. At the beginning of the operation Ins blood pressure 
was 112 svstolic and 60 diastolic, his pulse rate 100 and f 

the end of the operation they were, respectively, 118 and 60, 96 and 32. The 

pulse rate never rose above 108. ■ j- 

The operation was completed by sewing the incised edges of the pericardium 
to the pectoral fascia. This afforded excellent continuous drainage without the 
use of any tube or tissue. A surgical solution of chlorinated soda (Dakin’s solu- 
tion) and later 0.1 per cent solution of mercurochrome were introduced into the 
pericardial cavity si.x times daily, and drainage was aided by aspiration of the 
Upper anterior and posterior recesses of the pericardial cavity with a catheter and 
syringe Eleven days after operation all streptococci had disappeared, and six- 



Fig. 1.— Drawings to scale of extrapleural pericardiostomy w'ound five days 
after operation Part of the lower anterior surface of the right ventricle and a 
lesser part of the left ventricle arc e.xposed. The diaphragm appears beneath the 
heart The needle wound from the pericardial paracentesis may be seen in the 
left costoriplioid angle. 


tccii da\5 after operation no organisms could be found by smear, although diph- 
theroids and a few- SlaN>ylococci aiird were present by culture. In spite of this 
adequate control of infection in the pericardial cavity, the temperature and pulse 
did not improve correspondingly. This was attributed to residual infection in the 
lungs, of which there were signs. 

_ .\s llic pulse had become paradoxic, as the systolic blood pressure had dropped 
irom 112 to 104 and as the pericardial cavity was surgically clean, we felt that 
the exposed heart should now be covered to combat further disabling thickening 
of the epicardnmi. This was done twcnlj-one days after first establishing drain- 
age. b; sliding a flap of skin and pectoral muscle over tlie opening, with tlie 
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patient under nitrous-oxide-oxygen anestlicsia and in the Trendelenburg position. 
Just before operation the hlood pressure was 104 systolic and 70 diastolic, the 
pulse rate was 108 and respirations 26. Twenty minutes later, toward the end 
of the operation, the systolic pressure was 92 and the diastolic 80, the pulse rate 
was 140 and respirations 48; thereafter the pulse rate and blood pressure could 
not be obtained. A state of paroxysmal auricular tachycardia with a rate of 
192 at the heart persisted until death the following day. Also there were cyanosis 
and increasing dyspnea with signs of consolidation of both lungs. 

At necropsy there were partly unresolved pneumonia of the left lower lobe 
and fresh consolidation of tlie remaining lobes of both lungs. Also there were a 
narrow empyema containing 140 cc. of pus, between the mediastinum and left 
lung, and a separate globular empyema of 200 cc. capacity in the costovertebral 
gutter directly back of the heart. The heart was not dilated and the pericardial 
cavity was clean, without any pocketing of pus (figs. 2 and 3). The thickness of 
the epicardium of the left ventricle twenty-three days after the onset of the peri- 
carditis was ns follows: base, anteriorly, 2 mm.; apex, anteriorly, from 3 to 6 
mm. ; base, posteriorly, 3 mm. or more, not including 2 mm. of fat ; apex, 
posteriorly, 5 mm. or more, not including 1 mm. of fat. The thickness of the 
epicardium of the right ventricle was; base, anteriorly, 3 mm.; apex, anteriorly, 
from 3.5 to 4 mm.; base, posteriorly, 1.5 mm.; ape.x, posteriorly, 3.5 mm. The 
thickness of the epicardium of the right auricle, posteriorly, was 3 mm. 

EXPERIMENTAL OBSERVATIONS 

Reaction to Various Stimuli . — Investigations of the sensory reactions of the 
heart to various stimuli were carried out during the course of the pericardiostomy ; 
during the frequent dressings ; during several occasions when the heart was stimu- 
lated electrically to produce e.xfrasystolos for electrocardiographic study; and 
during a period especially devoted to a systematic study of sensation sixteen days 
after operation, at whicli stud)' Dr. Julian Moore aided us. During none of these 
experiments was the patient shocked or narcotized, except that prior to operation 
he had had 0.1 Gm. of morphine sulphate and the operation was conducted under 
local and regional anesthesia of the thoracic wall, but without direct infiltration 
of the pericardium. As the left side of the diaphragm was seen to be moving in 
the wound at each examination, it may be concluded that the motor and pre- 
sumably the sensory paths of the left phrenic nerve were open. 

The various points stimulated on the surface of the heart, and the inner surface 
of the pericardium, including the diaphragmatic pericardium, have been arbi- 
trarily numbered for descriptive purposes in recording results (figs. 2 and 3). 
The location of the points that were exposed to view is exact. The position of 
those points that are between the heart and pericardium and out of sight has been 
carefully estimated and may be considered as accurate within fairly narrow limits. 
It is obvious that when an examining instrument was introduced far into the 
pericardial cavity, it was in contact with both heart and pericardium and that 
the produced sensation might have come from either. But when direct stimulation 
of the heart where it was not in contact with the pericardium did not produce the 
sensation produced by stimulation of heart and pericardium simultaneously, it 
may reasonably be concluded that this sensation came from the pericardium alone. 

None of the stimuli used in these experiments apparently disturbed the rate, 
rhythm or force of the heart, except that electrical stimulation produced extra- 
systoles, and pressure of a catheter caused lessened excursion of the heart between 
systole and diastole, as noted subsequently. One of the two reflexes seen to be 
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sensaUon. Rubbing the ventricles (points 7, 10, 11, 12) rapidly for summation 
of stimuli, but not heavily, with the convex surface of a hemostat was felt as 
local pressure and not as pain. ' 

Heavy pressure on the lower anterior and diaphragmatic surfaces of the 
ventricles (points 9, 12, 31, 33) with the conve.x surface of a curved hemostat 
(so heavj' that the ventricular wall was partly invaginated, and with each systole 
the instrument was pushed away for a distance of about 1 cm.) was scarcely felt, 
and then only as local touch. It is possible that this sensation may have arisen 
in the posterior pericardium as a result of the heart being pushed against it. 



Fig. 3. — Posterior surface of heart after death. The interventricular, right and 
left auriculoventricular sulci, and the position of the pericardiostomy opening are 
shown by white ink. The numbers indicate points on the cardiac surface to which 
reference is made in the text. 


Pinching the lower anterior surface of the left ventricle (points 12, 14) with a 
1 mm. deep bite of an Allis forceps caused no pain. 

Pressure on the diaphragmatic pericardium (points 20, 21, 24, 26) was not 
identified as touch or pain but was described as "a feeling” or “sort of pressure.” 
One point (point 24) beneath the right ventricle once had a sensation of slight 
pain. 

Pressure forward against the inner surface of the pericardium at the right 
edge of the sternum in the fourth and fifth interspaces (points 1, 2) was felt as 
a sharp pain which radiated horizontally backward to the right midaxilla. The 
patient was able exactly to localize the position of the tip of the hemostat by 
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water At the moment of removing the instrument from the warm water it 
registered between 130 and 140 F. in all tests, and cooled slightly before it could 
be applied to the patient. On removing if from the cool water it registered 
between 40 and SO F. and became slightly warmer before it could be applied. The 
cool thermometer placed against the granulating cut edge of the pectoral muscle 
was identified as cold, but the warm thermometer as neither hot nor cold. Tests 
for sensation of heat and cold were made on the exposed anterior surface of both 
ventricles (points 6, 12) and of the diaphragm (point 24) and simultaneously on 
the adjacent surfaces of pericardium and right and left ventricles (points 3, 4, 
17, 18). In no instance could the patient distinguish either heat or cold. The 
only sensation produced was of touch or pain, the latter probably being due to 
pressure by the thermometer. 


Subjective lulct prclahon of Sliintih.* 


Stimulus 

r picardium and 

Pinphragmntjc 

Parietal 

Ventricles 

Pericardium 

Pencnidium 

Light touch . 

0 

0 



Rubbing 

Pressure 

— 

— 

Hen^’y prc«surc 

Toiicli 

“A feeling" or prc' 
sure or sllglit pain 

Posteriorly as pressure, 
anteriorly as pain, referred 

Pinching 

0 

— 

Severe pain 

rmger or catheter in 
pcncardial cavity 

Sec parietal pericar- 
dium 

— 

Pam 

Priching 

Occasionally as toiieli; 
constantly so at apex 

Occn'ionalh a« touch 

Sharp pain 

Teasloti 

0 



Scratching 

— 

— 

Slight pnm 

Heat . 

0 

0 

0 

Cold . 

0 

0 

0 

Vibration . 

0 

0 

_ 

ricctricity 

Pain ivitli extra- 
systoles 

— 

— 

Two pomtB of pro«* 
sure 

Differentiated ools 
when one point on 
each ventricle 

Not difTcrcntintcd 



* The ciphers indicate that no sensation was produced and the dashes indicate that senei 
bility Has not tested 


The temperature of the pericardial cavity was taken and is recorded, although 
unrelated to thermal sensation. An ordinary clinical thermometer was used and 
left in place five minutes or more With the bulb of the thermometer near the 
right border of the sternum at about the fourth cartilage level (point 4), the 
temperature was 100 2 F. At the left border of the heart at the third interspace 
(point 18) and also beneath the right ventricle (point 28) the temperature was 
100 7 F. At the time of this experiment the temperature by rectum was 101 3 F , 
by mouth 1002 F. and by axilla 98 F 

Vibratory sensation was tested with tuning forks having 128 and 256 vibra- 
tions per second. These were placed directly on the anterior surfaces of both 
ventricles (points 5, 8, 12, 13) and on the diaphragmatic pericardium (points 24, 
25). A sensation of vibration was nowhere perceived When both the skin and 
the cut edge of the pectoral muscle were tested, the patient detected vibration when 
tuning fork 128 was used but not when fork 256 was employed, which produced 
only a sense of touch 

Electrical stimulation was effected by a Du Bois Raymond inductorium. With 
a key to deliver single make and break shocks we used a stimulating electrode 
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Luciani * stated that “the afferent fibers from tlie heart are incapable 
of conveying clear or conscious sensations.” Souligoux = found that 
wounds of the heart are not in themselves painful and believed that the 
pain that occurs on the second or third day is due to inflammation 
of the pericardium or pleura. Lockwood " stated that in a case of a 
missile in the heart, when the heart and pericardium were handled the 
patient did not complain of pain or distress, cither cardiac or respira- 
tory, although only local anesthesia was used. Auchincloss ' produced 
pain in the shoulder when he placed a clamp on the pericardium at its 
junction with the diaphragm. Cutler and Beck « found that the peri- 
cardium is sensitive, especial!}' when inflamed, and Cutler ” expressed 
the opinion that its upper and lateral portions are relatively much less 
sensitive than its lower portions. 

Capps produced no pain when the pericardium and heart were 
touched, pressed or scratched with a silver wire introduced into the 
pericardial cavity through a cannula in four patients with pericardial 
effusion. In two patients he “tripped" the apex of tlie heart with the 
wire. One of these complained of a “queer aching sensation like 
pressure” in the stimulated area ; the other had an uncomfortable feeling 
over the heart, and “skipped beats,” but no pain. No pain occurred 
in two cases when the pericardium was pierced with the trocar and 
cannula at the level of the fourth intercostal space near the midclavicular 
line, but there was definite pain in the region of the left trapezius 
muscle in two other cases when the pericardium was pierced at the 
level of the fifth and sixth interspaces. In cases of drj' pericarditis 
with friction rub and in cases of pericardial effusion, Capps’ patients 
had local sensations of oppression, tightness and dyspnea, but never 
pain unless there was pleural involvement. He concluded that peri- 
carditis is a painless disease and that mechanical irritation of the serous 

4. Luciani, Luigi; Human Physiolog}', translated from the Italian by 

Frances A. Welby, edited by Dr. M. Camis, London, MacMillan & Company, 
1911, vol. 1, p. 335. ' 

5. Souligoux, Charles: Affections chirurgicales de la poitrine, Paris, J. B. 
Bailliere et fils, 1911, p. 106. 

6. Lockwood, Ambrose L. : Surgery of the Pericardium and Heart, Arch. 
Surg. 18:417 (Jan.) 1929. 

7. Auchincloss, Hugh, in discussion on Peterson, Edward W. : Suppurative 
Pericarditis, Arch. Surg. 16:377 (Jaii.) 192S. 

8. Cutler, Elliott C., and Beck, Claude: Surgery of the Heart and Pericar- 
dium, in Nelson’s Loose-Leaf Living Surgery, New York, Thomas Nelson & Sons, 
1927, vol. 4, chapt. 4. 

9. Cutler, Elliott C. : Verbal communication, March 27, 1929, 

10. Capps, Joseph A,: Pericardial Pain: An Experimental and Clinical 
Study, Arch. Int. Med. 40:715 (Nov.) 1927. 
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pericardium causes no pain. Lord” remarked on the infrequency of 
pain in pericarditis. 

Simenauer tested the sensation of the outer or pleural surface of 
the pericardium by approaching it with a thoracoscope-cautery outfit 
in three patients under treatment with artificial pneumothorax. Touch, 
light and heavy pressure, and pricking were not felt, but very heavy pres- 
sure at the level of the sixth rib was felt as an unpleasant sensation. In 
one case pressure on the pericardium in the region of the apex of the 
heart caused a pain like that in angina pectoris and a sensation of 
pressure on the mesial surface of the upper left arm and in a part of 
the lower arm. 

SUMMARY 


1. The response of the human heart, parietal and diaphragmatic peri- 
cardium to various forms of directly applied stimuli, has been deter- 
mined in a patient whose heart was exposed by pericardiostomy for 
suppurative pericarditis. 

2. The ventricles were insensitive to light touch. Rubbing was 
interpreted as pressure. Heavy pressure and pricking with a needle 
were interpreted as touch. Tension on the left ventricular wall caused 
no pain. Heat from 130 to 140 F. and cold from 40 to 50 F. were not 
identified. Application of tuning forks with 128 and 256 vibrations 
per second did not produce a sensation of vibration. Electrical stimu- 
lation caused pain only when extraS 3 'stoles occurred. Two blunt points 
of pressure simultaneously applied from 2 to 3 cm. apart on the right 
and left ventricles were identified as two points. Two points of pressure 
on the right ventricle were constantly said to be one point and one point 
of pressure on the left ventricle, two points. 

3. The diaphragmatic pericardium did not feel light touch. Heavy 
pressure was interpreted as “a feeling” or pressure, and once as slight 
pain. Heat, cold and viimation were not identified. Two points of 
simultaneous pressure, 3 cm. apart, were not distinguished as two, and 
on two occasions one point of pressure was said to be two. 

4. The parietal pericardium had a sensation of pressure when 
pressure was applied to the inner surface of its posterior and left 
posteriolateral walls. When pressure was applied forward against the 
anterior pericardium and thoracic wall, there was severe local and 
referred pain. Pain was also produced by sweeping the finger around 
the pericardial cavity, by pinching, pricking and scratching the inner 
surface of the pericardium. Heat and cold were not identified. 


Suppurati 


:ive 


11. Lord, Frederick T„ in discussion on Peterson, Edward W • 
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5. With the exception of pressure against the anterior pericardium, 
none of the stimuli applied to the heart or pericardium caused distant 
reference of sensation to any part of the body. 

6 . The stimuli used to evoke sensory response produced only two 
reflexes that we detected. One was the “squirming” of the body and 
the extremities on painfully stimulating the heart or pericardium. These 
movements ma}' have been wholly or partly voluntary. The other 
reflex was the activation of coughing on irrigating the pericardial 
cavity. 

7. Our observations do not justify conclusions as to the nerve paths 
concerned in the sensations produced. 

ABSTRACT OF DISCUSSION 

Dr. E. a. Graham, St. Louis: I want to congratulate Dr. Churchill particu- 
larl.v for the e.xccllent result obtained in his case. I think it is interesting that 
Dr. Churchill, Dr. Allen and I should be thinking about the same thing at about 
the same time. 

In the cases which I presented and talked about yesferda.v, I doubt whether 
the procedure of removing a portion of the pericardium would have had any 
particular value, although possibly in the case of the boy who died there might 
have been some beneficial effect from removing part of his pericardium. 

In ths two fatal cases which were shown yesterday, however, the hearts were 
greatly enlarged. I am anxious to know whether there is much scar tissue in 
the parietal pericardium with supposedly resultant constriction, and whether one 
can expect to find clinical or x-ray evidence of a greatly enlarged heart when the 
parietal pericardium is thick. I have not any literature bearing on that point. I 
am wondering if perhaps Dr. Churchill has. At any rate, it is a splendid result, 
and I congratulate Dr. Churchill most heartily. 

I think the important point in Dr. Churchill’s case, together with any possible 
importance in the remarks I made yesterday, is to emphasize the fact that there 
must be literally hundreds of cases of this sort in which the patients are going 
around not getting relief and having their condition regularly diagnosed as chronic 
heart disease. These conditions are amenable to surgical measures, the simple pro- 
cedure of removing a section of the wall of the chest and, in some cases, a portion 
of the pericardium. 

Dr. Howard Lilicnthal, New York: About five years ago I operated on a 
patient with a calcified pericardium, who had all the symptoms which Dr. 
Churchill has mentioned in his paper. 

i\Iy only reason for speaking, other than to congratulate Dr. Churchill on his 
operation, is to say that in the case in which I performed an operation the peri- 
cardium had practically turned to stone. It was nearly a third of an inch in 
thickness. It felt and looked like an ordinary plaster cast. The patient had a 
huge liver with great ascites. She was a woman in the early twenties. Hy 
approach at that time was one which I think I would use again, and which I 
would strongly recommend. It is the first and only time I have used it, but I 
am sure it has great advantages in cases of this kind. I refer to the Duval- 
Barasty incision. It is a thoracolaparotomy, an incision longitudinally dividing 
the gladiolus and xiphoid. With the sternum shears, the surgeon incises sagittally 
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nearly to the umbilicus. With a rib spreader in the edges of a wound of that 
kind, a magnificent exposure is aflPorded. It does not seem to be at all shockmg 
to the patient. In my own case it was practically bloodless. In these cases m 
which the disease is due, not to adhesion of the wall of the chest, but to t e 
compression of the heart itself, it has the advantage of preserving the wall of the 

I failed to cure my patient, for I was unable to cut through that tremendously 
thick, tough cast that was over the heart without, what I considered, grave 
danger. I did go through it for about an inch and a half and entered what I 
conceived to be the auricle. There was some bleeding which yielded to packing. 
The patient was relieved and was rvalking about a few days afterward, although 
she had a little infection in the wound. She was discharged from the hospital 
somewhat improved. She lived a number of years afterward and then died of 
the disease. 


Dr. Alton Ochsner, New Orleans: There is just one point that I want to 
make with regard to the pathologic process and the technic. 

I had the good fortune of serving as assistant to Schmieden in Frankfurt 
when he operated on three of these patients. The pathologic process is not only 
a fibrosis of the pericardium, but a marked fibrosis of the myocardium and epi- 
cardium. In two of these cases in which Schmieden performed an operation, it 
was impossible to tell wlien a part of the pericardium was removed. Frequently, 
the scalpel evidently went into the cardiac musculature. 

I think Dr. Churchill is to be especially congratulated on the result he obtained. 
The results obtained in these cases are remarkable. They are all selected cases 
and, naturally, relatively few of them can be done; but I can agree with Dr, 
Churchill that in the selected cases the results are highly desirable and the opera- 
tion should be done. 


Dr. Elliott Carr Cutler, Cleveland : I have had two experiences with similar 
cases, and would like to congratulate Dr. Churchill on bis brilliant success. 

The great difficulty for ail of us is going to be to choose the right procedure 
even when we have such cases referred to us. The correct procedure may not 
be clear until the lesion is exposed. 

This (indicating on a slide) is a case of calcified pericardium, with symptoms 
e.xactly similar to those described by Dr. Churchill. This is the heart after 
removal, and after removal of the pericardium. The calcification in this case 
extended all through the heart muscle. The diaphragm, the apex of the heart 
and the pericardium were one solid piece of bony substance. All the material 
that we could remove in the region of the right ventricle was removed. But a 
knife and scissors were ineffective and rongeurs were resorted to. 


Cases in this group will vary between this sort with a calcified pericardium, 
in which there is a lime and salt deposit around the coronary vessels, and cases 
of simple, adherent mediastinitis. 

In the simple case in which the pericardium is adherent to the wall of the 
chest, when the intrapericardial adhesions are not so bad, the surgeon may do 
a great deal of good. During the past year, I unfortunately did a simple rib 
resection— the ordinary Brauer operation— on a patient suspected of having this 
condition. The patient benefited little by it and died six or eight months later 
Autopsy showed that the patient should have had a Delorme operation. On the 
other hand, in certain cases the Delorme operation, or any sort of operation k 
dangerous and probably foolhardy. Diagnosis must be improved. ’ 

I think the lesson to learn from this case is that there are a great many cases 
of disease of the pericardium that the physicians will not diagnose unless pushed 
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by the surgeons. Pliysicians will let such patients sit in bed, giving tliem digi- 
talis for ten years without any hope of benefit, and not let the surgeon, who may 
offer possible hope, even examine the case in consultation. 

Dr. Pol. N. Coryllos, New York: I want to congratulate Dr. Churchill for 
his remarkable presentation and to express my deepest respect to the internist 
who in this case asked the collaboration of the surgeon. The case reported by 
Dr. Churchill shows the feasibility of Delorme's operation in well selected cases. 
Unfortunateb’, the selection of these cases is a great diagnostic problem because 
the clinical diagnosis of adhesive pericarditis is extremely difficult. Over a hun- 
dred years ago, Corvisart, and more recently, Norris and Landis have stressed 
this point. The latter concluded that pericarditis is to be suspected if in an 
endocarditis of rheumatic origin the cardiac failure is more marked than the 
endocardiac damage seems to warrant. 

Another diagnostic problem is the determination of the variety of the adhesive 
pericarditis. The adhesions nia3’ be limited to the two la3'ers of the pericardium 
alone, and might produce an incomplete or even complete obliteration of the peri- 
cardial cavity. Or thc3’ ma3’ e.xtend to the surrounding structures, mediastinum, 
lungs and wall of the chest, as in the adhesive mcdiastinopcricarditis of Pick. In 
the first variety the heart is encased in a thick solid, unc.xtensible, sometimes 
calcified sac, which limits its movements as a tightb’ fitting glove limits the move- 
ments of the hand, according to the expression of Cutler. In that variety there 
may be no adhesions to the thoracic wall and consequently absence of the three 
clinical signs characteristic of the disease, namely, systolic retraction, diastolic 
shock and fixation of the apex notwithstanding changes of position of the patient. 
The heart may be extremely hypertrophied, but it also may be small because of 
the inextensibility of the thickened pericardium. 

In all these cases an imperative indication is present. The pressure exerted 
on the heart, and the additional work imposed on it because of the tightness of 
the adhesions and the rigidity of the structures pulled on should be relieved. I 
shall go even further and say that in every case of rheumatic heart, especially 
when it is greatly hypertrophied, on which digitalis has no effect, surgical inter- 
vention is indicated, provided that the infectious process is arrested and the 
patient has still sufficient rdtality to withstand operation. This will be the Brauer 
operation. In the presence of parietopericardiac adhesions the heart will be 
greatl}’- relieved. In cases of simple “cor bovinum” even without pericardiac adhe- 
sions the decompression of the heart will often have a gratif3'ing effect, as Dr. 
Graham has insisted on. This operation, harmless by itself, may serve as the 
first stage of the ulterior Delorme operation as suggested by Cutler. 

I had the opportunity to perform the operation of Brauer three times with 
such gratif3'ing results that I wonder wh3' this operation is not performed more 
often. 

I feel convinced that when internists will be more familiar with the indications 
and the benefits of this procedure, and less reluctant to consult the thoracic sur- 
geon in cases of cardiac disease, a new and interesting era of medicosurgical 
treatment in cardiac diseases will begin, following the path of the evolution of 
the treatment of pulmonary diseases. Delorme, Beck, von Schmieden, Cutler and 
Churchill have already shown the way by their pioneer work. 

Dr. Edward D. Churchill, Boston : My apology for bringing a single case 
report before this society is that in so many aspects it forms an ideal or textbook 
picture of this unusual condition and its treatment. There are two important 
reasons why this particular patient was what may be called an ideal case. First, 
the myocardium 'was sound ; and second, the left ventricle was not involved in 



ALEXANDER ET AL.— CARDIAC SENSIBILITY 


1483 


the scar. In addition, I did not have to deal with an extensive degree of calcifi- 
cation such as Dr. Cutler and Dr. Lilienthal described. 

Again, I was fortunate in finding a good line of cleavage so that the peri- 
cardium came off like the skin of an orange. In a few places adhesions required 
sharp dissection, but it was practically bloodless except in one spot on the surface 
of the heart which required a silk stitch ligature. Schmieden had a case in which 
the adherent pericardium blended with the myocardium with such intimacy that 
he had to hold his knife blade parallel to the surface and cut the thickened scar 
away in slices. 

I agree with Dr. Graham that it is highly questionable as to whether the peri- 
cardium should be resected when one is doing a decompression for an enlarged 
heart. In such a case one is dealing with a weakened myocardium in addition to 
other factors. 

In regard to the sternum-splitting incision used by Dr. Lilienthal, I believe that 
it is excellently adapted for exploration of the pericardial cavity and for the 
valvulotomy of Dr. Cutler. The advantage of the approach which I have pictured 
is that it leaves the patient with a Brauer cardiolysis in addition to the actual 
pericardial resection. As the heart becomes adherent after the lysis of adhesions, 
a flexible precordial area may well prevent further difficulty. 



OPERATIONS ON THE INNOiMINATE ARTERY 

report ok a successful ligation 

JAMES GREENOUGII, M.D. 

COOrKRSTOWN, N. V. 

In July, 1923, a while woman, aged 45, was seen in the outpatient department 
of Bellevue Hospital with a throbbing swelling in the right side of her neck. 
There were hard nodules about this area, and she was referred to the Memorial 
Hospital for treatment for metastatic carcinoma. A specimen removed from the 
neck showed chronic innammatory disease. She returned to the clinic and was 
admitted to the First Surgical division on Nov. 6, 1923, for observation. 

She was complaining of severe pain. On examination she appeared to be 
rather old for her age, with considerable arteriosclerosis. She had a tremor of 
the hands and head, which was diagnosed paralysis agitans. The aneurysm in the 
neck was thought to he of the right common carotid artery. The Wassermann 
reaction was negative. In view of her general condition operation did not seem 
advisable, and she was discharged on November 27. 

She was readmitted to the hospital on Sept. 16, 1924, because of an increase in 
pain. It radiated down her right arm and to her chest. The pain and dyspnea 
kept her awake at night. E.vamination revealed practically the same condition as 
before. The heart was normal in size, hut there was a diastolic murmur over 
the aortic area and a systolic murmur at the apex. There was a thrill over the 
aneurysm. The right and left radial pulses were equal. There was some question 
as to the site of the aneurysm at this time, opinion being divided between aneurysm 
of the carotid and aneurysm of the subclavian arteries. -As the pain seemed to be 
much more severe operation was decidcti on, and on September 20, with the patient 
under general anesthesia, I c.xplorcd the neck and ligated the innominate, carotid 
and subclavian arteries. 

There was a diffuse fusiform aneurysm of the upper part of the innominate 
artery and the first portion of the subclavian artery. The carotid was enlarged 
just at its origin. 

An incision 6 inches (15.2 cm.) long was made Yz inch (1.3 cm.) above the 
right clavicle. This was deepened through platysma and fascia exposing the 
sternomastoid and clavicle. The sternomastoid was pulled laterally, and it was 
found that the aneurysmal mass was below the sternohyoid and sternothyroid and 
behind the clavicle. The clavicle was disarticulated from the sternum and turned 
laterally, exposing the retroclavicular tissues. The sternomastoid was cut at its 
insertion into the sternum, and the sternothyroid and sternohyoid were dissected 
.away from the aneurysiiial sac. The carotid, subclavian and innominate arteries 
U'ere exposed in the bottom of the wound. It was found easy to surround the 
innominate artery without injuring the pleura. The carotid was distorted, being 
raised upward in the neck at its origin. The innominate artery was temporarily 
shut off and there was then felt no pulse in the right radial or right temporal 
arteries. However, at the end of five minutes there were still signs of circulation 
in the extremity, and it was deemed possible to ligate. Two ligatures of no. 2 
chromic catgut, doubled, were passed around the innominate artery from within 
outward, and the innominate was ligated as close to the arch as could be reached 
without passing below the sternum. This was apparently proximal to the aneo- 
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On November 25, an incision was made over the right clavicle. The clavicle 
and sternum were separated by inch and the medial end of the clavicle had 
ebonized. The sinus was enlarged, the medial end of the clavicle was removed 
with a chisel and rongeur and an oval opening was left 1 inch (2.5 cm.) in diame- 
ter, with firm granulating tissue at the bottom. The wound was packed with 
dichloramine-T. The sinus was dressed daily, but the lower part did not heal as 
there was apparently still a portion of bare bone at the end of the clavicle. The 
patient was discharged on Jan. 1, 1925. 

She Was readmitted to the hospital on Februnrj' 19 with an increase in the 
tenderness about the sinus, which had never closed. She had been at a con- 
valescent hospital. No carotid pulse could be felt, nor was there any pulsation 
over the clavicle. The right radial pulse was fainter than the left. Blood 
pressure observations, on February 20, showed in the right arm a pres- 
sure of 120 systolic and 100 diastolic and in the left 174 systolic and 
104 diastolic. On February 26, the sinus was opened again. The granula- 
tions were soft and unhealthy. Another portion of the clavicle, 1.5 by 
0.5 cm., had sequestrated and was removed. A portion of the bone over the 
sequestrum was removed, and an oval opening packed with iodoform gauze was 
left. Granulations gradually filled in and the patient was discharged to the City 
Hospital on April 6, with a small sinus. She was discharged from that hospital 
on April 17, 1925, and lost from observation. At that time there was a sinus still 
communicating with the inner end of the clavicle. The aneurysm was apparently 
healed as there was no mass and no pulsation. The pulse in the right radial 
artery was less than in the left and was absent in the right carotid. The use of 
the arm was interfered with by the osteomyelitis of the clavicle which had not 
healed.* 

DATA FROM THE LITERATURE 

Including my case, I have been able to find in the literature reports 
of 91 cases of operation on the innominate artery (table 1). They may 
be grouped as follows: 

The innominate artery' alone was ligated in 43 cases (table 2). 
These operations were performed for subclavian aneury'sm in 26 cases, 
carotid aneurysm in 4, bifurcation aneury'sm in 4, multiple aneurysm in 
4, wounds in 4, and 1 case in which the diagnosis was unknown. There 
were 28 deaths and IS recoveries, a mortality of 65 per cent. There 
were previous or subsequent ligations in 13 of the cases, or about 30 
per cent. Of the 37 aneury'sms, 10 are reported cured, 9 clotted and 3 
improved. The aneury'sm was thus definitely benefited in 59 per cent. 

The innominate and carotid arteries were ligated in 20 cases (table 
3). The operation was performed for subclavian aneurysm in 13 cases, 
bifurcation aneurysm in 2, multiple aneury'sm in 2 , innominate aneury'sm 
in 1, stab wound in 1 and in 1 case in which the diagnosis was 
unknown. There were 9 deaths and 11 recoveries, a mortality of 45 
per cent. There were previous or subsequent ligations in 6 of the cases, 
or 30 per cent. Of the 18 aneury'sms, 6 were reported cured, 2 clotted 
and 4 improved. Thus 66 per cent of the aneury'sms were benefited. 

1. J. A. McCreery, Chief of the First Surgical Division, Bellevue Hospital, 
gave me permission to report this case. 



Table 1. — Data on Ninety-One Cases of Operation on the Innominate Ai tery 


Case Surgeon 

1 V. Mott 

2 Graete 

3 Korman 

4 Arcndt 

5 Hall 

0 TV. H. Porter 

7 Bland 

8 Bujalsky 

9 Untnoira, reportca 
by Dupuytren 

10 Kubl 


11 Lizar. 

12 Hoffman 

13 Hutln 

14 Key 

15 Peixoto 

10 Pirogofl 

17 Gore 

IS Cooper 

19 Cooper 

20 Smyth 

21 Lynch 

22 G.H. Porter. 

23 Bickerstcth. . 
2i A. B. Mott... 

23 Partridge.... 
20 O’Grady 

27 Buchanan.... 
23 Thomson.. 

29 Bants 

30 Bull 

31 Ann and ale.. 

32 HcHcrlch,... 


33 May 

34 Durante, 


Date 

ISIS 

1823 

1824 
1827 
1830 


Diagnosis 

Subclavian aneurysm 
Subclavian aneurysm 
Subclavian aneurysm 
Subclavian aneurysm 
Subclavian aneurysm 


1831 Subclavian aneurysm 

1832 Subclavian aneurysm 

1833 Subclavian aneurysm 

1834 DnJaioirn 

1838 Neoplasm of face 


1837 Subclavian aneurysm 

1839 Subclavian aneurysm (2) 

1841 A.villar}' tround 
1844 Innominate and sub- 
clavian aneurysm 

1851 Tumor of ear 

1852 Subclavian aneurysm 

1850 Subclavian aneurysm 

1859 Subclavian and caro- 

tid aneurysm 

1860 Subclavian aneurysm 

1801 Subclavian aneurysm 

1807 Wound 

1807 Subclavian aneurysm 

1868 Subclavian aneurysm 

ises Dnknown 

1870 Carotid aneurysm 

1873 Axillary and subclavian 

aneurysm 

1880 Subclavian aneurysm 

1882 Subclavian aneurysm 

1853 Subclavian aneurysm 

1884 Subclavian aneurysm 

16S5 Subclavian aneurysm 

1880 Subclavian aneurysm 


ISO Subclavian aneurysm 
1887 Subclavian aneurysm 


Oi>eration Result 

Innominate ligation Death 

Innominate ligation Hoath 

Innominate ligation Death 

Innominate ligation Death 

Ligature through Death 

innominate 

Attempted innominate Recovery 
ligation 

Innominate ligation Death 

Innominateligation Death 

Innominate ligation Death 

Subclarian and caro- Death 

tid ligation thought 
to be innominate 
Innominate ligation Death 

Attempted innominate Death 

ligation 

Innominateligation Death 

Attempted innominate Death 

ligation 

IWcautionary innomi- Recovery 

nate ligature, not tied 
Innominateligation Death 

Innominate ligation Death 

Innominate ligation Death 

Innominate ligation Death 

Innominate and caro- Recovery 

tld ligation 

Innominate ligation Death 

Innominate acupres- Death 

sure 60 hours 

Innominate ligation Death 

Innominate and caro- Death 

tid ligation 

Innominate ligation Death 

Innominate and caro- Death 

tld ligation 

Innominate ligation Death 

Innominate ligation Death 

Innominate and caro- Death 

tid ligation 

Innominate, carotid Death 

and vertebra] ligation 
Pressure on innomi- Death 

nate artery 

Innominate, carotid Death 

and subclavian 
ligation 

Innominate ligation Death 

Innominate, carotid Death 


33 Lowtas 1889 Wound 

36 Twynam 1889 Subclavian aneurysm 


Recovery 

Death 


37 

JncolasoDe 

2S90 

Subclavian aneurysm 


Helferlch 

1890 

Bifurcation aneurysm 

39 

Coppinger 

1893 

Subclavian aneurysm 

40 

Hernandez 

1894 

Wound 

41 

Parham 

1694 

Bifurcation aneurysm 

43 

Ss'inonds 

1894 

Subclavian aneurysm 

43 

Burrell 

1S95 

Subclavian aneurysm 

44 

Harte 

1800 

Wound 

4r> 

Gay 

1890 

C-’t- 

40 

Soliumpert 

ISOS 


47 

Moynlhan 

1893 


48 

Bennett 

189S 


40 

Ourtfs 

1890 


50 

DeLau^v..... ...... 

1900 


51 

von Rueiligcr. .... 

IDOl 

clovlan aneurrsm 
Subclavian aneurysm 


52 Baliauce IPCC Bifurcation aneurysm 


Innominate and caro- 
tid ligation 

Attempted Innominate 
ligation 

Innominate and caro- 
tid ligation 
Innominate ligation, 
carotid damped 
Attempted innominate 
ligation 

Innominate and caro- 
tid ligation 
Innominate ligation 
Innominate, carotid, 
subclavian, jugular 
vein ligation 
Innominate ligation 
Innominate ligation 
Innominate and caro- 
tid ligation 
Innominate ligation 
Innominate ligation 
Innominateligation 


Death 

Death 

Recovery 

Recovery 

Death 

Recovery 

Death 

Death 


Deatli 

Death 

Death 

Death 

Rccoveri’ 

Death 


Innominate and sub- 
clavian ligation: sac 
partially e.xciscd 
Innominate and caro- 
tid ligation 


Death 

Death 


Iahle I Data on Nmcty-Onc Cases of Opctatwn on the Innommatc 
At let 'V - — Contmued 


Cn‘-c Surgeon 

Date 

Dingno<;is 

SI Vermni 

1001 

IlemorrJiftgc 

jl Slicen 

lOOl 

Subclavian aneurysm 

55 Siilgo 

IDOl 

Irnmnatlc carotid 
anonry sm 

5G Snipo 

190G 

I'raumalic v arieoeo 
subclntlan nncury cm 

57 Halsted 

1005 

SnbeJ'nlan aneurysm 

58 Cunco 

1005 

Innominate and aortic 
aneury «ni 

'5 Oiirtfs 

1907 

Subclavian nncurv«Tn 

(lO Hiilstcd 

1907 

Illfurcntlon aneurysm 

01 Burns 

1907 

Subclavian iinetirysin 

(2 JIjJcs 

1908 

Subclavian aneurysm 

(iS I£( rron 

]90S 

U*! aiimatlc subclnv Inn 
aneurysm 

G1 Kiinurn 

1903 

Ilifnrcatlon nncury *:m 

C5 Bnllnnco 

1000 

Bifurcation aneurysm 

CC Sargent 

1000 

Innominate nncury cm 

07 MorJ 

1911 

Subclavlnn aneurysm 

OS Bnllnnco 

1911 

Subclavian aneurysm 

09 Morl'on 

3912 

Subclavlnn nncury <m 

70 Hnlstcd 

1912 

Recurrent subclav mn 
aneurv*:in 

71 linmann 

391S 

Subclav Ian nncury <5n) 

72 Uliompson 

1914 

Subclavlnn nncury ‘sin 

73 Bessnol 

3015 

Innominate nnd caro 
tld aneurysm 

74 Hnniann 

191G 

Subclavlnn aneurysm 

75 Hninnnn 

1910 

Bifurcation aneury «in 

70 CoUBlilin 

1910 

Subclavian aneurysm 

77 Sinclair 

1910 

1 raumntic carotid 
aneurysm 

7S CoUBldin 

1910 

Unlknown 

79 Staklns 

War 

Gun shot wound 
subclavian 

SO Mallns 

War 

1 raumatic subclav lan 
\ aricosc aneury sin 

81 Snucrbnicli 

War 

Gun shot wound, 
innominate 

S2 Hnlsted 

1918 

Carotid aneury sm 

S3 Bold 

1916 

Innominate aneurysm 

84 Hnlsted 

1918 

Gun shot wound, 
innominate 

S5 B dJanct 

1918 

Subclavian aneurysm 

80 J ucKclson 

1919 

Carotid aneurysm 

87 Hertzlcr 

1922 

'rraumatle subclav inn 
aneury sm 

88 Holman 

1922 

Tiaumatlc, subclavian 
aneurysm, vnrico*50 

89 Grcenougli 

1924 

Bifuication aneurysm 

00 Sauerbruc!) 

1925 

Tumor tbyroid nip 
turc of innominate 

91 rilnt 

1927 

Traumatic bifurcation 
aneurysm 


Operation Result 

Innominate Ugntion Death 

Innominate and caro Rcco\crv 

tid ligation 

Innominate Ji/jntJon Reco^erj* 

Tnnomlnatollg itlon Reco\crj 

innominate cut 

Partinl/nnominate Reco^civ 

ligation 

Innominate ligation Reco\cri 


Innominate ligation 
Innominate ligation 
Innominate ligation 
Innominate and caro 
t/d ligation, 
carotid cut 
Innominate, carotid 
and subchninn 
arteries, subclavian 
and jugular >cin 
ligated carotideut 
Innominate, carotid 
and siibcIaMon 
ligation, all cut 
and «ac eveiced 
Innominate ligatlori 
Innominate and caro 
tld ligation 
Innominate and caro 
tid ligation 
Innominate ligation 
Innominate and caro 
tid ligation 
InnomiDate ligation 


Deitli 
Recovcr\ 
Rcco^Gfi 
I>e itli 


Rcco\er\ 


Rico\cr> 


Death 
Roco^ cr> 

Reco\ erj 

Recover} 

Recover} 

Reco\ery 


Innominate and caro Rwo^er) 

tld ligation 

Innominate ligation Dentb 

Innominate ligation Recover} 


Innominate and caro Recot cr} 

tld ligation 

Innominate and caro Death 

tid ligation 

Innominate and caro Rccoter} 

tld ligation 

Innominate ligation Recot crj 

^Vttempt to l/gato Death 

innominate 

Innominate clamped Death 

tempornnl} , sub- 
clavian ligation 

Innominate, subclatiun Recotcrt 
urtcr} and subclatinn 
teiD ligation saee^Dl<5cd 
Suture of innominate Death 


Innominate ligation Rccoter} 

Attempt to ligate Death 

innominate 

Suture of Innominate Rocoterj 


Innominate ligation Recover} 

Innominate, carotid, Recover} 

subclavian ligation 
sac partly excised 
Innominate ligation Rccot ei } 

Innominate, subclavian Recover} 

artery and t cm and 
snesuturoO 

Innominate, carotid Recovery 

and subclavian 
ligation 

Innominate suture Recov cry 

Innominate ligation Recovery 

and subclavian suture, 
sac pacl^ed 



Tablf 2 — Imwmifiafc Ligafioiis 


2,0 Diagnosis 

1 Subclavian ancurssm 

2 Subclavian aneurjsm 

3 Subclavian aneurjsm 

4 Subclavian aneurysm 
7 Subclavian aneurs sm 

5 Subclavian aneurysm 
9 Dnl-novin 

11 Subclavian aneurysm 
13 Wound 

1C Subclavian aneurjsm 

17 Subclavian aneurysm 

18 Carotid and subelav lan 

aneurysm 

19 Subclavian aneurjsm 
21 Wound 

23 Subelav lan aneurysm 

25 Carotid aneurjsm 
27 Subclavian aneurjsm 
23 Subclavian aneurysm 
33 Subclavian aneurysm 
35 Wound 

43 Subclavian aneurjsm 
45 Subclavian aneurysm 
4G Bifurcation aneurysm 

48 Bifurcation aneurysm 

49 Subclavian aneun sm 

50 Subclavian and bifurcation 

aneurj sm 
53 Wound 

55 Traumatic carotid aneurj sm 
50 Traumatic varicose subcla 
vian aneurjsm 

57 'I’raumatic varicose subcla 

vian aneurism 

58 Aortic and innominate ancu 

rjsm 

69 Subclavian aneurjsm 
00 Bifurcation aneurjsm 

G1 Subclavian aneurysm 
63 Bifurcation aneurysm 
68 Subdavian aneurjsm 

70 Subclavian aneurysm 

72 Subclajian aneurysm 

73 Innominate and carotid ancu 

rysm 

77 Traumatic carotid 
82 Carotid aneurysm 
85 Subclavian aneurjsm 

87 Subclavian ancurv«m 


Result 

Date 

Other Ligations 

Aneurj sm 

Death 

25th daj 


Infected 

Death 

67th (lay 


Death 

5th dav 



Death 

Death 

8tb da\ 
IStli da 5 


Temporary im 


provement 

Death 

3th day 



Death 

Death 

2Ist day 


Clotted 

Deatli 

12th hour 

Subclavian 

Improved 

Death 

2d das' 


Death 

ICth day 


Clotted 

Death 

9th day 



Death 

41st day 


Clotted 

Death 

12th da} 

Carotid 

Clotted 

Death 

6th day 

Innominate 



pressure 


Death 

hours 

Carotid 


Death 

Death 

40th day 


Clotted 

Death 

18th day 


Partly clotted 

Recovery 

43d day 


Clotted 

Death 

WMth day 


Death 

41st day 

Carotid 


Death 

Death 

Recovery 

9th daj 

3d day 

11 months 

Carotid and 

Cured 

ISth day 

suhclavian 
Carotid and 

Clotted 

Death 

vertebral 


Death 

Recovery 

9 months 

Carotid 

Cured 

Recovery 

7 months 

Subclavian nr 

Cured 


tery and vein; 
cvcision of sac 



Recovery 

15 years 


Cured 

Recovery 

5 years 


Improved 

Death 

4th day 


Clotted 

Recovery 


Carotid 

Cured 

death 

11 month' 



Recovery 

31st day 



Death 

30 hours 



Recovery 

1 month 


Cured 

Recovery 

47th dav 

Subclavian 

Improved 

Death 

67th day 


Clotted 

Recovery 



Cured 

Recoverj 

3 months 


Cured 

Recoverj 

6 rears 

Carotid 

Cured 

Recovery 



Cured 

death 

2 years 



Recovery 

< months 

Carotid and 

Unebanged 



vertebral 


Tabli; 3 — Iiiiioiiniiale and Carotid Ligations 


^o Diagnosis 

20 Subclai lan aneurysm 

21 Dnlvnoim 

20 Subelav Inn and avillary 
aneurysm 

29 Subclavian aneurysm 
lO Subclavian aneurysm 
37 Sulielavian aneurj am 
19 Subclavian aneurj sm 

46 Wound 

42 Subclavian aneuryara 

47 Subclavian (2) and avillarv 

aneun am 

"2 Bilurcation aneurysm 
31 Subclavian ancuryam 
02 Siibclni lan aneurjsm 
06 Innominate ancuryam 

IT Siihclavian aneurjsm 
01 Subclavian ancuryam 
Tl Subcl 11 lan aneurjsm 
n Subclavian aneurj am 
7i llifiircntion aneurj ain 
To Subcl IV lan uueviTvam 


Result 

Recov crj 
deatli 
Dcatb 
Death 


Date 


17 month' 
23d daj 
15 hours 


Other Digations Aneurysm 
Vertebral Imnroved; 

recurred 

Ruptured 


Dcatb 

I94th day 

Subclavian 

Death 

18 hours 


Death 

10 th day 


Recovery 

210 years 


Recov erv 

6 years 


Recovery 

5 yearn 


<lcatU 

Death 

1 hour 

Siibclavinn and 
avillary 

Death 

1 % days 

Recovery 

9 months 

Subclavian 

Death 

1 month 

Carotid 

Recovery 

dentil 

17 months 


Recovery 

r> years 


Recover} 

2 years 


Recoverj 

13 month® 


Recovery 

2 inonth> 


Death 

4 Uavs 


Recovery 

2 year® 

Partial innom 
mate 


Improved 

Clotted 

Clotted 

Cured 

Cured 

Second rup- 
tured 

Cured 

Cured 

Improved 

Improved 

Cured 

Improved 

Cured 
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The innominate, carotid and subclavian arteiies were ligated with 
or without associated veins in 6 cases (table 4). This was done for 
subclavian aneurysm twice, bifurcation aneurysm twice, carotid aneu- 
rysm once and gunshot wound once. Four patients recovered and 2 
died, a mortality of 33 per cent. There was previous ligation in 1, or 
16 66 per cent, of the cases. Of the 5 aneurysms, 4 were cured, or 80 
per cent. 

Tlie innominate and subclavian arteries were ligated in 4 cases with 
or without associated veins (table 5). Three ligations were performed 
for subclavian aneuiysm and 1 for bifurcation aneur}'sm. There was 


Tahll 4 — Innominate^ Caioltd and Subclavian Ligations 


No 

Diagnosis 

Kcsult 

Date 

Other Ligations 

Ancurj stn 

32 

Subclnvinn aneurism 

Death 

2d day 



44 

Wound 

Death 

Hour 

Cnrotld 


(53 

Subcla\lan nncunsm 

Recovery 

4 montlis 


Cured 

04 

nifuroatlon nnciirjsm 

Rcco\ erj 



Cured 

SG 

Carotid ancuri sm 

Reco\cr> 

6 J CITS 


Cured 

SO 

Bifurcation aneurism 

Reco\er3 

10 months 


inured 



Table 5 - 

—Innominate and Subclavian Ligations 


No, 

Diagnosis 

Hesult 

Date Other Ligations 

Aneurysm 

B1 

SO 

Subclavian aneurism 
lYaumatic r nrlcosc sub- 

Death 

Recovery 

Hour 

IStli daj 

Cured 

8S 

cinvinn ancurjsm 
Traumatic rnrlcoso sub- 

Kccovcry 

lyear 

Cured 

91 

clavlan anourjsm 
Bilurcatlou aneurysm 

Recovery 

0 months 

Cured 


Table 6 — Innominate, Carotid and Vertebral Ligations 


No 

Diagnosis 

Result 

Date Other Ligations 

Aneurism 

SO 

Subclavian aneurysm 

Death 

33d day 

Infected 

^4 

Subclatian aneurysm 

Death 

IGtIi day 



1 death, a mortality of 25 per cent. There were no previous or subse- 
quent ligations, and the aneurysm was cured in 3 cases, or 75 per cent 

The innominate, carotid and vertebral aiteries were ligated for sub- 
clavian aneurysm in 2 cases (table 6). Both patients died with no 
benefit to the aneurysm, a mortality of 100 per cent. There were no 
previous or subsequent ligations. 

Figure 1 shows a comparison of the mortality, the benefit to the 
aneurysm and the associated operations in these various groups. 

Unsuccessful attempts to ligate the innominate artery were made 
9 times Temporal y pressure was applied 4 times. The vessel was 
sutured 3 times. 

The causes for opeiation were aneurysm, 75; injury, 9; hemorrhage 
from 1 emote pathologic process, 3, and in 4 the cause was not given. 
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The 75 aneurysms were grouped as follows : subclavian, SO ; bifurcation, 
9- carotid, 6; innominate, 2; multiple, 8; involving the subclavian, 6 
times; innominate, 3; carotid and axillary, 2 each; bifurcation and 
aorta, 1 each. 

The total mortality for the series is 59.3 per cent. For purposes 
of discussion, I have divided the series into three groups. Table 7 
shows the cases that occurred previous to 1880, or in the preaseptic 
period. There were 27 cases with 3 recoveries, a mortality of 89 per 
cent. Table 8 shows the cases that occurred from 1880 to an arbitrary 
point in 1904, when the mortality rate suddenly began to drop. There 


MORTAurr 


mmnmATE unATio/i 43 cases 
mmMmrE + CAROTID u cat ion zo cases 
imOHMATE, carotid -tSUBCLAmn UGAT/ON 6 cases 

imOM/A/ATE -t SUBCLAVIAN LIGATION 4 CASES 
INNOMINATE, CAROTID V yeNTEBBAL UGATtON Z CASES 


** *.»_ / 




a 


ANEU/trSM IMPfiONEP 
INNOMINATE LIGATION 38 CASES 
innominate + CAROTID LIGATION IS CASES 
INNOMINATE, CAROTID SCBCLAyiAN LIGATION S CASES 

innominate i-SeaCLAy/AN LIGATION 4 CASES ^ 

INNOM/NATE, CAROT/D t ySBTESBAl LIGATION E CASES !'•: 


^£AC£fYrA$C 




Pfi£y/OU^ on SUBS£aU£NT OPSnAT/Of/ 

rCn Cc 

INNON/NATE U GAT/ ON 43 CASES jEfeScS ' T T 

innominate i-CABOr/O aCAT/ON EG CASES hrygSj ; • ; • 

INNOMINATE, CAROTID 4 SUBCLAy/ANL/GAT/ON 6 CASES ESEJ: | i j i 
INNOANNETE SUBCLAy/AN LteAT/ON 4 CASES !•*! I i i • 'j 

INNOMINATE, CAROr/O 4 yERTEaRAL LEGATION a CASES \’4. I : ; I 1 j 


•? 09 fi 


Fig. J. — Graphs showing mortality, improvement and additional operations in 
ligations of the innominate artery and its branches. 


were 26 cases with 5 recoveries, a mortality of 81 per cent. Table 9 
shows the 38 cases that occurred from 1904 to date in which there were 
29 recoveries, a mortality of 24 per cent. Figure 2 shows the mortality 
by tens from the beginning. This also demonstrates the sharp drop in 
the mortalify rate about 1904, 

Examination of the causes of death may show the reason for this 
change. Table 10 gives the causes of the 54 deaths as follows: sup- 
puration, suppuration and hemorrhage, or hemorrhage, 30. or 56 per 
cent; shock, II, and cerebral lesions, 7. Thus 48, or 89 per cent, are 
definitely due to causes arising from the operation itself. Infection is 
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In the 27 cases that occuiTed before 1880, when the mortality was 
89 per cent, there were 3 bone resections. In the 26 cases that occurred 
from 1880 to 1904, when the mortality was 81 per cent, there were 11 

Tablc 7 — Case; fiow ISIS to ISSO 


NO 

Surgeon 

Date 

Ligation 

Result 

1 

V Mott 

1818 

InnomiD.ate 

Death 

Death 

Death 

Death 

o 

3 

Graefe 

Nonnan 

1822 

1831 

Innominate 

Innominate 

i 

-Arendt 

1827 

Innominate 

> 

Hal! 

1830 

Needle through innominate 

Death 

n 

W H Porter 

1831 

Attempted innominate 

Recovers 

7 

Bland 

1S32 

Innominate 

Death 

S 

Bujalsks 

1833 

Innominate 

Death 

0 

Unknown 

1831 

Innominate 

Death 

10 

Kuhl 

1830 

Attempted innominate 

Death 

u 

Lizar 

1837 

Innominate 

Death 

12 

Hoffman 

1839 

Attempted innominate 

Death 

n 

Hutm 

1811 

Innominate 

Death 

u 

Key 

1811 

Attempted innominate 

Death 

15 

Peivoto 

1851 

Preeautionars’ mnomimte 

Recovers* 

10 

Pirogoll 

1852 

Innominate 

Death 

IT 

Gore . 

1856 

Innominate 

Death 

IS 

Cooper 

1859 

Innominate 

Death 

19 

Cooper 

1860 

Innominate 

Death 

20 

Sms th 

l&Gi 

Innominate and carotid 

Recovers* 

21 

Ds neh 

1SG7 

Innominate 

Death 

22 

G H Porter 

1807 

Pressure on innominate 

Death 

23 

BieVerstoth 

1868 

Innominate 

Death 

21 

A B Mott 

18CS 

Innominate and carotid 

Death 

25 

Partridge 

1S70 

Innominate 

Death 

20 

O’Grads 

1873 

Innominate and caiotid 

Death 

27 

Buchanan 

18«0 

Innominate 

Death 


CISC', 27; deatlis, 2-1, iiiortnlity, 81 per cent 


Table 8 — Cases fiom 18S2 to 1904 


Ko Surgeon Date 


Iijgntion 


Result 


2.S 

Thomson 

1882 

Innominate 

20 

Bank' 

lES? 

Innominate and enmtid 

30 

Bull 

1SS4 

Innominate. 

31 

Annandaie 

1885 

Pressure on 

32 

Hellerich 

18S6 

Innominate, 

33 

Mas 

ISSO 

Innominate 

34 

Durante 

18S7 

Innominate, carotid and vcrtehral 

3u 

Lew ta' 

1880 

Innominate . 

% 

Tsvsnam 

1SS9 

Innominate and carotid 

S7 

Jacob'on 

ISOO 

Innominate and carotid 

38 

Helforich 

1890 

Attempted innominate 

39 

Copplnger 

1893 

Innominate and carotid 

40 

Hernandez 

1894 

Innominate and carotid 

41 

Parham 

ISO! 

Attempted innominate 

42 

Syniond- 

1891 

Innominate and carotid 

43 

Burrell 

1895 

Innominate 

44 

45 

Harte 

Gas 

1896 

1890 

Inncmlnate, carotid, subclas’ian and juglnr sein 
Innominate 

m 

Sclnunpcrt 

181S 

Innominate 

4 1 

Moynihan 

ISIS 

Innominate and carotid 

4^ 

Bennett 

169S 

Innominate 

4<> 

Curth 

1=90 

Innominate 

"lO 

DcLanp 

1900 

Innominate . 

51 

5” 

53 

son Rucdiger 
Balhnce 

1901 

1902 

Innominate and ‘wibclnsiaa 

Innominate and carotid 

Persons 

1904 

Innominate . 


Ca'jfc. 2 C, Ocatl)', "1; inortnlit}, SI per cent 


Death 

Death 

Death 

Death 

Death 

Death 

Death 

Recovers 

Death 

Death 

Death 

Recovers 

Recovers 

Death 

Recoverv 

Death 

Death 

Death 

Death 

Death 

Death 

Recovers* 

Death 

Death 

Death 

Death 


bone lesections. In the 38 cases that occurred since 1904, when the 
mortality was 24 per cent, there were 23 bone resections. ’ In the 37 

v! ''ft ^^^ection was done there were 17 deaths, or a 
inortahty of 46 per cent In tlie 54 cases in wliich bone resection was 
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not performed or is not mentioned, there were 37 deaths, or a mortality 
of 68. 5 per cent. 

Except when the bifurcation is high, the work on the vessels has 
to be done by palpation when the thoracic bony wall is not resected. As 
evidence of this I have found in the cases in which ligations were 
attempted, without bone resection, 2 cases in w'hich the innominate 
could not be dissected out, 1 in which the carotid and the subclavian 
w'ere tied together by mistake for the innominate, 1 in which the 

Taiitc 9. — Case’s from 1904 to 1927 


Xo. Surgeon Dntc 

.>4 Sheen 10O< 

55 Snigo 1901 

5G Saigo 1903 

57 Hoisted 1905 

5S Cuneo 1905 

69 Ourtls 1907 

CO Hoisted 1907 

Cl Bums 1907 

Ce Myles 19as 

63 Herzen 190S 

6t KIniura 1903 

65 Ballnnco 1900 

66 Sargent loao 

67 Morf 1911 

68 Ballanee 1911 

69 Morison 1912 

70 Halstcd 1912 

71 Hamann 1913 

72 Thompson 1914 

73 lessnol 1915 

74 Hamann 1915 

75 Hamann 1916 

76 Coughlin 1916 

77 Sinclair 1916 

78 Coughlin 1916 

79 Makins War 

so Makins War 

81 Sauerbruch War 

52 Halsted 1918 

53 Keid 191S 

84 Halstcd 1918 

83 Ballanee 1918 

so Juckelson 1919 

87 Hertzler 1922 

88 Holman 1922 

89 Greenough 1914 

90 Sauerbruch 1915 

91 Hint 1927 


Ligation 


Result 


Innominate and carotid 

Innominate 

Innominate and cut 

Partial Innomlntac 

Innominate 

Innominate 

Innominate 

Innominate 

Innominate and carotid 

Innominate, carotid, subclavian and subclavian 
vein 

Innominate, carotid and subclavian 

Innominate 

Innominate and carotid 

Innominate and carotid 

Innominate 

Innominate and carotid 

Innominate 

Innominate and carotid 

Innominate 

Innominate 

Innominate and carotid 

Innominate and carotid 

Innominate and carotid 

Innominate 

Attempted innominate 

Innominate clamped, subclavian ligated 

Innominate, subclavian and subclavian vein.... 

Innominate suture 

Innominate 

Attempted innominate 

Innominate suture 

Innominate 

Innominate, carlold and subdavian 

Innominate 

Innominate, subclavian and subclavian vein — 

Innominate, carotid and subclavian 

Innominate suture 

Innominate and subclavian 


Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Death 

Recovery 

Recovery 

Death 

Recovery 

Recovery 

Death 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Death 

Recovery 

Recovery 

Death 

Recovery 

Recovery 

Death 

Death 

Recovery 

Death 

Recovery 

Death 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 


Cases, 38; deatlis, 9; mortality, 24 per cent 


aneurysm needle was passed through the innominate artery, and 1 m 
which the patient died from the shock of pulling on the aorta. 

When the clavicle and sternum, with or without the first rib. are 
partially resected, the patients show practically no disability. Fibrous 
union develops which is sufficient for the function of the arm. The 
operation of ligation, -whether for aneurysm or vascular injury, is under- 
taken as a life-saving measure. The advantages of exposure certainly 
outweigh the disadvantages of slight disability due to bone resection. 

In my own case I dislocated the sternal end of the clavicle. The 
infection and nonunion following this procedure detracted from the 



Table 10.— Deaths Occurring Follomiig Ligations 


Ko. Diagnosis 

1 Subclavian aneurysm 

2 Subclavian aneurysm 

S Subclavian aneurysm 

4 Subclavian aneurj-sni 

5 Subclavian aneurysm 

7 Subclavian aneurysm 

8 Subclavian aneurysm 

0 Subclavian aneurysm 

10 Neoplasm 

11 Subclavian aneuiysm 

12 Subclavian aneurysm 

IS 'Wound 

14 Innominate, subcla- 

vian aneurysm 
1C Subclavian aneurysm 

17 Subclavian aneurysm 

15 Subclavian and caro- 

tid aneurysm 
10 Subclavian aneurysm 

21 'Wound 

22 Subclavian aneurysm 

23 Subclavian aneurysm 

24 

25 Carotid aneurysm 

20 Subclavian aneurysm 

27 Subclavian aneurysm 
2S Subclavian aneurysm 

20 Subclavian aneurysm 

30 Snbelavlnn aneurysm 

31 Stibeiavian aneurysm 

32 Subclavian aneurysm 

33 Subclavian aneurysm 
31 Subclavian aneurysm 

30 Subclavian aneurysm 

37 Subclavian aneurysm 

33 Subclavian aneurysm 

41 Bllurcatioa 

13 Subclavian aneurysm 
41 Wound 

45 Subclavian aneurysm 

10 Carotid aneurysm 

11 Subclavian 

1'' llifurcatlon aneurysm 
M Bllureatlon aneurysm 

51 SuWiwlnn aneurysm 


First Second 

Ivigation XigatloD Date 

Innominate 25tli day 

Innominate 07tb day 

Innominate 5th day 

Innominate 8th day 

Attenapted in- 5th day 

nominate 

Innominate 18th day 

Innominate 5th day 

Innominate 

Attempted in- 3d day 

nominate 

Innominate Zlst daj’ 

Attempted in- Soth day 

nominate 

Subclavian Innominate 12 hours 

Attempted in- 25th day 

nominate 

Innominate 2d day 

Innominate lath day 

Innominate 9th day 

Innominate 41st day 

Carotid Innominate 12fb day 

Innominate 10th day 

pressure 

Innominate Innominate Cth day 

pressure 

Innominate 2Sd day 

and carotid 

Carotid Innominate hours 

Innominate 15 hours 

and carotid 

Innominate 

Innominate 40th day 

Innominate Subclavian 104th day 

and carotid 

Innominate, 33d day 

carotid, sub- 
clavian 

Innominate 17th day 

pressure 

Innominate. Id day 

carotid, sub- 
clavian 

Innominate ISth day 

Innominate, ICth day 

carotid, 

vertebral 

Innominate 18 hours 

and carotid 

Innominate 10th day 

and carotid 

Attempted in- 10th day 

nominate 

Attempted in- 17 hours 

nominate 

Innominate IWth day 

Carotid Innominate, Hour 

carotid, sub- 
clavian 

Innominate Carotid list day 

Innominate Pth day 

Subclavian Innominate 1 hour 

and carotid 

Innominate 3d day 

Innominate Carotid and ISth day 

vertebral 

Innominate Hour 

and subclavl.an 


Cause ol Death 
Suppuration and lieni- 
orrhage 

Suppuration and hem- 
orrhage 
Pericarditis 
Suppuration, pneu- 
monia, cerebral lesion 
Suppuration and peri- 
carditis 

Suppuration and hem- 
orrhage 

Suppuration, pericar- 
ditis, empi'cma 
Hemorrhage 


Internal and external 
hemonhago 
Exhaustion 

Shock 

Pressure on trachea 

Suppuration, pneu- 
monia, meningitis 
Suppuration and hem- 
orrhage 

Suppuration and ne- 
phritis 

Suppuration and hem- 
orrhage 
Hemorrhage 
Hemorrhage 

Hemorrhage 

Aneurysm ruptured, 
hemorrhage 
Shock 

Cerebral effusion 
Shock 

Suppuration and hem- 
orrhage 

Suppuration and hem- 
orrhage, Id operation 
Hemorrhage 


Hemorrhage 

Cerebral embolus and 
thrombosis 

Suppuration and hem- 
orrhage 

Left cerebral embolus 


Cerebral thrombosis 

Suppuration and bron- 
chopneumonia 
Suppuration and hem- 
orrhage 
Shock 

Cardiac failure 
Shock 


Suppuration and hem- 
orrhage 
Cerebral lesion 
Shock, rupture, second 
aneurysm 


Hemorrhage 
Shock of second 
ation 
Shock 


oper- 
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beneficial lesull on the aneurysm. I have regretted that owing to lack 
of experience I used this piocedurc for exposure rather than resection 
Silk or hemp was the original ligature material From 1880 to 
1900 many experiments were being conducted on ligature material 
One reads of the advantages and disadvantages of absorbable and non- 
absorbable inateiials, or of the various substances in each class. Ox 
aoita. ox peiitonetim or gold beater’s skin, kangaroo tendon, carbolized 
catgut, chioinic catgut, horse hair, silver wire and many other sub- 
stances were used. Ballance and Edmunds, in an exhaustive study on 
ligations, came to the conclusion that an aseptic ligature which remained 
sufficiently long to cause peimaiient occlusion was the best Heavi 


TABLr 10 — Deaths Occuiniui FoUoivinn Lxgatwns — Contuuted 


rirst Sccontl 


2sO 

Diagnosis 

Ligation Ligation 

Date 

Cause of Death 

52 

Blfiircfllion nneurj^m 

Innominate 

sn hours 

Hemiplegia, carotid, 


Wound 

and carotid 


thrombosis 

53 

Innominate 



59 

Subclavian ancuosm 

Innominate 

1th (iny 

BronehopBcumonia 

02 

Subclavian nncurjem 

Innominate Cnrolid 

1 month 

Suppuration and hem 

C3 

Bifurcation nnourj‘5m 

and carotid 


orrhngc, 2d operation 

Innominate 

SO hours 

Shod. 

72 

75 

Subclavian nnounsm 

Innominate 

C7th day 

Suppuration and hem 
orrhage 

Bifurcation nncurj «ni 

Innominate 

ith day 

Hemiplegia 

7S 


and carotid 



Attempted in 


Innominate rupture. 



nominate 


hemorrhage 

79 

Wound 

Innominate 

S hours 

Shod. 



pressure; 

subclQTian 



SI 

Wound 

Innominate 

5th dm 

Mcdlastinitis 



«iitiiro 



83 

Innominate nncurygin 

Vttempted In 
nominate 


Shod. 



SUJIMAn\ 


12 


Suppuration ana 

hemorrhage 



Shock 



31 


Hcmorrliago . 



10 


Suppuration and 
Cerebral lesion 

othci conditions 


s 

7 


Miscellaneous . 



4 


Unknown 



. 2 


skill, kangaioo tendon and modern chromicized gut fill these conditions 
and the lattei is now provided with so little vaiiation that it has become 
the ligature of choice 

These authors also showed that a force sufficient to occlude without 
luptuie insured the best results They advise for this a force of between 
3 and 10 pounds, for the innominate artery, and a knot which they 
devised and which they called the sta)^ knot (fig 5). Two ligatures 
are placed side by side and the first knot tied independently but with the 
stiands parallel throughout The second knot is tied with both stiands 
together in such a way as to form a square knot for each strand The 
advantage of this proceduie is that the friction between the two strands 
prevents slipping while tying the second knot This makes it possible 
to apply the correct force to the first knot and to have it remain con- 
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stant. When the coats are crushed there is devitalized tissue which is 
accepted in modern theorj^ to he favorable to infection. When infection 
starts at the site of ligation, the picture of ulceration of the vessel and 
hemorrhage is almost constant. 

Drainage was constant in the preaseptic period and is mentioned 
in 8 of 10 cases in the period from 1880 to 1900, and in 9 of 15 cases 


7/493 



Fig. 3 — Diagram of incisions used in operations on the innominate artery. 
The figures show the number of times each type of incision was used. 


since 1900. Surgeons are gradually draining fewer and fewer oper- 
ative wounds and are profiting by the decrease in infection. 

The advisability of associated ligation of other vessels is difficult 
to work out from the statistics of this series. In most of the cases 
hefore asepsis, the innominate alone was ligated. Whether the improve- 

luent since then can he attributed to more extensive ligation is difficult 
to say. 
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Figure I shows llial the mortality in ligations of the innominate 
artery is 65 per cent; of the innominate and carotid, 45 per cent; of 
the innominate, carotid and subclavian, 33 per cent; of the innominate 
and subclavian, 25 per cent, and of the innominate, carotid and vertebral, 
100 per cent; also that previous or subsequent ligations were done 
respectively in the innominate in 30 per cent; the innominate and 
carotid, 30 per cent ; the innominate, carotid and subclavian, 16.66 per 
cent ; the innominate and subclavian, 0 per cent, and in the innominate, 
carotid and vertebral, 0 per cent. The aneurysm was benefited respec- 
tivel}' in the innominate, 58 per cent ; the innominate and carotid, 66 
per cent; the innominate, carotid and subclavian, 80 per cent; the 



Fig. 4. — Diagram of bone resection in operations on the innominate artery. 
The figures show the number of times each type of bone resection was done. 

innominate and subclavian, 75 per cent; the innominate, carotid and 
vertebral, 0 per cent. These figures would indicate that multiple liga- 
tion is advisable; that combinations including the subclavian are better 
than those including the carotid, and that the vertebral should not be 
included. 

It has been argued that the carotid should be ligated with the 
innominate, as the collateral for the subclavian is largely retrograde 
from the brain to the arm. The 7 cases of cerebral lesion occurring 
in the series do not seem to bear out this assertion as 4 occurred in liga- 
tions of the innominate and carotid arteries, 1 in ligation of the innom- 
inate, 1 in ligations of the innominate, carotid and vertebral and 1 in 
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ligations of the innominate, carotid and subclavian. Of the 7 cases, 6 
were associated with ligation of the carotid. 

It is possible that with the subclavian tied there is a better chance 
of protecting the cerebral circulation than with ligation of the carotid, 
and certainly the incidence of thrombosis is reduced. 

If the ligation of the innominate is proximal to an aneurysm, distal 
ligation of the carotid or subclavian and extirpation of the sac, if pos- 
sible, is the best operation for cure of the aneurysm. As 56 of the 75 
aneurysms involved the subclavian and 15 involved the bifurcation or 



Fig. 5. — Ballance and Edmunds’ stay knot. 


the innominate as opposed to 8 involving the carotid, distal ligation of 
the subclavian would occur many more times. 

There were 15 cases of proximal and distal ligation, 7 of which 
were done in two stages, and in 7 the sac was partially or wholly extir- 
pated. The results showed 12 cures, 1 case in which there was no 
unprovenient and 2 deaths (table 11). This is by far the best showing 
tn the series. 

rite most advisable operation from all these data would be multiple 
igation, pro.ximal and distal to the aneurj^sm. if possible, and with a 
pre^rence for ligating the subclavian rather than the carotid artery. 

^ he innominate was severed between ligatures in 3 cases, in 2 of 
" uch the patients recovered. This is too meager information from 
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which to form conclusions, but added to this there is experimental work 
indicating better results wdien the artery is cut. Horsley showed that 
the cut ends immediately retract. This increases the thickness of the 
vessel wall. The raw exposed end gets more fibroblasts from the sur- 

Taiu.!; 11. — Proximal and Distal Ligations 


No. PIngnosIs 

•17 Subclnvlnn 
nnourysm 
( 2 ) 

51 Subclnvlnn 
nDcurj'sni 

51 Subclnvlnn 

r>5 Carotid 

anciiO’Sin 


First 
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Subclnvlnn 
ligation. c\* 
01*5100 of sne 
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and enrotid 
ligation 
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Cured 


50 

Subclnvlnn 
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of sac 
Subclnvlnn 
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Cured 

.57 
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Subclnvlnn 
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and cut 

Dnrllnl In- 

llgntlon: ex- 
cision of sac 
Subclnvlnn 

Recovery 

15 3 *enrs 


03 
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llgntlon 

Innominate, 

llgntlon 

Recovery 
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01 
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clnvinn nnd 
jugular vein 
ligation 
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Recovery 
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Cured 

70 
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carotid, sub- 
clavian liga- 
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o£ sac 
Subclavian 

rnnomfnale 

Recovery 

IS months 

. . . Improvcrl 

SO 

nncurysin 

Subclnvlnn 

Innominate 


Recovery 

3211) dny 

Cured 

S3 

nncuri’sm 
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nnd pubclnvlnn 
arterj’ nnd vein 
llgntlon: ex- 
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Carotid 

Recovery 
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SO 
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S8 

nncurysin 
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tlon; excision 
of sac 
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1 year . . . . 

. , Cured 

S9 

nneurysm 

Bifurcation 

nnd subclavian 
artery* nnd vein 
llgntlon; sac 
sutured 
Innominate, 


Recovery 

30 months .... 

. . Cured 

01 

nneur 3 *sin 

Bifurcation 

carotid nnd 
subclavian 
ligation 
Innominate 


Recovery 

G months .... 

Cured 


ancurj'sm 

and subclavian 
ligation; 
sac packed 






rounding tissue and cicatrizes more rapidly. If the artery is to be 
severed, it is advisable to apply 3 ligatures and to cut between the two 
distal ones. The end of the artery is then at rest because of the prox- 
imal ligature and can heal better. ' 

Another afgument in favor of severing the artery was brought for- 
ward by Leriche at the 1922 Congress of Surgeons. The vasocon- 
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strictor fibers running along the great vessels are only temporarily 
injured by ligation in continuity. They are destroyed by cutting, and 
the periphery therefore gets better circulation. This may be shown by 
lying and cutting the femoral artery. In one minute there is a flow 
from the distal end which in five minutes begins to pulsate. This is 
due to the dilatation of the anastomosing arterioles, particularly in the 
muscles. 

Associated with the problem of severing the artery is the problem 
of ligation of the accompanying vein. Makins, Leriche, Brooks and 
Martin, Drummond and others, have shown that the peripheral circu- 
lation is improved by ligating the vein at the site of the arterial ligation, 
or better at a proximal point. In a series of experiments on rabbits. 
Brooks and Martin showed that ligation of the common or external 
iliac artery caused gangrene in 71.5 per cent of a series, while simulta- 
neous ligation of the common iliac vein caused gangrene in only 33.3 
per cent. The same tendency has been shown by Drummond in ligation 
of the mesenteric vessels. Holman quoted a series collected by Heid- 
rich, in which gangrene developed in 15.4 per cent of 995 arterial 
ligations and in only S.5 per cent of 198 arterial and venous ligations. 

In ligations of the innominate there are two peripheral circulations 
to consider ; one is that of the subclavian and the other that of the carotid. 
In the subclavian areas, i. e., the upper extremity, no cases of gangrene 
have been reported, although there are some cases of atroph)^ which 
nnght be considered the chronic result of anemia in which gangrene is 
the acute. In the 75 ligations there have been 7 cases of death from 
cerebral lesions. Some of these must be attributed to anemia. Liga- 
tion of the innominate vein would help the upper extremity according 
to the expermreiital work. In the case of the brain, however, the cir- 
culation differs. Here there is a right and left supply, and right and left 
return. Both anastomose widely, the arterial side through the circle of 
M'illi.s, the venous side through the dural sinuses. Obstruction to the 
\-enous return by ligating the right innominate vein might, by increasing 
the resistance to outflow, increase the cerebral circulation, but without 
experimental data one can only theorize. At least the evidence at pres- 
ent is in favor of ligation of the vein. 

If ligation of the innominate is contemplated, it should be done 
early. The operation is easier in the early stages of a vascular lesion 
than after marked pathologic process has developed. An operation in 
whidi the mortality in the last 25 cases was 16 per cent is certainly a 
ju.stifiahlc procedure since the pathologic process which indicates it is 
of such a serious nature. 
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AliSTRACT OF CASES 

Case 1 ' (surgeon, V. Mott, 1818). — A white man, aged 57, was admitted to the 
New York Hospital, on March 1, 1818, with catarrh and swelling of the right 
arm and shoulder. He had fallen one week before admission, and two days later 
had noticed pain in the shoulder. Under medical treatment, his general condition 
improved and the swelling subsided in tlic arm and neck, leaving a definite tumor 
which showed faint pulsation. On May 3, something gave way in the tumor. It 
increased one-third in size, and pulsation became distinctly perceptible. By May 
10, it measured 4 by 5^ inches (10.2 by 13.3 cm.). The arm was useless and 
painful, and the patient asked for an operation. 

On Maj’ 11, with the patient under 70 minims of tincture of opium, an incision 
3 inches (7.6 cm.) long was made above the clavicle and a second one along the 
medial border of the right sternomastoid. The sternal portion of this muscle was 
cut, and the carotid and subclavian arteries were exposed. The latter was 
unhealthy. The innominate artery was dissected out bluntly. A silk ligature 
passed from below upward was tied around the artery inch from the bifurca- 
tion. It was gradually drawn tight, causing no change in the heart or the lungs, 
but stopping the circulation in the temporal and radial arteries. The second knot 
was tied. The tumor immediately decreased one-third in size. The wound was 
closed about the ligature. The operation lasted one hour. 

After operation, the patient was comfortable. The pulse rate was 69 and the 
right arm was slightly cooler than the left. The arm was wrapped in absorbent 
cotton. That evening the patient had a slight headache and was bled 16 ounces 
(473.1 cc.). On the third day, there was foul suppuration through the dressing. 
On the fourth day, the wound was dressed. There was healthy suppuration. The 
wound was united almost to the angle. There was less discharge and less odor 
on the eighth day ; the tumor decreased two-thirds. A small slough was seen 
in the dressing. A hemorrhage filled the wound, but was easily stopped by 
pressure. On the eleventh day, the slough came away from the bottom of the 
wound. On the thirteenth day, the patient was weaker; the large ligature came 
away. On the fifteenth day, he was up and walking, and on the nineteenth day he 
went up two flights of stairs. On the twenty-second day, there was a hemorrhage 
of 24 ounces (710 cc.). The pulse ceased, but gradually recovered. On the 
twenty-third day, the patient was vomiting and sick. There was a foul discharge, 
and a hemorrhage of 4 ounces (118.4 cc.). On the twenty-fifth day, the patient 
died after a hemorrhage of 8 ounces (236 cc.). 

Autopsy showed suppuration of the w'ound. The innominate artery was 
inflamed, and the ligature had cut through the vessel. The carotid was blocked. 
The subclavian was pervious and opened directly into the ulcer which was at its 
origin. A diseased opening in this artery communicated with the sac. 

Case 2“ (surgeon, Graefe, 1822).. — A sailor, aged 30, was admitted to the 
hospital in 1821, with a subclavian aneurysm of rapid growth. On March 15, 1822, 
an incision was made along the anterior edge of the sternomastoid, exposing the 
carotid artery. This was followed down to the innominate artery'. The ligature 
was passed 1 inch from the aorta and tied. 

2. Mott, V. : Reflections on Securing in a Ligature the Arteria Innomimata, 
Med. & Surg. Reg. 1:9, 1818; Further Remarks on the Case of Ligature of the 
Arteria Innominata, ibid. 1:2, 1820 ; A Case in Which the Innominate Artery 
was Tied by a Surgical Operation, Am. Med. Recorder 2:374, 1819. 

3. Wagner: Ligature of the Innominate Artery, Med. & Physical J. 49:475, 
1823. Sheen: On Ligature of the Innominate Artery, Ann. Surg. 42:1, 1905. 
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The ligature came away fourteen days after operation, with part o tie 
bifurcation of the artery. There was suppuration. Hemorrhage, which occurred 
some time afterward, was controlled by pressure. The patient complained « 
in the tumor. Fluctuation could be felt. The sac was incised, and pus and blood 
drained out. The old wound healed; the new wound drained. There were 
hemoptysis, fever, vomiting and suppuration. The patient died on the sixt>- 
seventh day. 

Autopsy showed lung disease. The innominate artery was closed by a clot on 
the cardiac side. Ample anastomosis was proved by injection. The hemorrhages 


apparently were distal. 

Case 3" (surgeon, Norman, 1824).— A man with a tumor of the subclavian 
artery underwent an emergency operation, the innominate artery being ligated. 
He died on the fifth day after operation, showing acute pericarditis. The ligature 
was in good condition with no pus and a firm clot on the cardiac side. 

Case 4“ (surgeon, Arendt, 1827).— A man, aged 36, was admitted to the 
hospital on Dec. 3, 1827, with his right arm painful, swollen and inflamed. There 
was a swelling the size of a goose egg, pulsating, behind the right clavicle. He 
had received a blow on the shoulder one year before. 

On December 24, an incision M/i inches (8.9 cm.) long was made along the 
inner border of the right sternomastoid. The trachea was followed down to the 
innominate artery. The needle was broken on the first passage of the ligature, but 
the second time it was successful, and the artery was tied. Pulsation in the 
aneurysm, subclavian and carotid, ceased at once. 

After the operation, the arm was cool and dark blue. The patient tvas flushed 
and an.vious, and complained of pain under the sternum. The pulse rate was 
148. The patient was bled 20 ounces (591.5 cc.). On the first day after operation 
the arm was ivarmer, but swollen, numb and painful. On the second day the 
temperature was higher, and the pulse rate was 145, and dyspnea and hoarseness 
developed. The arm was less swollen. The patient was bled 10 ounces (295.7 cc.). 
On the fourth day thin pus came from the wound. Considerable pus was noted 
until the eighth day, when the patient died from exhaustion. 

At autopsy considerable infection of the wound and surrounding tissue was 
noted. There was pneumonia in the right lung and serous pleurisy. The sub- 
clavian artery was inflamed. The innominate ligature was tight and had cut 
llirough the coats. The carotid and subclavian arteries had collapsed. There was 
edema of the brain and enlargement and softening of the liver. 

Case S' (surgeon. Hall, 1830).— .'V white man, aged 52, was admitted to the 
hospital on Sept. 4, 1830. For seven months he had had a pulsating tumor above 
the right clavicle. There were loss of power and edema in the right arm, and some 
difficulty in respiration and swallowing. For three days he was bled 1 pint a day. 

Operation was performed on September 7 with the patient in a sitting position. 
A midiine incision was made from the thyroid body to the sternum and transversely 
from there to the sternomastoid. There were many diseased glands. The innomi- 
nate artery was dissected out easily with the finger. It was found to be diseased 


4. Polland: Statistics of Subclavian Ancurvsm, Guv's Ho^p. Rep 17'P6 
Sr Subekvian Aneurysm, LmccI 


PoHniid (footnote 4, first reference), 

<i. Hall: Case of Anenry.sm of the Right Subclavian Artery i„ Which 
l.ig.Uurc w.as .Xpplietl to the .Artcria Iimomiuata, Baltimore M. & S. J. 1:125 1833 
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and dilated. As the finger was withdrawn, there was a slight flow of blood which 
became copious without pulsation. A ligature was passed around the innominate 
arterj' and tied. During application the hemorrhage ceased, but after it was tied 
it began again. The wound was packed with sponges. The wound was closed 
over this with sutiirc.s, ant! the hemorrhage stopped. The patient was in a poor 
condition. 

Pulsations in the carotid and subclavian arteries were hardlj' present for two 
hours after operation. They returned to normal within the first day. Two days 
after operation, the patient was bled IS ounces (444 cc.). Four days after, he was 
up and around and insisted on going home. There was a sudden change in the 
evening; the pulse rate was 134, and there were dyspnea, fever, a slight discharge 
from the wound and pain about tlic sternum. The patient died early the next 
morning. 

At autopsy the wound was found to be badly infected. There was pericarditis. 
There were diseased glands along the trachea and all the great vessels were dis- 
eased. Infection and softening of the innominate and carotid arteries were noted. 
The ligature had been passed through the innominate, but not around it. The 
aneurysm contained a clot. 

Case 6 ‘ (surgeon, \V. H. Porter, 1831). — A man, aged 47, was admitted to the 
hospital on Dec. 6, 1831, with a large pulsating tumor filling almost the entire right 
side of the neck. It measured by 3 inches. There was severe pain in the 
tumor, and pain and numbness in the forearm and hand. No pulse was felt at the 
wrist or elbow. The hand was cold and bluish. The mass was first noticed two 
and one-half years ago; the pain and numbness, one year ago. The patient was 
treated medically for five days without improvement. 

On December 10, an incision 2 inches (5 cm.) long was made from the left 
sternoclavicular joint to just above the head of the right clavicle, and was earned 
upward from its left c.xtrcmity. The right sternomastoid muscle was divided. 
The sternohyoid and thyroid were cut. The carotid artery was anterior and was 
found in this region. An attempt w.as made to dissect the innominate with the 
finger. Anteriorly, this was difficult because of tbe sternum and tbe struggling 
and crying of the patient. On the right side there seemed to be an enormous 
pulsating sac. The limits on the right side could not be reached. Compression of 
the innominate stopped all pulsation in the vessel. After one hour and fifteen 
minutes the operation was abandoned, and the rvound was closed with two sutures. 

The patient bad a chill two hours after operation. Fever developed that night. 
He was bled 22 ounces (650 cc.). One day after operation the pulsation seemed 
diminished, and the pain and numbness were gone. Two days after there were a 
red serous discharge from the 'vound and some cough. On the third day there was 
still some discharge, but the cough was better. On the fourth day the inflammation 
of the wound was gone, and there was less pulsation. On the fifth day pulsation 
returned in the tumor; the arm felt cold to the patient, although it was hot and 
dry. On the sixteenth day the wound rvas almost healed ; the tumor was harder, 
firmer and probably smaller. Two months after, the tumor was one-fourth the 
size that it was on admission; the arm was almost normal, and the patient’s health 
much better. 

Case 7' (surgeon, W. Bland, 1832).— A man, aged 31, had noticed a small 
throbbing tumor above the right clavicle for two years. He had had pain and 
numbness of the right arm. On admission to the hospital, a throbbing tumor the 


7. Porter, W. H.; Case of Aneurysm, Dublin J. ^I. & Chem. Sc. 1:25, 1832. 

8. Bland: Operation of Tying the Arferia Innominata, Lancet I:P7, 1832. 
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size of a pigeou’s egg ^vas found. Despite two bleedings six months before and 
rest the tumor had increased gradually in size and the patients general health 
became worse. His pulse rate was from 100 to 104 until the day before adnnssion, 
and then it dropped to CO and became irregular and internnttent. A tcrntic pain 


developed in the left side. , , - i r 

On ilarch 28, 1832, a vertical incision was made 2 inches long and 1 inch from 
the upper margin of the sternum. The sternomastoid was cut, and the sterno- 
thyroid and sternohyoid were split. The innominate was foiiiul with the finger and 
isolated. An aneurysm needle was passed ; then a ligature of two sutures was 
tied firmly enough to cut the inner coat. 

After operation the pulse rate varied from 130 ,to 140. The patient was having 
no pain. On the second day the right arm was as warm as the left. The tumor 
subsided rapidly, and the numbness was almost gone. Tlic pulse rate varied from 
126 to 138. When the wound was dressed on the third day after operation it was 
healthy. The tumor was reduced one-third. The patient had good use of both 
hands. Xo pulsation was felt in any branches. The patient’s condition progressed 
until the eighth day ; the pulse rate was gradually dropping, when he noticed slight 
numbness returning in the right hand. On the tenth day, the wound was filling in. 
The pus was less creamy. A slight headache occurred in tfic afternoon. The 
tumor measured from 3 to 4 inches at that time. On the fifteenth day. the pul.se 
rate was elevated ; the patient had a sore throat and c.xpericnccd some diflicuUy in 
swallowing. The discharge was scanty. There was some fever. The wound was 
nearly closed. On the si.xtccnth day, the discharge became bloody. The throat 
was tender and painful. On the seventeenth day there was a hemorrhage of 4 or 
5 ounces (118 or 148 cc.). Early in the morning of that day, the patient felt 
better. In the afternoon tiierc was a few ounces of blood from tlic wound, and the 
tumor increased in size. A director was passed down to the ligature, hut there 
svas no hemorrhage. Early on the eighteenth day, there was a hemorrhage of from 
10 to 12 ounces (296 or 355 cc.). The pulse became weak; the right arm became 
cold, and patient died at 7 a. m. 

At autopsy the pleura was found to be normal. An ounce of pus was found 
at the base of the wound. The ligature had almost divided the artery. The 
innominate and carotid arteries were solid with clot; the subclavican artery was 
open, and the hemorrhage probably came from this point. 

Case S“ (surgeon, Bujalsky, 1833). — A man, aged 56, was admitted to the 
hospital with an aneurysm of the right subclavian artery extending from the 
axilla to the inferior maxilla. The skin over it was red. 


On March 11, 1833, an incision was made over the tumor to the itmer margin 
of the sternomastoid. The operation was difficult owing to old gland scars. The 
innominate was tied with a “tourniquet." Chills, fever and a rapid pulse developed. 
Death occurred on the fifth day. 


Autopsy showed aneurysmal dilatation of the heart and the aorta; there was 
pus in the pericardium and the pleura. 

Case 9” (surgeon. Unknown, 1834?).— The history in this case is unknown, 
fhe wnommate artery was ligated, and the patient died of hemorrhage. 

Case 10" (surgeon, Kuhl, 2836). -A woman, aged 43, had a malignant new 
growth involving both sides of the forehead. The tumor was vascular, and ligation 
was done as preparation for operation. An attempt was made to ligate the innomi 


9. Sheen: On Ligation of the Innominate Artery, Ann. Surg 42-1 1905 

11 chirurgical, Paris, 1834. vol. 4 o'f.n 

11. Polland (footnote 4, first reference, p. 86 ). ’ ^ 
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natc artery, but the carotid and siibciar'ian arteries ivere ligated together in one 
ligature ineb above the bifurcation. Ibe patient was unconseious for four 
hours following the operation. Tlic pulse in the right arm and right side of the 
head ceased. She became conscious after this, hut she had difficulty in breathing 
and swallowing, and died on the third da)-. 

Autopsy showed a rupture of the coats of the arteries and the canals obstructed. 

Cask II ’• (surgeon, Lizar, 1837). — A white man, aged 30, was admitted to the 
hospital on May 28, 1837, fifteen months after a fall on the right elbow. From 
five to six weeks before admission, pain appeared in the right forearm and arm. 
No tumor had been noticed. Examination showed a pulsating tumor the size of a 
small egg above and medial to the clavicle. There were anesthesia and tingling in 
the fingers. 

On May 31, an incision was made 1 inch above the sternum and 4 inches in 
length along the margin of the sternomastoid. The sternohyoid and sternothyroid 
muscles were divided. The carotid and innominate arteries were exposed. The 
latter were cleaned. An aneurysm needle was carried around it from the right 
side inward toward the trachea. The vessel was compressed, and pulsation in the 
tumor, the carotid and the subclavian arteries ceased. The artery was tied, and 
as this was done the patient complained bitterly of pain in his heart. The skin 
was brougiit together witii four sutures. The operation lasted fifteen minutes. 

Two hours after operation, the right side of the face was shriveled and 
cold. There was little difference in the two arms, c.xccpt that there was no pulse 
in the right radial or right temporal arteries. There was pain in the course 
of the carotid and brachial arteries and in the hack of the arm. 
Numbness and tingling were noted in tlic fingers. The left carotid was 
heating violently. Four hours after operation, pain was felt in the right side 
of the chest on deep breathing. Headache was present, bitt there was no pulsation. 
Ten hours after, the headache was worse, and there was a sensation of suffocation. 
On the first day, a slight pulsation was felt in the temporal artery. The patient 
progressed well. On the second day, he had no pain. The radial pulse was weak. 
The wound looked as if there would be two-thirds primary union. On the fourth 
day, the pulse was felt in the radial and temporal arteries, but not in the tumor. 
On the ninth day, there was considerable thick pus from the wound. Slight 
nausea occurred on the twelfth day. The patient vomited a large amount of 
bilious material. On the fifteenth day, the wound healed except for a small sinus 
which was discharging healthy pus. On the sixteenth day, the knot of the ligature 
was found on the dressing. On the nineteenth day, a severe, dry cough developed. 
A hemorrhage of 8 ounces occurred from the wound, which was stopped by pres- 
sure. The patient was bled by vein of 20 ounces. On the twentieth day, there 
was hemorrhage of 4 ounces, and on the twenty-first day one of from 2 to 
3 ounces (59 to 89 cc.), which was stopped by lint. Evidently there was an internal 
hemorrhage. Cough and dyspnea developed ; the patient spit blood. Peath occurred 
at 1 ;30 a. m. 

Autopsy showed that the innominate artery was filled with a dense clot from 
origin to ligation. The right common carotid was entirely clotted ; the thyroid 
artery, internal mammary, transverse cervical, vertebral and subclavian arteries were 
pervious, the latter from its origin to the tumor. The aneurysm of the subclavian 
artery beyond this point was collapsed and contained clot. The fatal hemorrhage 
was apparently from the vertebral artery into the pleura, which contained 20 ounces. 

12. Lizar: Aneurysm of the Subclavian Artery Treated by Ligature of the 
Arteria Innominata, Lancet 2:445 and 602, 1836. Edinensis: Mr. Lizar s Case of 
Ligature of the Arteria Innominata, Lancet 1:466, 1837. 
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Pulsation in tlie sac disappeared on the second day after operation. On the 
seventh day, a venous hcniorrJiafre occurred. By the eifjhtcenth day, the sac 
had increased, and there was much pain in the rifihl arm. On the twent.v-tliird 
day, llie patient died /rojjj pressure ou the trachea. 

Autopsy showed tliat tlie aorta contained atlieromatous deposits, and there was 
a small aneuri sm in the thoracic portion. Tile carotid was liealthy. Tiie aneurysm 
was of the upper part of the innominate artery and origin of subclavian pressing 
on the r/giit hrottchus. The nnetirysmai .sac contained a firm clot. Death was due 
to pressure on the trachea. 

Cask 15“ (surgeon, Peixoto, 1851). — A physician, aged 33, nineteen years 
before had an erectile tumor of the right ear. The posterior auricular artery was 
ligated by A^elalon si.x years before. Wlien tlie ligature fell, there was a severe 
hemorrhage, and several abnormal branches were ligated. The tumor recurred 
just before admission. On X'ov. I-J, 1851, the common carotid artery was ligated 
in the neck. The ligature was brought out through the wound. The blood supply 
of the tumor was shut off by this. The patient lost 5 or 6 ounces (ld8 or 178 cc.) 
of blood two or three times during a fortnight. On November 27, a ebain ligature 
was applied about the ear. There was suppuration and the tumor became gan- 
grenous, finally healing over with skin. On December 4, there was a slight hemor- 
rhage from the carotid. The nc.xt day, a ligature was applied to the carotid above 
and below the old ligature. On December 6, two small hemorrhages occurred. 
On December 7, the patient tore off the dressings. There was an arterial hemor- 
rhage of 5 ounces of blood in the evening, and the pulsations of the carotid below 
the ligature becatnc sensible. On December 8, at 6 a. m. the suture points ruptured, 
and there was a sharp hemorrhage of half a pint. 

On December S, an incision was made along the inner border of the sterno- 
thyroid, The innominate artery was brought out by blunt dissection. A ligature 
was passed around it. With this in place, the old wound was opened and the 
clots cleaned out. The carotid ligature came away. There was no recurrence of 
hemorrhage. Therefore, the innominate ligature was left in place without tight- 
ening. 

There was considerable cough for twenty-four hours after operation, but this 
cleared up. The uiipcr wound suppurated at once. On the tenth day, both were 
suiipurating, but the general condition was better. On the thirteenth day, the 
innominate ligature was withdrawn. The patient progressed to a cure in two 
months. Velpeau stated that there is no proof that this was the innominate artery. 
If it was the innominate artery, the ligature was never tightened, and although the 
observation was made that there was a clot in this artery, obliteration cannot be 
accepted as proved. 

Cask 36'' (surgeon, Pirogoff, 1852).— A man, aged 46, complained of a mass 
the size of a pigeon’s egg in the right supraclavicular region at the site of an old 
abscess. The pulse at the wrists was unequal. The entire arm was painful. A 
diagnosis of aneurysin of the right subclavian was made. 

A median line incision was made in the suprasternal fossa. The innominate 
was e.xposed and ligated. 

16. Velpeau: Report on Observation of Pei.xoto, Bull. Acad, de med. 19:4 d 2, 
1853. Peixoto : Observations on the Ligature of the Innominate, Mem. de I’Acad. 
Imp. de med. 19:23, 1855; Case of Successful Ligature of the Arteria Innominata, 
Brit. & Foreign !Med.-Chir. Rev. 18:275, 1856; abstr,, Am, jf. M. Sc. 33:255, 3857. 

17. Pirogoff: Grundzuge der allgemeinen Kriegs Chirurgie, 1864, pt. 1, p. 459. 
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After operation the tension and pulsation decreased immediately. At the end of 
twenty-four hours there was severe infection of the arterial sheath. Facial paral- 
ysis developed. The patient died from mediastinilis and pericarditis in forty- 

eight hours. ... , 

Autopsy showed suppuration at the ligature, pleurisy, purulent mcdiastinUis anit 
pneumonia. There was blood over both hemispheres of the brain. The aneurysm 
was of the subclavian artery. 

Case D'® (surgeon, Gore, 1856’).— A wan, aged 52, was admitted to the Bath 
Hospital on Sept. 22, 1S56. He Iiad noticed a sw'clling in the right a.Killa the sire 
of a walnut three years before. This increased in size for a few weeks, and 
there was pain down to tiie elbow. It then remained the same until six months 
before the patient was admitted to the hospital, when it began to enlarge rapidly 
and the pain began to increase. On admis.sion a pulsating tumor filled the axilla 
and extended up to the clavicle and scalene muscles. He was having intense pain. 

On September 24, with the patient under cliloroforin, an incision was made a 
little above the inner end of the clavicle and along tiie border of the sternomastoid. 
The sternomastoid, sfernoliyoid and sternothyroid were cut. The innominate artery 
was exposed and tied with a hemp lig.nture passed hcliind from the outside. The 
pulse ceased in the tumor, the face and the arm. The limb was wrapped in 
absorbent cotton. 

On the first day after operation, there was no pain. There was no pulse iu 
the right arm or in the head, except a faint pulse iit the temporal region. On the 
fourth day, chill and cough developed; the wound was red and discharging. The 
three sutures were removed. On the eleventh daj'. the patient had more chills. 
There was tension in the arm and in the tumor. On the fourteenth day, the wound 
was cleaner, but pulsation was noticed in the ligature. On the sixteenth day, 
hemorrhage occurred which lasted an hour, and was followed by death. 

Autopsy showed the ligature attached to the innominate artery and partly cut 
through. The cardiac end was partially clogged by a firm clot. The aneurysm 
was small and contained a firm clot which extended to the subclavian, axillary and 
brachial arteries. The carotid was clotted to the bifurcation. In the anterior 
mediastinum there was a large cavity containing foul pus. 

Case 18“ (surgeon, Cooper, 18S9).— The patient had an aneurysm of the right 
carotid and subclavian arteries. 

In March, 1859, an incision, 4 inches long, was made parallel to, and Yi inch 
above, the upper margin of the clavicle, running from inside the sternoclavicular 
joint to the margin of the trapezius, and joined at tiie middle by a vertical one. 
The tumor was exposed, and was found to c.xtend beneath the clavicle. The 
sternal extremity of the clavicle and the top of tlie sternum were removed. The 
innominate artery was barely exposed. One third of the artery evas dilated. 
Ligation was done 44 inch (1.9 cm.) from the aorta. 

The patient was all right for five days after operation. He sank and became 
restless after this. There was suppression of urine. Death occurred on the 
ninth day. 

Autopsy showed the right side of the heart slightly dilated and pus in the right 
kidney. There were two aneurysms adherent to each other, one of the subclavian 
and one of the carotid artery. 


18. Gore (footnote 4, second reference). 

19, Cooper: Aneurysm of Right Carotid and Subclavian Arteries- Ligation 

of Artena Innonamata, Am. J. M. Sc. 38:395, 1859; Ligature du tron’e brachio- 
cephahque, Gaz. hebd. de med. 8:612, 1861. ° 
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Case 19 ■” (surgeon, Cooper, I860).— A man, aged 31, was admitted to the hos- 
pital on Sept. 23, 1800, with aneurysm of the right subclavian artery of four 
months duration. He was in good condition. There was a large pulsating mass 
filling the supraclavicular triangle. 

On September 2-1, a crucial incision, 5 inciies long, was made with its center 
on the tumor. The flaps were turned back in all directions. The aneurysm was 
exposed and found to be firmly attached to the sternomastoid. This muscle was 
cut. The scalenus anticus was also cut. There was complete immobility of the 
right arm from pressure on the plexus. Part of the clavicle and sternum was 
resected. No vessel except the innominate could be ligated pro.vimally. The 
aneurysm was inseparable from the carotid artery. The innominate artery was 
found after forty-five minutes and ligated 1 inch from the aorta with four strands 
of saddler's silk. The flaps were returned to position but could not be approxi- 
mated. A Compress was applied directly to the exposed tumor, and 10 per cent 
alcohol dressings were applied with prc.ssurc. 

The postoperative course was uneventful until the twenty-first day, when the 
patient was up and feeling fine. That evening there was a sharp arterial spurt, 
and the patient lost 2 ounces (59.2 cc.) of blood. The ligature came away on the 
eighteenth day. From the twenty-ninth to the thirty-ninth day, the patient coughed 
and complained of pain in the chest. The tongue was red and the urine highly 
colored. The wound was healed e.xccpt for an opening the size of a dime at the 
center. In the afternoon of the thirty-ninth day, there was another slight hemor- 
rhage, which was easily controlled by a leather cushion apparatus. Several hemor- 
rhages occurred on the fortieth day. On the forty-first day, the patient unbuckled 
the strap and bled to death almost instantly. 

Autopsy showed that the stump of the innominate was left in a space as large 
as a hen’s egg where the tissue had been carried away by the hemorrhage. The 
lungs were congested and showed fresh pleurisy. The aneurysm was clotted and 
hard and about one- fourth the original size. 

Case 20 (surgeon, Smyth, 1864). — A mulatto, a man, aged 32, with an aneu- 
rysm of the right subclavian, was admitted to the hospital on May 9, 1864. Three 
months before the tumor had appeared. It was now the size of an orange with 
pulsation and bruit and lay' in the posterior inferior triangle of the neck. The heart 
sounds were normal, and the pulses were equal. The patient had had considerable 
pain and numbness in the foreann and hand for two months. 

On May 15, operation was performed, Mott's incision being used. There was 
no difficulty' in placing a ligature Id inch (0.63 cm.) below the bifurcation. On 
tying this, all pulsation ceased. A ligature was tied about the carotid, 1 inch 
above its origin. 

The temperature of the arm was increased immediately after operation. Two days 
after operation, the pulse was again felt in the wrist. Thirteen days after operation, 
the ligature came away. On the fourteenth day’, there was a hemorrhage of 1 pint, 
which stopped of its own accord when the patient fainted. Slight hemorrhages 

20. Cooper: Case of Ligating the Arteria Innominata, with Remarks, Cincm. 
Lancet & Observer 4:475, 1861. 

21. Rogers: Case of Successful Ligation of the Innominate, Am. Med. Times 
9:95, 1864; Successful Operation in a Case of Subclavian Aneurysm, Bienniel 
Retrospect New Sydenham Soc. 32:346, 1865-1866, abstr. Am. J. M. Sc. 52.280, 
1866. Smyth: A Case of Successful Ligature of the Innominate Artery, New 
Orleans M. J. 22:464, 1S69. Thomson: Successful Ligation of the Innominate, 
Carotid, Vertebral and Internal Mammary' Arteries, Dublin J. M. Sc. 62:481, 1876. 
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occurred the next two days, and on the sixteenth day tiic innominate ligature came 
away and the wound was filled with shot. No bleeding occurred for the next two 
weeks. The aneurysm became smaller and the pulsation became distinct at the 
wrist. On die thirty-third day, the shot was removed, and there was a severe 

hemorrhage. The shot was replaced. On the fifty-first day, there was a terrific 

hemorrhage, and the patient lost consciousness. On the fifty-fourth day, the right 
vertebral artery was ligated. The next day, all the shot was removed but no 
hemorrhage occurred. No pulsation w-as felt in the arm, which was cold and 

edematous. In a few days, this subsided. The ligature came away on the sixty- 

fourth day. Five years after, the patient was completely cured and had the use 
of his right arm. Sheen ” slated that “Aneurysm recurred ten years later. Internal 
mammary artery was tied October, 1874. In March, 1875, after opening an abscess 
above the clavicle, the aneurysm ruptured into this cavity, and he died April 6, 1875.” 

Autopsy showed that the innominate artery consisted of fibrous tissue beyond 
the ligature which was 1 inch from the origin of the artery. The carotid artery 
was occluded to its bifurcation, the subclavian almost to the thyroid axis and the 
vertebral to the fourth cervical vertebra. 


Case 21™ (surgeon, Lynch, 1867). — white man, aged 23, was admitted to 
the hospital on Dec. 19, 1866, with a pistol wound in the right side of the neck, 
2 inches behind, and a little above, the angle of the jaw. The ball was said to 
have come out of the mouth. The wound was plugged. Tlie face and neck 
were much swollen. There had been a profuse venous hemorrhage. Hemorrhages 
occurred about every fourth day, until Jan. 13, 1867. On that day the common 
carotid was ligated. On January 27, the ligature came away. From January 30 
to February 2 the patient had chills, fever and cough. On the last day there 
was an alarming hemorrhage from the old wound, which was packed. On February 
6, hemorrhage of 2 pounds of blood occurred. The patient was very much pros- 
trated. On February 13, another alarming bemorrbage occurred, which was 
thought to be from the vertebral artery. 

On February 13, the innominate artery was ligated in twenty minutes. 

On the sixth day after operation the patient was restless. A hemorrhage of 
154 ounces (45 cc.) occurred from the original wound. There was considerable 
fever. On the twelfth day, there was a profuse hemorrhage, and the patient died. 

Autopsy showed the ligature in the wound surrounded by a blood clot. The 
original pistol wound was deep and oval, e.xtending into the neck 3)4 inches behind 
and above the angle of the jaw. The posterior inferior triangle of the neck con- 
tained an abscess cavity filled with a blood clot into which the internal carotid 
and vertebral arteries opened. A partly organized clot filled the cardiac end of 
the innominate. There was an artery the size of a pigeon’s quill arising from the 
innominate near the ligature. It was thought that this kept up the circulation on 
the cardiac side, so that when the ligature came away the clot was blown out with 
a fatal hemorrhage. 

Case 22-^ (surgeon, G. H. Porter, 1867).— A man, aged 43, was admitted to 
the hospital on June II, 1867, with a pulsating tumor the size of a duck’s egg of 
fourteen months’ duration. Pressure had been applied for six weeks without 
benefit. On June 26, with the patient under chloroform, the axillary artery was 
compressed with a silver wire sufficiently to stop the pulse at the wrist. On June 
28, the tumor was smaller and the wire was removed. On June 30, the tumor was 


22. Lynch: Ligature of the Arteria Innominata, Med. Gaz. 1:100 1868 

23. Porter, G. H.: Large Aneurj^sm of the Right Subclavian Artery Treated 
by Acupressure, Dublin J. M. Sc. 44:269, 1867. 
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firmer. Pressure was applied a sliol bag and ice. On July 17, the wound 
was healed. The aneurysm continued to enlarge, but was more solid. It was 
decided to use pressure on the innominate with an instrument somewhat, like a 
lithotrite. 

On July 31, with the patient iitidcr chloroform, an incision was made from the 
anterior edge of the sternomastoid 2 inches long to the sternum and then outward 
2 inches along the right clavicle. The sternomastoid was cut. The sternohyoid and 
sternothyroid were cut. The carotid was traced down to the innominate, and the 
innominate was dissected out behind the sternum. The instrument was passed 
around the innominate, and the artery was obliterated by making the blades 
approach each other. The operation look forty minutes. The wound was closed 
about the instrument. 

After the operation the patient had pain in the dorsal region and c.xperienced 
difiicultj’ in swallowing. Five hours after operation there was a slight pulsation in 
the tumor. Twenty'seven hours after, the piiLsalion returned; when the instrument 
was screwed tighter, it stopped. The patient still bad difficulty in swallowing. 
After thirty-six hours, the indsation returned; after 60 hours, the instrument was 
removed and pulsation returned. The tumor was firmer; the difficulty in swallow- 
ing stopped when the instrument was removed, and there was no hemorrhage. Nine 
days after operation, the wound was healing and the tumor seemed as previously. 
In the evening there was violent arterial hemorrhage, which was controlled by 
pressure. On the morning of the tenth day, a slight hemorrhage occurred. A 
violent hemorrhage occurred at night, with immediate death. 

Autopsy showed slight atheroma of the aorta and an aperture in the innom- 
inate artery just below tlic bifurcation, which was sloughing at the edges. There 
was some fibrin in the tumor. The a.villary artery was narrowed at the site of 
that operation. 

Cash 23"' (surgeon, Bickersteth, 1868). — A man, aged 42. was admitted to the 
hospital on April IS, 1868, with an aneurysm of the subclavian artery the size of 
a hen's egg, due to a strain three weeks before. 

On May 5, an incision was made along the anterior border of the sternomastoid 
muscle and out along the clavicle. The common carotid was exposed. This was 
followed down to the innominate, the sheath of which was opened. A thread was 
passed with a needle and then a lead wire. An instrument was passed down and 
the lead wire drawn tight, compressing the artery. This was left on forty-eight 
hours, when the pulsation returned in the aneurysm. The clamp no longer worked. 

On May 7, the wound was reopened, and it was found that the sawing motion 
had cut the lead wire. Two strong silk ligatures were tied, one above and one 
below the wire. 

A hemorrhage occurred the fifth day after operation, and on the sixth day, three 
hemorrhages. Loose shot was placed in the wourvd, but despite this the patient died 
rapidly at the last hemorrhage. 

Autopsy showed a healthy wound. There was a clot firmly closing the innom- 
inate artery from its origin to the ligature. The carotid and the subclavian as 
far as the aneurysm were empty. The aneurysm and the subclavian beyond were 
clotted firmly. The hemorrhage was from the distal side of the ligature. 

Case 24 (surgeon, A. E. Mott, 1868). — The history of this case was not 
given. The innominate artery and carotid were ligated simultaneously. The liga- 

24. Bickersteth; Case of Subclavian Aneurysm Treated by Temporary Com- 
pression of the Innominate Artery, Followed by Ligature, Lancet 2:815, 1872. 

25. Wyeth: Essays fn Surgical Anatomy and Surgery, 1879, p. 168. 
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tijre was separated on the twentieth day after operation. Iherc was no liemor- 
rhage from the wound. On the twenty-third day. the patient died from 
hemorrhage into the pleural cavity when the sac ruptured. 

Case 25“ (surgeon, Partridge, 1870). — A man, aged 32, was admitted to the 
hospital on April 17, 1870, with aneurysm of the right carotid artery of one and 
one-half years' duration. The common carotid was tied, on April 19, with the 
patient under chloroform anesthesia. The tumor decreased in size. On April 
26, the right eye became congested and gangrenous. The ligaltires separated on 
May 2. That evening the patient was feverish and coughed, and had a sudden 
arterial hemorrhage from the wound. The house surgeon stopped this by presstirc 
of the vessel against the back of the sternoclavicular joint. 

On May 2, one hour after the operation hemorrhage started. The origiiia! 
wound was enlarged, and the innominate artery was ligated just below the bifur- 
cation. The patient died an hour and a half later from shock. 

Autopsy showed suppuration. Tlie cardiac end of the carotid at the ligature 
was open. The aneurysm was found to involve the entire extracranial internal 
carotid artery. 

Case 26“’ (surgeon, O'Grady, 1873). — A man, aged 60, had a subclavian and 
axillary aneurysm of three years’ duration. The inner third of the clavicle was 
removed. The innominate artery was e.xposed and tied, and the common carotid 
was tied near its origin. Fifteen hours after operation, the respiration was changed 
markedly. Serous apople.xy occurred resulting in death. 

Autopsy showed good closure of the vessels and effusion into the cerebral 
ventricles. 

Case 27“ (surgeon, Buchanan, 1880). — A man. aged 40, was admitted to the 
hospital on April 19, 1880, with a pulsating tumor at the inner end of the right 
clavicle the size of an orange, of four months' duration. He complained of severe 
pain in the right arm. Medical treatment gave no relief. On May 14, galvano- 
puncture was done. There was oozing from the puncture hole for some time. 
The tumor became larger. On May 24, it measured 22 inches (55.5 cm.) in cir- 
cumference. A sharp hemorrhage occurred on June 1. 

On June 1, with the patient under chloroform, an incision was made along the 
carotid vessels and transversely across the tumor. There was a gush of arterial 
blood, which was controlled by hand pressure. The clots were turned out. An 
opening was found at the bifurcation. A finger passed behind the innominate 
stopped the hemorrhage. A ligature was applied. The wound was closed, but the 
patient died in a ferv minutes. 

Case 28“ (surgeon, ^Y. Thomson, 1882). — A man, aged 49, was admitted to 
the hospital on Feb, 7, 1882, with an aneurysm of the right subclavian artery of 
ten months’ duration. There had been pain in the right arm for two and a half 


26. Partridge, S. B.: Case of Aneurysm of the Right Internal Carotid; 
Ligature of the Common Carotid; Sccondar>- Hemorrhage; Ligature of the Innom- 
inate; Death, Indian Ann. M. Sc, 141:232, 1870-1871. 

2/. O’Grady; Ligature of the Innominate Artery at Mercer's Hospital Lon- 
don, Med. Press & Ctre. 15:386, 1873. Sheen (footnote 9, p. 17); On Ligature 
of the Innominate Artery, Ann. Surg. 42; 17, 1905. 


28. Buchanan; Aneurysm of Innominate Artery: Galvano Puncture; Rupture 
ot sac; Ligation of Innominate Artery, Glasgow M. J 14:15;? Iggp 

29. Thomson, W.: On a Case of Ligature of the Innominate Ar'terv for Sub 

clavian Aneurysm, Bnt. il. J. 2:722, 1882. , ' 
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ycixrs^ Oti adniissioii, tlie tumor in the right side of the neck was pulsating 
violently ; it measured Z'/i inches in diameter. The patient was treated medically, 
as lie refused surgical treatment. He returned on May 22. The tumor measured 
3.)4 inches. Pulsation ceased at times, but never for long. 

On June 8, an incision was made along the stcrnoinastoid and clavicle. The 
sternomastoid was turned upward. The carotid was exposed. The bifurcation was 
very deep. A ligature of ox aorta was passed around the innominate artcr>-. 
Pressure stopped the pulsation. The ligature was tied with three knots and mod- 
erate firmness. The wound was closed with drainage at the lower angle. 

The arm was protected with wadding. Partial amnesia and coldness of the left 
side of the face were noted immediately after operation ; the pupils were equal. 
The sj'mptoms were gone by evening. The patient experienced considerable pain. 
Two days after operation, severe pain was felt in the shoulder; there was a slight 
serous discharge. On the fourth day, .the wound was healed c.vcept at the drainage 
tube. This was cleaned and replaced. On the si.xth day, the tube was replaced 
by catgut. On the eighth day, it was draining pus. On the fourteenth day, 
pain developed in the right ej’eball and in the head; the temperature rose in the 
evening. On the scvcntceuth day, the ligature and part of the artery came away. 
On the twenty-eighth day, there was pulsation at the ape.x of the flap; a hemorrhage 
of 3 ounces occurred. A severe hemorrhage occurred on the thirty-seventh day, 
but ceased spontaneously; more pressure was applied. On the thirty-eighth day, 
there was no hemorrhage, and the patient was very weak. On the fortieth 
day, dyspnea and much pain developed. The patient died in the morning. 

Autopsy of the wound showed that the aneurj’sm involved the second and third 
portions of the subclavian artery. There was .an ulceration at the junction of the 
three vessels with some pus, and this led to a cavity behind the sternoclavicular 
joint which in turn communicated with the sinus. There were clots in all the big 
vessels. Some pus was found. The aneurysm had a laminated clot. The innomi- 
nate was blocked with a clot, which apparently became infected from the ulcera- 
tion ; this was probably due to pressure of the drainage tube. 

Cash 29“ (surgeon, William Banks, 1883). — A man, aged 50, was admitted 
to the hospital on Feb. 10, I8S3, with an aneurysm of the third portion of the sub- 
clavian artery. 

Operation was performed on February 26, under asepsis. A silk ligature was 
passed about the innominate artery with some difficulty, as the bifurcation was low. 
This was used to apply kangaroo tendon ligatures which were tied to occlude and 
not crush, with three knots. Pulsation ceased in tlie aneurysm for two minutes. 
It then returned slightly, and the carotid was tied. Pulsation again ceased. 

After the operation there was a slight return of the pulse during the evening. 
The patient was very restless the first few days. The wound .healed by primary 
union. Pulsation returned with force on the third day, despite pressure from a 
shot bag. Sixty-seven days after the first operation, the subclavian artery was 
tied because the tumor was much worse. This was difficult owing to the size of 
the tumor. During the operation, the vein was opened, and air entered it. There 
was no bad result. The aneurysm ceased pulsating immediately. The wound was 
infected. The patient developed pneumonia, which cleared up, but death occurred 
from hemorrhage from the sinus thirtj'-scvcn days later. 

30. Barwell; Case of Simultaneous Double Distal Ligature of the Carotid 
and Subclavian Arteries for High Innominate Aneurysm, Brit. HI. J. 1:230, 1885. 
Jacobson and Rowlands : Operations of Surgery, ed. 5, p. 805. 



1515 


GREENOUGH-INNOMINATE ARTERY 

Case 30'“' (surgeon. Bull, 1884) .-The patient had a subclavian aneurysm. The 
innominate, the right common carotid and the vcrtci)ral arteries were ligatec 
simultaneously witit double chromic catgut. The patient died on the thirty-third 
day from hemorrhage. 

At autopsy the innominate was twice its norma! size, tiiick and atheromatous. 
The carotid was firmly closed with a clot. The vertebral contained a loose clot, 
and the end of it was embedded in granulating tissue. The aneurysm was of the 
second and third portions of the subclavian. The aneurysm was the size of a 
duck’s egg and contained bloody pus and clot. 

Case 31" (surgeon, Aunandale, 1885). —A man, aged 53, was admitted to 
the hospital on Hay 14, 1885, with a swelling in the right supraclavicular region 
of thirteen months’ duration. He had been treated medically for one month. The 
mass was the size of an orange and pulsated. The heart sounds were faint over 
the aortic area. Pain was felt in the right side of the chest and shooting down 
the back. 

On Hay 27, a median incision was made and the innominate artery was c.vposcd 
and compressed with an instrument behind the sternoclavicular joint. All pulsa- 
tion ceased. A rubber tube was passed down so that one c.xtremity was behind 
the artery and the other protuded from the wound. The operation was done under 
asepsis. 

On the second day after operation the temperature was 102 F. : there were 
pain and a slight cough. On the fourth day, the wound was dressed. It had almost 
healed except about the tube. On the eleventh day there was a small amount of 
blood on the dressings. On the twelfth day, a severe hemorrhage occurred, which 
was stopped by pressure with the finger on a hole in the innominate artery. The 
compressor was applied, as ligation was impossible. The hemorrhage stopped. 
The patient died five days later. 

At autopsy an ulceration was found on the posterior surface of the innominate 
artery just below the bifurcation. This was the point where the pressure of the 
tube was applied. 

Case 32“ (surgeon, Helferich, 1886). — The patient, a sailor, fell and injured 
his right shoulder four years previous to admission to the hospital. Some months 
later, he noticed a tumor below the right clavicle, which pulsated. It increased 
in size slowly for two years, and then rapidly. On admission, Jan. 22, 1886, there 
was a tumor twice the size of a child's head on the anterior wall of the chest below 
the clavicle. Sensory disturbances were noticed in the right hand. The tumor 
W’as almost rupturing. 

On January 23, an incision 12 cm. long was made along the anterior margin of 
the right sternomastoid. The sterna! portion of the sternomastoid was cut. The 
innominate was exposed, and the two heavy catgut sutures were tied. The pulsa- 
tion in the tumor ceased. The aneurysm w'as emptied by compression, but it soon 
refilled. The common carotid was ligated. Still the aneurysm refilled. The sub- 
clavian was ligated in the third portion. The tumor still filled moderately. The 
wound was dosed with two drains at the upper and lower margin. 

31. Bryant: The Operative Treatment of Aneurysm of the First and Second 
Portions of the Subclavian, Med. Rec., N. Y. 39:305, 1891. Burrell: Ligature of 
the Innominate Artery with Report of a Case, Boston H. & S. J. 133:125 1895 

32. Annandak; On Compression of the Innominate Artery with ’ 

Case, Lancet 1:481, 1886. ^ * 

33. Ulrich : Inaug. Dis,, Greifswald, 1887, p. 14. 
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On the hrst da) after operation, the patient was unconscious There was 
cdciiia of the Jar)n\ The pulse rate and temperature were normal Circulation 
m the riglit arm was sufiicient On the second da), the patient died 

Autops) showed edema of the brain and anemia of the right side The right 
\crtcbral arlcr) was llironibosed The probable cause of death was embolus of the 
brain, which was thought to result from repeated cmpt)ings of the sac 

Casi 33 (surgeon, Ma), 1S86) — A man, aged 30, was admitted to the hospital 
on March 3, 1886, with a large anenrisni of the right siibdaiiaii of nine months’ 
duration He complained of numbness and shooting pains down the arm There 
was a swelling measuring 3 b) Z'A inches in the right side of the neck o\er which 
the common carotid could be felt There was pressure on the brachial plexus, with 
pain, numbness and atroph), iiiostK in the radial distribution No edema was 
present There was some clubbing of the fingers The right pupil was smaller 
than the left Medical treatnicnt was gnen for about three and a half weeks 
Operation was performed on March 27, with the patient under chloroform An 
incision was made along the inner third of the claiiclc, meeting another oicr the 
common carotid The stcrnoniastoid, sternoh)oid and steriiotin roid were cut The 
carotid sheath was opened, and the carotid artcr) was traced down to the innom- 
inate, which was found to be large Pressure on this controlled the pulse in the 
carotid and in the anour)sin A needle was passed with ox aorta ligature after 
considerable difficult) from adhesions This broke, and a cord of fi\e or six 
nicdium catgut ligatures was used which was tied tight, but not tight enough to 
crush the arters Three knots were used, and the ligature was cut The wound 
was closed, and a tube and gauze dram inserted in one comer The Lister spras 
Wfas used There was no pulse at the wrist or in the aneurssm 

A faint pulse was felt at the wrist four hours after operation On the first 
da), pain and burning were felt in the arm \ small pulse was noted at the wrist 
and temple On the second da\, the wound was dressed, it was clean The tube 
was remosed Pulsation had returned to the aiieur)sm with half the force that 
was noted before operation On the ninth da), the aiieunsni was smaller and 
harder ifore pain was felt On the fourteenth das, a small blood stain was 
seen on the dressing On the fifteenth, da), a sharp hemorrhage occurred, on the 
sixteenth da), several small hemorrhages occurred which were controlled b) pres- 
sure, and on the seventeenth da), a severe hemorrhage Death occurred on the 
eighteenth da) 

At autops), the bottom of the sinus was found to be the arter) The knot could 
be felt m this position There was a large aneiir)sin of the subclavian almost fill- 
ing the thoracic aperture All the branches of the arterv opened into the sac 
There was a small adherent clot and a large postmortem clot The left carotid 
was small The aorta and innominate arteries were atheromatous There was a 
constriction of the vessel at the ligature No pus was present A small ulceration 
was seen under the knot No coats were broken The vessel was occluded except 
for ulceration 

Case 34 (surgeon, Durante, 1887) — A white man, aged 45, was admitted to 
the hospital with a pulsating tumor of the right supraclavicular region, the size of 
an apple For two )ears there had been a tingling of the right thumb, a sense 
of heaviness m, and vague pains over, the entire arm The aneur)sm was of the 
second part of the subclavian artery 

34 May Ligature of the Innominate Arter), Lancet 1:656 and 1064, 1886 

35 Henderson Ligature of the Innominate, Lancet 1:876, 1887 Spencer 
Experiments in Ligature of the Innominate, Brit U J 2:73, 1889 
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Autopsy showed the sac to be coagulated, communicating with the first part 
of the subclavian in the anterior wall. The inner coat of the innominate was 
ruptured. The ligature closed the artery. Autop.sy was not performed on the 
brain, but probably there was a cerebral thrombosis. 

Case 37 (surgeon, Jacobson, 1890), — A man, aged 48, had an sneurysm of 
one year’s duration, 6 by 4 inchc.s, in the axilla and subclavian space. He had 
chronic bronchitis and emphysema. In February, 1890, with the patient under 
chloroform, an incision ivas made along the right sternomastoid and the clavicle. 
The sternomastoid was cut. Tlie inner third of the clavicle was resected. The 
innominate was found, and an ox aorta ligature was passed from without inward. 
The ligature was tied without injtir 3 ' to the coals, and pulsation ceased. The 
carotid was tied once, 1 inch above its origin. The wound was closed with a drain- 
age tube. 

After operation, pulsation ceased and never returned. On the third day, the 
ancurj’sm was much smaller. The patient was delirious. Death occurred on the 
tenth daj’. The wound was closed and clean. 

At autopsj’, pus was found about the ligatures. The vessel walls were soft. 
The aneurj'sm and vessels had clotted. There was valvular disease of the heart, 
and bronchopneumonia at the bases of both lungs. The brain was normal. 

Case 38 (surgeon, Helfcrich, 1890). — A man, aged 39, was admitted to the 
hospital on March 11, 1890, with a pulsating tumor of both sides of the neck of 
eleven months’ duration. He had intermittent pain in the shoulder and neck and 
about the tumor. The tumor measured 7 by 17 cm., and extended below the manu- 
brium, The radial pulses were equal, and the temporal pulse was weak on the 
right. The right pupil was larger than the left. Diagnosis of innominate aneurysm 
was made. 

On March 21, an attempt was made to ligate the innominate artery. With the 
patient under general anesthesia an incision was made parallel to and above the 
clavicle. The sternomastoid was dissected from the tumor. The tumor was 
adherent. An attempt was made at subperiosteal resection of the clavicle. As 
the clavicle came away, there was a flow of dark fluid. This was followed by 
sharp arterial hemorrhage, which was controlled by the finger. There was a 
cavity extending deep into the thorax toward the spine. The arterj' could not be 
found. The tvound was packed with iodoform gauze to stop the hemorrhage, and 
it was closed with silk. 

After operation, pulsation in the tumor was slightly less. Suppuration began 
on the fourth day. No hemorrhage occurred during the first week. The packing 
was removed on the seventh day. There was some redness and gangrene of the 
skin. On the eighth da}% cough and bloody sputum were noted. On the ninth day 
there was a hemorrhage of 500 cc., and on the fifteenth day another hemorrhage 
of 250 cc., which was controlled by pressure. The patient was delirious, and died 
on the sixteenth day. 

Autopsy showed an infected wound, pneumonia and dilatation of the innominate 
artery. A large sac just beyond was filled with a clot. The subclavian arterj' was 
enlarged, the carotid obliterated. The sac extended to the spine and to the left 
carotid. There was a sinus from the sac to the operative wound. 

38. Jacobson and Rowlands (footnote 30, second reference). 

39. Richter, J. ; A Case of Aneurj'sm of the Innominate and Right Common 
Carotid, Dissertation, Greifswald, I8S0. 
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Casi; 41 (surgeon, Parliam, 1894).— A while man, aged 48, ten weeks before 
aclmis.sion to the hospital, while lifting, felt a severe pain in the right side of the 
neck, and a small lump appeared. The right internal and c.xtcrnal carotid arteries 
had been ligated. The aneurysm continued to increase. On admission, Aug. 15, 
1894, the pulse was almost imperceptible in the right radial and right temporal 
arteries. The right vocal cord was paralyzed. The right pupil was smaller than 
the left. The tumor was inches (19 cm.) in circumference, and increased 
rapidly after admission. 

On August 20, incision was made along the inner half of the right clavicle and 
down each side of the sternum. A \l4 inch trephine was placed in the sternum. 
A small pulsating tumor was found just above the aorta. A large vessel was felt, 
which was probably the innominate. Ligation was impossible. The wound was 
packed. The patient died seventeen hours after operation, probably from shock. 

At autopsy, the aorta was found to be dilated and rough. The innominate 
admitted the entire index finger. The aneurysm was of the bifurcation and 
included all three vessels. 

Casi. 42“ (surgeon, Symouds, 1894). — A man, aged 53, was admitted to the 
hospital in October, 1894. with aneurysm of the second portion of the subclavian. 

On November 5, an attempt was made to ligate the first portion of the sub- 
clavian artery through a vcrticai incision over the sternoniastoid. As the needle 
passed, there was a sharp hemorrhage. This was repeated on a second attempt. 
A median vertical incision was made and joined to the other by a transverse inci- 
sion. The sternal head of the sternomastoid was cut. The innominate and carotid 
arteries were tied with silk. 

Two sinuses formed after operation. A piece of catgut and silk was dis- 
charged, Seven months after the aneurysm was hard. Function of the limb was 
returning. There was no radial pulse. The pulse was present in the carotid. In 
1899, the patient was living and well. 

Synionds stated in a letter on Oct. 1, 1904, that the “patient died some time 
ago of a general malady.” 

Case 43“ (surgeon, H. L. Burrell, 1895). — A white man, aged 54, two years 
before admission noticed difficulty in breathing. Si.K months later, be noticed a 
lump in the left side of the throat, which throbbed and choked him. The lump 
increased in size slightly. Examination on admission showed the heart enlarged 
with systolic and diastolic murmurs over the entire prccordia. The liver was 
enlarged. The pulse was full in both wrists. 

On July 15, 1895, an incision was made along the anterior edge of the sterno- 
mastoid muscle and outward 4 inches to the middle of the clavicle. The sterno- 
mastoid was cut at the sternal insertion. A fusiform aneurysm of the right 
subclavian, right carotid and innominate arteries was e.xposed. The upper half of 
the sternum and sternoclavicular joint was removed with bone forceps. The wound 
was kept wet because of air bubbling in the tissues, apparently from an opening in 
the pleura. The innominate artery was isolated and found to be 1)4 inches 
in diameter. A flat spatula was passed under the vessel, and a flat braided silk 


42. Parham: Preliminary Report of a Case of Immense Cervical Aneurysm 
Involving the Innominate Bifurcation: Unsuccessful Attempt to Pass a Pro.ximal 
Ligature; Death; Autopsy, New Orleans M, J. 23:703, 1895. 

43. Symouds: Lancet, Tr. Clin. Soc. 1:1493, 1899. Jacobson and Rowlands 
(footnote 38). Sheen (footnote 9). 

44. Burrell,. H. L. : Ligature of the Innominate Artery with Report of a Case, 
Tr. Am. Surg, Assn. Phila. 13:291, 1895; footnote 31, second reference. 
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ligature was passed with an aneurysm needle and tied with the square knot. Tliis 
was gradually tightened until the coats gave waj’. A second ligature of silk was 
placed in the same way inch distal to the first, and was not tied quite as tight 
as before. The intention was to cut the artery, but this procedure seemed too 
dangerous. The wound was closed tight. Operation lasted one hour and fifteen 
minutes. 

After operation, pulsation had disappeared from the neck and from the right 
carotid and the radial arteries. Cotton was packed around the arm. The right 
pupil was larger than the left ; the right car drum was anemic. There was no pain. 
On the second day, there was capillary circulation in the nails. On the fifth day, 
the fingers were pink and could move. On the sixth day, the wound was dressed. 
There was violent pulsation o\’cr the sternum. There was a small radial pulse. 
Some sutures were removed. On the seventh day, the numbness anti prickling 
disappeared. On the tenth day, the wound was healed and all stitches removed. 
On the fifty-third day, there was slight swelling of the right arm, which lasted 
from three to four days. During this time, the patient was up and around. He 
left the hospital on the seventy-third day. He returned on the hundredth day 
with cdenxa of the arm, aud, died suddenly on the hundred and fourth day. 

Autopsy revealed hypertrophy and dilatation of the heart and of the aorta, with 
atheromatous patches. The right subclavian artery was dilated. The innominate 
artery was completely closed at the origin of the subclavian and carotid arteries. 
It was dilated proximally to this point. A ligature was foimd embedded in the 
walls of the artery. The lower ligature had severed the artery, but healed. 
Syphilis was made out on microscopic c.xamination. Collateral circulation was 
found to be through the right carotid and the vertebral of the subclavian. 

Case 44“ (surgeon, R. H. Harte, 1896). — A colored man, aged 26, was admitted 
to the hospital on May 31, 1896, evith a pistol wound of the neck. The bullet 
entered the neck on the left side. The left arm was paralyzed. The forearm and 
hand were normal. There was dysphagia, A roentgenogram taken on June 1 
showed the bullet on the right side of the neck anterior to the seventh cervical 
vertebra. 

Operation was performed on June 1, with the patient under ether. An incision 
was made in the right side of the neck behind the posterior margin of the sterno- 
mastoid. The bullet was found in a pocket of pus close to the esophagus, behind 
the common carotid artery just above its origin. On June 4 a fistula developed, 
which soon healed. On June 12 there was a sudden hemorrhage, which was con- 
trolled by packing. On June 14 there was another sudden hemorrhage, which was 
controlled by placing a finger in the depth of the wound. On July 16 an incision 
was made in the line of the carotid vessels, exposing the common carotid. A 
ligature was placed around them, but this did not stop the bleeding. The sternal 
end of the clavicle was dislocated ; an abscess cavity was found at the bottom of the 
wound. Another ligature passed just above the origin of the carotid entirely 
controlled all bleeding. On July 26 there was a second hemorrhage. The patient 
was in a poor condition, but bleeding was controlled by a finger. 

On July 26, the old wound was opened. The proximal end of the carotid was 
found to be open ; the clavicle was turned outward. The innominate artery was 
found and ligated with silk a short distance proximal to its bifurcation. The right 
subclavian and the carotid arteries were also tied. The right internal jugular was 
ulcerated, so that it ruptured and was tied with a double ligature. The edges 


45. Harte, R. H. : Ligation of the Innominate Arterv for 
Report of a Case, Ann. Surg. 26:489, 1897. 
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were approximated with silkworm gut. The patient was given an infusion, but 
died in a few hours. 

Autopsy sliowcd that the esophagus was ulcerated, and had a fourth of an 
inch opening. Tiierc was an abscess of the brain in the right temporosphenoidal 
lobe. 

CA.sn 45 "> (surgeon, G. \\k Gay, 1896).— A white woman, aged 39, had noticed 
dy.spnea and dysphagia and painful pulsation at the root of the neck for two years. 
There was a dull, aching pain in the hack of the right axilla. During the six 
months before admission to the hospital all the .symptoms had grown worse. On 
admission, Oct. 19, 1896, there was a tumor IJ/j inches in diameter in the right 
side of the neck. 

Operation was performed on October 27, with the patient under ether, and 
sitting in a chair. .An incision was made from the left sternomastoid down to the 
sternum and out along the right clavicle. The sternomastoid muscle was divided. 
The sternoclavicular joint and the upper portion of the sternum vere removed. 
The innominate was c.xposcd, and the sheath was opened. The artery was found 
to be 2 inches long and 1 inch in diameter. Three ligatures of braided silk were 
used, the first one inch from aorta, the second inch distal to this and 
the third one in the same place. -All the ligatures were passed from within out, 
tied with square knots and cut through. The wound was closed in layers with 
silk, and a small silk drain was placed at the angle. The arm was wrapped in 
absorbent cotton. The operation lasted one and one-balf hours. 

After operation, pulsation in the tumor and radial arteries ceased at once. 
Seven hours later, there was slight pulsation in the right radial artery. On the 
fourth day, the wound was dressed and was found to be normal. On the sixth 
day, the temperature was 100.4 F. There was infection of the wound; the flap 
was red and swollen, but the patient's general condition was much better than 
before operation. On the tenth day, the wound was healed c.xcept for a small 
sinus at the angle V/i inches long. On the twenty-third day, the sinus closed. On 
the thirty-second day, while the sinus was being washed out, a slow welling up 
of blood occurred which was easily controlled by pressure. Ether was given. The 
incision was opened. A small cavity was found with a sinus extending toward the 
deep ligatures. The right carotid was exposed and tied with silk 1 inch from its 
origin, and the wound was dosed. The sinus was packed with iodoform gauze. 
On the thirt}'-fourth day, the temperature was 104.5 F. A brisk hemorrhage 
occurred. On the thirty'-fifth day, there was a hemorrhage. On the thirty-sixth 
day, the sutures u’cre removed. The temperature was normal. On the thirty- 
eighth day, the patient had some difficulty in moving the right arm. It felt numb 
and cold. On the thirty-ninth day, a profuse hemorrhage occurred. On the forty- 
first day, the temperature was 105 F. at night. There was a severe hemorrhage, 
and the patient died. 

Autopsy showed a cavity about the innominate artery tbe size of a walnut 
communicating with the sinus and filled ■with clot and serum. Two ligatures were 
found together about the innominate in this cavitJ^ The single ligature proximal 
to this and the artery were lost. The carotid was closed by a ligature. The 
subclavian artery and branches were much dilated. A diagnosis was made of 
rupture of the innominate artery proximal to the ligatures. Myocarditis, arterio- 
sclerosis and multiple abscess of the kidney' were found. Staphylococcus aureus 
was cultivated from the heart, liver, spleen and kidney'. Microscopic examination 


46. Gay, G. W. : A Case of Ligature of the Innominate Artery' for Aneurysm, 
P.oston M. & S. J. 137:73, 1897. 
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of the arterial wall showed it to be necrotic, witli staphylococci present. It was 
found on investigation that a new sterilizer had been used for ligatures, which was 
later found to be faulty. 

Case 46 (surgeon, Schumpert, 1898).— A negress, aged 42, was admitted to 
the hospital with a pulsating tumor the size of a large marble behind the inner 
third of the right clavicle. She suffered from dyspnea and a dull aching pain in 
the tumor. A diagnosis was made of aneurysm of the common carotid near its 
origin. 

An incision /'/( inches long was made at the anterior border of the sterno- 
mastoid down across the sternum. The sternal portion of the sternomastoid was 
cut. The anterior jugular was ligated. The carotid artery was exposed, and 
traced. The aneurysm was found to be of the bifurcation. The innominate 
artery was traced down to the aorta and ligated }4 inch from the aorta with 
no. 8 braided silk passed from within out and tight enough for occlusion without 
severing. 

After operation, the wound healed by primary union. There was a difference 
in temperature in the two arms during the first two days. The pulse rate was 
40 for the first forty-eight hours, then 68. Xo pulse was felt in the arm or temple. 
On the fifth day, the patient was in coma and she died on the following day. 

Autopsy showed some softening and slight atrophy of the right side of the 
brain. The ligature was encysted without inflammation. 

Case 47-** (surgeon, B. G. A. Moynihan, 1898). — A white man, aged 31, noticed 
a pulsating tumor on the right side of the root of the neck fifteen months before 
admission to the hospital. This gradually increased in size. There was a history 
of syphilis. The left radial and brachial pulse was absent. On admission, there 
was a large mass the size of a hen's egg, with expansile pulsation. The heart 
was normal. The right pulse suddenly stopped twenty-three days after admission. 
It returned later, but the tingling and aching in the arm continued. On Dec. 8, 
1897, through an incision with resection of the clavicle, the aneurysm was resected 
between ligatures of the second portion of the subclavian and axillary arteries. 
On December 13, there were infection and erysipelas and a temperature of 104 F. 
On December 20, there was considerable drainage of pus. On December 25, the 
condition was the same. On Jan. 9, 1898, the gland in the axilla was incised, and 
antistreptococcus serum was given. There was a sudden hemorrhage from the 
flap which was controlled by pressure. On February 8, there was another hemor- 
rhage. The wound was opened, and the subclavian was found to be bleeding very 
deep. 

On this same day curved incision was made about the sternoclavicular joint, 
concave, upward and outward. The upper fourth of the sternum and the inner 
third of the clavicle were resected after holes had been bored. The innominate 
artery was reached immediately and the ligatures placed. The innominate and 
carotid were ligated and the hemorrhage stopped, but the patient died from shock 
one hour after operation. 

Autopsy revealed a second aneurysm of the subclavian distal to the vertebral, 
which had ruptured. 


47. Schumpert ; Ligature of the Left Subclavian : Ligature of the Innominate 

Artery for Innominate Aneurysm, Also First Portion of Left Subclavian Med 
Kec. 54:337, 1898. ’ 

48. liloynihan, B. G. A. : A Case of Subclavian Aneurysm Treated by Excision 

of the Sac, Ann. Surg. 28:1, 1898. ^ 
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Case 48" (surgeon, A. L. ncniicti, 1898).— A native in French Congo, aged 55, 
'vliilc on a walking trip in Ala}', 1899, devcioiicti marked dyspnea and swelling in 
tile right side of the neck, which had hecn iirogrcssing for many years. The right 
pupil was greater than the left. The trachea moved with the swelling, but there 
was no large tug. 

Operation was performed on Alay 12, 1898. The anesthesia was administered, 
with the aid of native assistants, and the patient prepared for operation with soap, 
water and alcohol. An incision 10 cm. long was made along the sternomastoid 
and 11 cm. parallel to the clavicle. The sternomastoid muscle was cut. A large 
aneurysm of the carotid and first part of the subclavian was exposed. Part of 
the sternum and clavicle was cut away with much difficulty. Two flat tape liga- 
tures, 3 cm. wide, were passed around the innominate artery with an aneurysm 
needle. One was tied 1 inch from the aorta, the other .some distance distally, and 
the innominate artery was cut between the ligatures, leaving a 5 mm. stump 
on the jiroximal side. The operation was dry. .All pulsation ceased at once in the 
neck, and there was no pulse at the wrist. 

After the operation the [latient did well until the third night, when he died 
suddenly from secondary hemorrhage. No autopsy was obtained. 

Ca.si: 49’''’ (surgeon, B. F. Curtis, 1899). — A white man, aged 55, was admitted 
to the hospital with intense iiain in the right arm of some months’ duration. The 
heart was hypertrophied. There was generalized arteriosclerosis, especially of 
the right subclavian and a.xillary. Under the right clavicle there was a swelling 
2 inches in diameter with expansile pulsation. 

Operation was performed on Dec. 2, 1899. The sternum was split and divided 
transversely just above the second rib. The carotid and the subclavian were found, 
and then these wore traced down to the innominate, which was isolated. A double 
heavy chromic catgut ligature was applied and tied simultaneously inch 
proximal to the bifurcation, hut not with a stay knot. The artery walls were 
folded in easily. The ligature was tight enough to stop the pulsation, but not 
tight enough to injure the coats. Another single ligature was placed obliquely, 
distal to the double ligature. The bone was united with heavy wire. The wound 
was closed without drainage, except the lower angle between the skin and 
sternum. 

For two days after operation there was considerable pain. The temperature 
varied from 102 to 104 F. The pulse rate was slow. No cerebral disturbance 
was noted. Four days after operation, there was a slight pulsation in the aneu- 
rysm and in the right radial artery. Four weeks after, when the patient got up, 
the pulsation increased. There was also pulsation in the carotid. Six weeks after 
operation, a small abscess at the upper angle of the scar was opened. On Alarch 
13, 1900, the common carotid and first portion of the subclavian were ligated 
distally to the superior thyroid branch. The pulse stopped in the aneurysm but 
not in the subclavian artery. The clavicle was wired, and the wound was closed. 
The temperature rose to 102 F. The inferior upper angle suppurated. There was 
some osteomyelitis. The wire was removed and fibrous union occurred. On 
October 29, the .patient was in good condition with a strong union of bis clavicle 
and no aneurysm. 

49. Bennett, A. L. : Ligature of the Innominate for Aneurysm of the Right 
Common Carotid and Subclavian, Colorado AI. J. 6:467, 1900. 

50. Curtis, B. F. ; Ligature of Innominate Artery, Ann. Surg. 31:626, 1900; 
Milton’s Alethod of Exposing the Anterior Alediastinum Alodified for Ligature of 
Innominate Artery, ibid, 34:472, 1901. 
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The innominate artery was ligated because of the difficulty of ligating the first 
portion of the subclavian. Pulsation stopped at once. The aneurysm was opened 
and bled severely. The sac was partially extirpated. The wound was packed and 
closed around the drains. The operation lasted two hours and fifteen minutes. 
The patient died of shock despite hypodermoclyses. 

At autopsy the pathologic process described at operation was found. The 
aneurysm e.xtcnded down into the thorax on to the right lung and was adherent 
to the pleura. There was edema of the lungs. 

Case 52"’ (surgeon, C. A. Ballance, 1902). — A man, aged 35, was admitted to 
the hospital on i\Iarch 27, 1902. In the right root of the neck, there was a slight 
swelling 9 cm. long with expansile pulsation. The swelling extended under the 
manubrium. The right radial and carotid pulses were smaller than the left. The 
right pupil was smaller than the left and the right vocal cord was partially 
paralyzed. There was pressure on the right lung. The heart and aorta were 
normal. There was pain in the tumor, and the patient had a hacking cough. 
Medical treatment was given without effect. 

On April 15, with the patient under chloroform, a median incision was made 
from the thyroid cartilage to the manubrium. The sternohyoid and sternothyroid 
muscles were separated. A finger was passed down beside the trachea to the arch 
of the aorta. The innominate was normal for the first half inch. The manubrium 
was incised vertically to the upper border of the second costal cartilage, cut 
across at this point and pulled apart. One-half inch of bone was removed from 
each side. The vessel was cleared, and a needle with four strands of gold-beater's 
skin (ox peritoneum) no. 4 was passed. This was tied with a stay knot, occluding 
without injuring tlic coats. The pulsation in the aneurysm ceased at once; the 
common carotid, which was distended but not pulsating, was tied with two strands 
of the same. This was needless, due to a clot. The wound was closed. 

After operation there was no pulse in the right radial artery, and the right 
side of the face was colder than the left. Breathing was labored on the morning 
after operation. There was a left hemiplegia that night, and the patient died. 

At autopsy the common carotid, internal carotid and middle cerebral arteries 
were thrombosed. No other disease was found. There was an aneurysm of the 
carotid, subclavian and innominate arteries. 

Case 53” (surgeon, Persons, 1904). — The patient was in the Naval Hospital 
at Norfolk, Va., for two weeks with repeated hemorrhages from a laceration of 
the right axillary artery. The bleeding point could not be located. Operation 
was performed, but after an ineffectual attempt to find the subclavian artery, 
owing to a clot, the innominate was ligated at the bifurcation. The patient died. 

Case 54” (surgeon. Sheen, 1904).— A white man, aged 46, had an aneurysm 
of the second and third parts of the subclavian artery of six months’ duration. 
There was a pulsating swelling above the middle of the clavicle, 6 by 5 cm., 
extending from the sternomastoid to the trapezius muscle. The right radial, 
brachial and a.xillary pulse were just perceptible. The temporal and the carotid 
pulse were equal on the two sides. The fingers were bluish white. 

53. Ballance, C. A. : Aneurysm Involving Innominate, Subclavian and Carotid 
Arteries, Treated by Proximal Ligation, Lancet 2:1180, 1902; Ligation of the 
Innominate Artery Innominate Aneur 3 'sm, Brit. J. Surg. 9:438, 1921. 

54. Persons : Ligation of the Right Innominate Artery, Rep. Surg.-Gen. Navy, 
1904, p. 272. 

55. Sheen; A Case of Ligature of the Innominate Artery, Brit. iM. J. 2:870, 
1905; footnote 9. 
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On JJarch 31, 1504, with great attention to asepsis and with the patient under 
chloroform, a median incision, S inches long, was made from the cricoid cartilage 
to the sternal notch. The carotid vessels were exposed and traced down. In 
dissecting the first part of the subclavian, the pleura was opened. This was 
packed with gauze. The innominate was exposed ; two ligatures of stout floss silk 
were passed from without inward and tied with a Ballance and Edmunds* stay 
knot to occlude completely without injuring the coats. When the ligature was 
tightened, tlie temporal pulse disappeared. The carotid was tied with one suture 
in a surgical knot. The wound was closed tight. 

Mental disturbance was noted for two days after operation. One day after, 
there was a slight return of pulsation. This increased for four days and was gone 
on the eighth. It increased later, but never was as strong as before operation. 
The pain continued. There was primary union of the wound. There was slight 
recurrent paralysis on the right side. The right radial pulse returned on Ttlay 
17. On May 19, an attempt was made to ligate inch pro.ximal to the sac; 
this was not successful, owing to bleeding. On June 2, the aneurysm and first 
part of the subclavian were exposed. A stout twist was passed around the latter 
and tied with a surgical knot. The pulsation ceased. The second suture was 
passed distal to the first. There was primary union. Circulation was not as good 
after this operation. Three weeks after this, there was no return of pulsation. 
Pain and tingling were much less. The radial pulse returned two months after 
operation. On December 16, the sac was fiat, and had no pulsation. There was a 
slight pulse in the right radial and temporal arteries. None was felt in the right 
carotid and brachial arteries. The enlargement of the veins had disappeared. The 
pain was slight. The patient's condition was good. 

Ca.se 55” (surgeon, Saigo, 1094). — A soldier, aged 22, was shot in the right 
side of the neck on Oct. 14, 1904. The shot went through the neck from the 
anterior border of the right sternomastoid to 2 cm. from the spine of the first 
dorsal vertebra. An aneurysm developed, with pain, difficulty in swallowing and 
ptosis on the right side. Pain was felt also in the arm down to the little finger. 
The tumor increased in size, the skin became tense and bluish and right-sided 
headache developed. 

On November 23, with the patient under chloroform, a T-shaped incision was 
made over the clavicle and manubrium. The sternal end of the sternomastoid was 
cut. Part of the clavicle and part of the manubrium were resected. The innomi- 
nate artery was isolated and ligated. The aneurysm was of the right carotid 
The wound was dosed with drainage. 

On the first day after operation, there was pain in the wound ; the pain in the 
arm and head was gone. No radial pulse was felt. There were slight emphysema 
and difficulty in swallowing. On the second day, the drain was removed. The 
tumor was smaller, and there was a large amount of grayish discharge. On the 
sixth day, the wound was reopened. There was a moderate amount of pus. 
The emphysema disappeared. On the tenth day, the tumor began to pulsate 
again. On the fifteenth day, the skin broke down and discharged tarry fluid. 
Healing was uneventful from that time. In August, 1905. ligation was done 
above and below the aneurysm, and the sac was resected. The patient made a 
good recovery. 

Case 56“ (surgeon, Saigo, 1905).— A soldier, aged 24, was shot just above the 
right clavicle on March 5, 1905. He developed a varicose aneurysm of the right 

-r. Aneurysm in the Russo-Japanese War, Deutsche 

Ztschr. f. Chir. 85:577, 1906. '^eutsene 
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subclavian artery and vein. Tlic wound healed in fifteen days. Severe pain was 
present over the tumor. 

On April 6, 1905, with the patient under ehloroform, an incision was made 
along the right clavicle with resection of its inner third. The innominate artery 
was doubly ligated and cut. 

After operation the patient complained of cold in the right temple and check. 
The tumor recurred after thirteen days. The right pulse was weaker than the 
right arm was emaciated. On August 4, an operation was again per- 
formed in the original scar. The new bone was resected. The subclavian artery 
was c.xposcd. The aneurysm was e.xcised after ligation of the subclavian artery 
and vein, proximally and distally. The pain was better after this operation. The 
patient was discharged on November 2. 

Casi; 57" (surgeon, W. S. Halstcd, 1905). — A white woman, aged 50, was 
admitted to tho hospital on Oct. 17, 1905, with aneurj-sm of the right subclavian 
artery of si.\ years’ dur.ation. The aneurysm was wired in December, 1904. The 
heart was normal. There was a tingling in the fingers, but no paralysis of the 
nerves. The radial pulse was a little delayed. The tumor measured 7 by 8 cm. 

On Nov. 17, 1905, two thirds of the clavicle and part of the first rib were 
resected. The innominate artery was partially ligated with a no. 35 aluminum 
band 1.5 cm. wide, wrapped twice around the artery and held in place by a heavy 
black silk ligature. 

After operation the pulsation was reduced somewhat by the application of the 
band ; the size was unchanged. On January '12, the blood pressure of the right arm 
was 100 and of the left arm 102. The subclavian artery was ligated. Pulsation 
in the aneurysw persisted after ligation on both sides of the aneurysm. There 
was no pulse in the tumor at the first dressing after the second operation. The 
patient was well on February 10. She was readmitted to the hospital on March 
31, 1921. The aneurysm had disappeared. Function of the arm was not impaired. 
There was dilatation of the common carotid distal to the band. 

Case 58°’ (surgeon, Cuneo, 1905). — A woman, aged 49, was admitted to the 
hospital on Dec. 12, 1905, with an aneurysm of the aortic arch. She had had 
increasing dyspnea for six years, and the medical treatment had not improved her. 
She was hoarse, had severe dyspnea, was weak and emaciated and had severe pain. 

On December 13, with the patient under chloroform, a right angle incision was 
made, and the sternomastoid was cut. The inferior thyroid veins were cut and 
tied. The innominate artery was tied at the middle with no. 2 silk, and the respira- 
tions ceased momentarily. The innominate artery was dilated proximally, being 
involved in the aortic ancur}’sm. The wound was closed without drainage. 

After operation the radial pulse stopped but returned the ne.xt daj-, with no 
change in the pupil. The temporal pulse was present throughout. The first day 
after operation, the dyspnea was better and the tumor was small. The patient was 
discharged at the end of one week. She was in the hospital again from Jan. 12, 
to March, 1906, with bronchopneumonia. In December, 1910, she was living, 
and was much better than before the operation. The dyspnea, was not so severe. 
There was no cough. The tumor was present, but was much harder. 

57. Reid : Aneurysms in the Johns Hopkins Hospital, Arch. Surg. 12: 1 
(Jan.) 1926. 

58. Guinard: Ligation of the Innominate Artery for Aortic Aneurysm, Bull, 
et mem. Soc. de chir. 37:800, 1911. 
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of one year’s duration. Pain had been felt in the sfioulcler and down the arm for 
five months. The arm and liand were edematous and numb. 

Operation was performed on August 9, with tlie patient under etlier, Ulott’s 
incision being used. One ligature, with the largest size of braided silk, was tied 
around tlie innominate artery 1 inch from the bifurcation in a granny knot. The 
ligature was tight enough to approximate the vessel walls, but not to crush them. 
The operation lasted one hour and twenty minutes. Pulsation ceased at once. 

On the second day after the operation, the edema, pain and numbness were 
gone. On the fourth day, there was suppuration of the wound. On the fifth 
day, counter openings were made, and wicks were inserted. The temperature fell 
and remained normal until the fourteenth day. On the fourteenth da.v, there was a 
hemorrhage which was controlled by packing and tight dressing. On the six- 
teenth day, a small hemorrhage occurred, the temperature rising to around 101 F. 
On the eighteenth day, there was another small hemorrhage. On the twenty-first 
day, the iigaturc was removed from the wound. 

Case 02" (surgeon, Myles, 190S). — A man, .aged 29, had a subclavian aneurysm. 
A median incision was made low in the neck, and the innominate artery was ligated. 
The right common carotid was doubly ligated and divided. The wound healed bj’ 
primary union. Pulsation continued in the aneurysm, and ten days after opera- 
tion there was a large subcutaneous hemorrhage. The wound was opened, and 
the stumps of the vessels were champed and tied. Suppuration followed this 
operation, and the patient died at the end of one month. 

Autopsy showed that the ligatures had slipped from the carotid artery. 

Case 03 ® (surgeon, Herzen, 1908). — A policeman, aged 30, was shot in the 
right side of the neek, in the right arm and the right leg seven months before 
admission to the hospital. On the way to the hospital, he broke the right clavicle. 
The tvound bled severely, and he was unconscious for three days. Three months 
later, a slowly increasing aneurysm appeared, with swelling of the right cheek 
and arm. On his second admis.sion, he showed scars of the right leg and arm 
and at the right of the trachea, and the bullet was still in the neck. There 
was a pulsating tumor the size of a walnut behind the sternoclavicular joint on 
the right. No temporal pulse was felt; the radial was present on the right. There 
were contracture and paralysis of the right arm, particularly at the shoulder. The 
arm was painful and sensitive. Almost the entire brachial plexus was involved. 

On October 4, with the patient under ether and choloform, a median incision 
of the neck was bisected by a horizontal one along" the clavicle. The flaps were 
retracted. All veins were bleeding, with pulsation. The inner third of the clavicle 
was removed, and part of the sternum. A large adherent aneurysm was present. 
The innominate artery was exposed and ligated with silk thread. The pleura 
was opened by accident and packed. The right radial pulse ceased after ligation. 
The carotid was cut between the ligatures. The subclavian was ligated at its 
origin. The aneurysm was dissected out. The jugular and subclavian veins were 
ligated. The wound was closed rvith two gauze drains. 

On the first day after operation, cough and pleuritic pain developed. The 
drains were removed with much bloody discharge. The right pulse was wea -. 
On the fourth day, there was some cyanosis of the hand. On the sixth day, the 

61. Myles: A Case of Ligature of the Innominate Arfer.v, Dublin J. M. Sc. 
124:474, 1907; A Case of Ligature of the Innominate Artery, Tr. Roy. Acad. Med., 

Ireland 26:278, 1907-1908. ... n», 

62. Herzen: Ueber ein Fall von Unterbindung der Art Anonyma, Deutsche 

Ztschr. f. Chir. 104:241, 1916. 



1531 


GREEN O UGH—JNNOMINA TE ART ERY 


stitches were taken out. There was slight inflammation. Bronchopneumonia 
developed in the right lung. On the eleventh clay, there was general urticaria. 
The wound was closed on tlie seventeenth day, and on the twenty-first day the 
patient was discharged. Three months later the right arm was paralyzed, the 
right pulse was absent and the aneurysm was healed. In February, 1909, the brachial 
plexus was operated on with partial return of function. 

Case 64® (surgeon, Kimura, 1908).— A patient, aged 46 years, was admitted to 
the hospital in September, 1908, and operated on for popliteal aneurysm. On 
October 12, a pulsating tumor, the size of a hen’s egg, was found in the neck 
behind the right sternomastoid. 

On November 20, with the patient under chloroform, an incision was made at 
the inner margin of the sternomastoid. The carotid was exposed, and the aneurysm 
was found to be of the bifurcation. The subclavian artery was ligated with two 
silk threads, and cut near its origin. The innominate was ligated and cut near the 
aorta. The common carotid, which had had a partial ligature placed on it, was 
then ligated tigittly, and the aneurysm was partially removed. 

On the first day after operation the patient was sliglitly hoarse ; there were 
no motor or sensory disturbances, and no pulsation in the right radial artery. On 
the third day, the hoarseness disappeared; the dressing was changed. On the 
thirty-third day, the patient rvas discharged from the hospital. There were no 
disturbances of the brain or arm. Seventeen months after this, his general condition 
was good, except for slight difficulty in walking, resulting from the popliteal 
operation. 

Case 65® (surgeon, Ballance, 1909). — A white man, aged 35, was admitted 
to the hospital in 1909. He had a swelling at the right root of the neck, and this 
swelling increased in size. The right radial and the carotid pulsation were smaller 
than the left. 

The first and second left costal cartilages, the inner end of the left clavicle 
and the left three fourths of the manubrium were removed. The aneurysm was 
near the bifurcation of the innominate. The origin of the vessel was normal. The 
tumor was ruptured as the ligature was passed. The innominate was plugged 
with a finger in the sac and ligated with two kangaroo tendon ligatures tied w'ith 
a stay knot but not crushing the coats. The man died thirty hours later. 

Case 66® (surgeon, Sargent, 1909 ). — A woman, aged 67, was admitted to the 
hospital on Aug. 12, 1909; she had noted pulsation in the root of the right side 
of the neck for eight weeks. There were pain, loss of power in the right arm, 
dyspnea, occasional cyanosis and some precordial pain. On examination, there 
was a pulsating tumor above and lateral to the sternoclavicular joint. The right 
pupil was greater than the left. The right arm was weaker than the left. After 
three weeks’ rest, the patient was better. She was seen by Dr. Ballance, and an 
operation was decided on. 

On September 14, with the patient under chloroform, a median vertical incision 
was made. The anterior jugular was tied; the right half of the manubrium and 
part of the first costal cartilage were removed. The sternohyoid was separated 
from the tumor. The left innominate vein was exposed and pulled upward. The 
aortic arch and origin of the innominate artery were exposed and appeared normal 


63. Imai : Bin durch Extirpation geheilter Fall von aneurysm der Art 
Anonyma, Deutsche med. Wchnschr. 39:1147, 1913. 

64. Ballance (footnote S3, second reference). 

65. Sargent: Aneurysm of the Innominate Arterv Proximal T * 

Recovery, Lancet 1:1200, 1911. i-roximal Ligature, 
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Tlic innominate slicatli was opened and a Jigatiire passed inch from the origin 
Two thick floss ligatures were tied with a sta^ knot Pulsation ceased The 
carotid was tied through another incision at the cricoid cartilage with no 2 silk 
The wound was closed 

On the first da\ after operation the right side of the face and the arm were 
cold and pulseless Prom the sixth to the ninth dajs, there was pulsation at the 
aneiinsin On the tenth dai, weakness of the left arm and the left side of the 
face was noted The patient was discharged at the end of three months with 
the facial weakness gone In June, 1910 she was normal No pulse was felt at the 
aneunsm, nor was there an\ weakness of the arm The radial pulse was weak, 
hut present The pupils were eiinal The patient died on Feb 20, 1911, from 
bronchopneumonia and chronic nephritis 

Autopss rescaled pneumonia pericarditis chronic interstitial nephritis and 
arteriosclerosis The aneurism arose from the mnommate arten the ligature 
was half wai from the aorta to the aneunsm ami was represented b\ a grooie 
and obliteration of the arten No silk was found The subcIaMan was obliterated 
half an inch short of the lertchral hrniich The condition of the carotid could not 
be ascertained The clots closing the icsscis were inseparable from the walls 
The collateral was through the lertcbral, mtenial mamman, inferior tlnroid 
and suprascapsular arteries all of which were enlarged 

Casi 67“ (surgeon, Aforf, 1911) — A white man, aged 55, was admitted 
to the hospital on Mai 20, 1911, with a hislon of pain for file or six lears in 
the deltoid muscle and down the arm While hemg treated hi an osteopath six 
months before admission, there w,is pam in the right stipraclaiiciilar region The 
next dai there was a pulsating tumor the size of a pigeon’s egg On admission, it 
was the size of a hen’s egg and pulsated 

On Mai 28, with the patient under ether, an incision 13 cm long was made 
6 cm aboic the claiiclc The sternomastoid nuiscle was dnided The inner third 
of the claiicle was resected The nglit carotid arten was found and followed 
down to the miiommate The nnciirism iinolied the second portion of the sub 
claiian The innominate was isolated bj blunt dissection Two bean kangaroo 
tendon ligatures were placed and lied One ligature was tied about the common 
carotid at its origin Pulsation ceased at once in the aneurism and m the right 
arm The wound was closed The operation lasted one hour The patient was in 
good condition 

After operation, the arm was sliglilli eleiatcd and wrapped in wool There 
was no cerebral disturbance There was considerable pain m the right arm for a 
few daj s The aneurjsm became hard and firm There was a distinct pulse m 
the right radial in two and a half weeks Pulsation was felt in the aneunsm m 
three and a half iveeks The hand and arm were stiff for three months In 1917, 
there was occasional pain in the right arm The ancuri sm measured 6 hi 5 hi 4 
cm The wall was firm and strong, except for a small area 2 cm m diameter It 
increased oiilj sliglitl) in size The patient refused further operation 

Cask 68" (surgeon, Ballaiice, 1911)— A white man aged 43, was admitted 
to the hospital on Oct 23, 1911, with a large pulsating swelling aboie the right 
claMcle, extending from the middle of the claiicle to the head of the bone and 2 

66 Morf Ligature of the Innominate Arten for Subciav lan Aneiin sm, Stirg 
Gjtiec Obst 25:526, 1917 

67 Ballance A Case of Ligation of the Innominate Arten for Subclaiian 
Aneurysm, Proc Roj Soc Med, Clin Sect 5:99 1912, footnote S3, second 
reference 
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On November 7, the right innominate artery was ligated for subclavian 
aneurysm. A faint pulsation in the aneurysm had returned hy the time the wound 
was closed. 

After operation the aneurysm became smaller, and measured S.S by 4 cm. on the 
discharge of the patient. No circulatory embarrassment of the hand was noted. 
The surface temperatures were about the same. At the last report, on Dec. 24, 
1912, the patient had improved. 

It was thought that this aneurysm was at the site of the previous ligation, and 
that the first aneurysm was in the third portion of the subclavian artery. 

Case 71'’ (surgeon, C. A. Hamann, 1913). — A white woman, aged 68, com- 
plained of severe pain in the right shoulder and arm and a pulsating swelling above 
the clavicle. The pain was present for from four to six weeks, and the swelling 
for one week. On Feh. 6, 1913, an attempt was made to insert a wire. 

On February 10, with the patient under ether, an incision was n)ade along the 
anterior border of the sternomastoid and along the clavicle. The sternomastoid 
was cut. The aneurysm was found to be of the third part of the subclavian extend- 
ing to the first part. Tu'o inches of the clavicle were resected. The innominate 
artery was c.xposed. A heavy braided double silk ligature was passed around the 
vessel inch below the bifurcation and tied with an ordinary surgical knot. The 
coat of the \'essel, which was atheromatous, gave way. Pulsation ceased at once. 
The common carotid was tied I inch from its origin with no. 2 chromic catgut. 
The wound was closed. A small drain was placed at the inner angle. The arm 
was wrapped in cotton. 

After operation the wound healed by first intention. No pulsation of the sac 
was felt. There was no cerebral trouble. On June 29, little trace of the sac was 
felt, and there was no pulse in the radial or brachial arteries. Thirteen months 
after operation, the patient was in good health and working. No aneurysm or 
radial pulse was noted. There was slight paresthesia of the fingers and forearm. 
The blood flow reported hy Stewart was as follows: On March 20, I.S Gm. per 
hundred cubic centimeters per minute in the right arm and 5.32 in the left, a 
ratio of 1:3.53; on March 21, 1.83 Gm. in the right arm and 6.38 in the left, 
a ratio of 1:3.48; on July 9, 8.26 Gm. in the right arm and 10.69 in the left, a 
ratio of 1 :1.3 

Case 72’° (surgeon, Thompson, 1914). — A colored man, aged 46, presented a 
large pulsating swelling of the axillary and supraclavicular spaces. For four 
days, his arm had been swelling. It showed a huge swelling with dilated veins 
and edema of the right arm. A constant boring pain in the hand and wrist was 
alleviated by raising of the shoulders. The radial pulse was absent. The heart 
was normal. 

On June 23, 1914, a transverse incision was made 1 inch above the clavicle 
from the midpoint to the middle of the neck. The sternomastoid, sternohyoid and 
sternothyroid were divided. The carotids and the innominate were exposed; pres- 
sure stopped the pulsation in the sac. The innominate was ligated with narrow 
linen tape, two strips of tape side by side, with Ballance and Edmunds’ stay knot. 

69. Stewart : Blood Flow in Hands and Feet in Cases in Which Obvious Ana- 
tomical Differences Exist, Arch. Int, Med. 12:678 (Dec.) 1913. Hamann. C. A.: 
Ligation of the Innominate Artery with Report of a Successful Case, Ann. Surg. 
59:962, 1914; Ligature of the Innominate Artery with Report of a Case, Tr. Am. 
Surg. Assn. 32:445 and 483, 1914. 

70. Thompson, J. E. : Ligation of the Innominate Artery for Cure of Sub- 
clavian Aneurysm, Ann. Surg. 61:641, 1915. 
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After operation titere was no cerebral trouble. The arm was warm. The 
wound healed by first intention, and the pain and weakness of the arm disappeared. 
Two months later the patient was in good condition. The tumor decreased in 
size and did not pulsate. The blood flow determinations were: three days before 
operation, 12.52 Gm. per hundred cubic centimeters per minute in the right hand 
and 6.36 in the left, a ratio of 2.T; eleven days after operation, 3.44 Gm. in the 
right hand and 15.38 in the left, a ratio of 1 ;4.47 ; seventeen days after operation, 
4.76 Gm. in the right hand and 15.31 in the left, a ratio of 1 :3.21 ; twenty-four 
da 3 's after operation, 4.86 Gm. in the right band and 9 in the left, a ratio of 1 ;1.85; 
thirty-one days after operation, 8.55 Gm. in the right hand and 14.24 Gm. in the 
left, a ratio of 1 :1.66. There was no pulse in the right hand at this time. 

Case 75" (surgeon, Hamann, 1916?).— A woman, aged 59, had an aneurysm 
of the innominate, carotid and subclavian arteries. At the time of operation, the 
aneurysm was fusiform, and the three great vessels were dilated to three times 
their Jiormal size. The innominate was tied with heavy silk and the carotid 
with chromic catgut. 

After operation the patient developed a left-sided hemiplegia. She died on 
the fourth day. 

Case 76” (surgeon, Coughlin, 1916). — A negro, aged 28, was admitted to the 
hospital on May 9, 1916, with an aneurysm of the right subclavian artery. 

On Jfay 18, with the patient under intratracheal ether, a midline incision was 
made from the upper margin of the clavicle downward for 4 inches. A trans- 
verse incision V/2 inches long was made at the upper and lower ends. The sternum 
and three upper costal cartilages of both sides were removed. The left innom- 
inate vein was e.vposed and drawn down. The innominate artery was exposed. 
An aluminum band was inserted, and the vessel was occluded one-half. The 
operation lasted one hour and fifteen minutes. There was considerable oozing on 
the right side of the incision. 

Three weeks after operation, with the patient under local anesthesia, the incision 
was reopened. The innominate was tied just distal to the band, and the carotid 
was tied just below its bifurcation. Two years later the patient was living and 
cured of his aneurysm. 

Case 77" (surgeon, T. Sinclair, 1916). — A white man was shot in the lower 
part of the right side of the neck on Aug. 24, 1916. He bled profusel)' for thirteen 
hours. He reached the casualty clearing station on August 25 and recovered from 
shock, but showed profound anemia. Traumatic arterial aneurysm developed in the 
lower part of the common carotid, which increased in size until the fourteenth day, 
when it measured 4)6 by 4 inches. The wounds were suppurating. The patient 
was becoming hoarse from pressure on the recurrent nerve, and his temperature 
varied from 100 to 101.8 F. 

On September 8, vertical and horizontal incisions were made. The sterno- 
mastoid was cut, and Iht inches of the clavicle was removed. The innominate 
was found behind the middle of the manubrium. It was tied with a single no. 4 
chromic catgut ligature. The wound rvas closed over a small drain, which was 

73. Hamann (footnote 72, first reference). 

74. Coughlin, W. T.; Removal of Portion of Sternum for Ligation of the 
Innominate Artery, Surg. Gjmec. Obst. 26:112, 1918. 

75. Sinclair, T.: Ligation of the Innominate Artery for Traumatic Aneurysm 
of the Carotid, Brit. M. J. 1:288, 1917. 
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kept in for forty-eight hours. The distal ligation was postponed because of the 
patient’s condition. 

The patient was discharged on September 16, eight days after tlie operation, 
with no infection. Three months after operation, examination showed no cerebral 
deterioration. These vessels in the right eye were slightly smaller than those in the 
left. No loss of vision or dizziness was present. The swelling had entirely disap- 
peared. The pulse of the right radial and ulnar was absent. Some feebleness and 
stiffness in the hand were noted, probably due to prolonged disuse. Good pseudo- 
arthrosis with the first rib gave motion to the arm and shoulder. 

Case 78” (surgeon, Coughlin, 1916).— A mulatto, aged 27, was operated on 
on Oct. 23, 1916, under local anesthesia. A median incision 4 inches long was made 
downward from 1 inch above the sternum. Three costal cartilages and the sternum 
were resected. When an attempt was made to pass a band behind the innominate 
artery, the vessel was ruptured, and the patient bled to death. 

Case 79™ (surgeon, Makins, ). — ^The patient was admitted to the hospital 

three days after a wound in the right side of the neck. He was pale and anemic, 
with a brachial monoplegia. There was no radial pulse. He was rested for four- 
teen days, and at the end of this time the tumor began to increase in size rapidly. 

The innominate was exposed through an incision along the sternomastoid muscle, 
and a clamp was placed on it. The clavicle was resected, and a superficial blood 
clot was cleaned out. The aneurysmal sac was opened. There was an alarming 
hemorrhage, which was controlled by pressure against the cervical vertebra. The 
subclavian artery was found to be divided, and the hemorrhage occurred from the 
centra! end. The subclavian vein had apparently been destroyed. The first part 
of the subclavian artery was tied. The clamp was removed from the innominate 
artery. 

The patient died at the end of three hours as a result of shock and hemorrhage. 

Case 80” (surgeon, Makins, ). — ^The patient was wounded by a piece of 

shell which passed through the anterior border of the right trapezius muscle. 
There was marked hemorrhage at the time of the injury. Fourteen days later, 
there was a large subcutaneous swelling in the right side of the neck. This 
improved, and on the seventieth day operation was done. 

An incision was made along the sternomastoid and along the clavicle. The 
sternomastoid was divided. The sac arose from the first portion of the sub- 
clavian artery and vein, and extended upward to the fourth cervical vertebra. The 
carotid and innominate arteries were exposed, and, owing to the injury to the first 
portion of the subclavian, a ligature was passed around the innominate and the 
third portion of the subclavian. The sac was dissected; during this process, it 
was opened by mistake. The innominate ligature was immediately tightened. The 
sac was found, dissected out and ligated off at its connection with the artery and 
the vein. The patient lost a considerable amount of' blood. The wound was dosed. 

After operation, saline infusion improved the condition markedly. On the 
^cond day, there was a paralysis of the left arm, which disappeared on the fourth. 

he stitches were removed on the eighth day. From the seventh to twelfth days 
there was discharge from the wound, which suggested an injury to the right 
lymphatic duct. The patient made an excellent recovery. 


76. Makins, G. H. : Gunshot Injuries to the Blood Vessels New 
V''ood & Company, 1919, p. 181. 

77. Makins (footnote 76, p. 184), 


York, William 
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_ Case 81 ” (surgeon, Sauerbruch, ).— During the war, a small injury of the 

innominate artery was sutured by Sauerbruch, The patient died from suppurative 
mediastinitis five days later. 

Case 82" (surgeon, Halstcd, 1918).— A colored man, aged 45, was admitted to 
the hospital on Jan. 28, 1918, with an aneurysm of the right common carotid 
artery of three years duration. Pain w'as felt in the right sternoclavicular region. 
He had difficulty in swallowing. The right pupil was small, and there was slight 
ptosis. Behind the clavicle was found a tumor, 6.5 by 4.5 cm. The heart was 
normal. 

On January 28, the innominate artery was ligated. The clavicle, part of the 
sternum and part of the first rib were resected. 

The pulse was noted at the wrist in the afternoon of the operation, becoming 
countable at 8 p. in. A definite pulse was felt in the carotid and in the aneurysm, 
also in the wrist and the temporal arterj', the day after operation. The blood 
pressure in the left arm was 122 systolic and 75 diastolic, and in the right arm 
90 systolic and 67 diastolic. Ten days after operation, no pulse was felt in the 
aneurysm or the carotid; a good pulse was felt at the wrist. When the patient 
was discharged, the aneurysm was pulseless; the right pupil was small, and there 
was ptosis. A good pulse was felt at the wrist and in the temple. Ho cerebral 
disturbances or trophic or sensory changes were noted. On March 25, the patient 
returned to the hospital with a pulsation and an increase in the size of the 
tumor. The carotid artery was pulseless, but felt like a cord. The pulse in the 
radial and temporal was still felt. The blood pressure in the left arm was 105 
systolic and 65 diastolic, and in the right arm, 83 systolic and 70 diastolic. On 
April 9, the common carotid was ligated with a band and ligature. The common 
carotid was small, thick-t\'alled and contained no pulse, yet at the conclusion 
of the operation no pulse could be felt in the aneurysm. There was no return of 
pulsation in the aneurysm after this. On April 28, the patient was well. On 
May 6, the aneurysm was 5 cm. in diameter, and pulseless. The patient was last 
heard of on May 15, 1922, by letter. He works hard and shows no evidence of 
aneurysm. The aneurj'sm has disappeared, except for a small cord the size of the 
little finger. 

Case 83" (surgeon, M. Reid, 1918). — A white man, aged 45, with aneurysm of 
the innominate artery of two years’ duration was admitted to the hospital on June 
■6, 1918. Severe pain was felt in the hand and occiput for two years before the 
swelling appeared. Ten months before admission, he had had the carotid and sub- 
clavian tied distal to the aneurysm, but with no relief. The pupils were equal. 
An aneurysm was eroding through the sternoclavicular articulation. 

On June IS, an attempt was made to ligate the innominate artery for the 
aneurysm. The patient died before the ligature could be placed. Death was 
apparently due to pulling on the arch of the aorta. The innominate artery at its 
junction with the aorta was bigger than the aorta and was very sclerotic. 

Case 84'” (surgeon, Halsted, 1918). — The patient had received a bullet wound 
in the right side of the neck above the sternoclavicular joint on Sept. 12, 1918. 
He walked one mile. Immediate swelling of the neck and hoarseness of tlie voice 
occurred, and there was hemoptysis for three days. He entered the base hospital 
on September 16, with a stiff neck, difficulty in swallowing and a weak and low 
voice. There was diffuse ecchymosis. Slight pain was felt. 

78. ICrampf ; Beitrage zur Gefaschirurgie, Deutsche Ztschr. f. Chir. 199:152, 
1926. 

79. Halsted, W. B. : False Aneurysm of the Innominate Artery, Surg. Gjmec. 
Obst. 30:529, 1920. 
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Operation ^vas performed on September 26. The patient was asphyxiated at 
the time he entered the operating room. An incision was hurriedly made over the 
most prominent part. There was a violent hemorrhage. The index finger inserte 
in the wound found the opening on the superior surface of the innomin^e artery. 
Clots were evacuated. The hemorrhage rvas controlled by a finger. The inner 
part of the clavicle and the upper part of the sternum were resected. The opening 
in the vessel was sutured with no. 0 chromic catgut. 

The patient rvas up and around on November 10. He made gradual improvement. 

Case 85“ (surgeon, C. A. Ballance, 1918).— A white woman, aged 60, was 
admitted to the hospital in December, 1918, with a pulsating tumor the size of an 
orange in the right side of the low'er part of the neck, above the sternum and 
clavicle, extending to the superior mediastinum. Roentgen examination showed a 
normal aorta. The right arm, the carotid and the temporal pulses were weaker 
than the left. 

On December 31, an incision was made in the midline of the manubrium meet- 
ing a transverse incision. Both flaps were dissected upward. The wall of the 
aneurysm was found to be weak. The left sternomastoid and the left upper half 
of the manubrium were cut ; the sternoclavicular joint and the first costal cartilage 
were removed. The left innominate vein was exposed, and the origin of the 
innominate artery was found. It was ligated with two strands of kangaroo tendon 
without rupturing the coats, and tied with a heavy stay knot. The wound was 
closed in layers. 

After operation, there was primary union. The right arm was cold and useless 
at first with no pulse and slight motion in the fingers. There was slight improve- 
ment at the end of six weeks, but no pulse. The aneurysm became small and solid. 
In January, 1921, two years after operation, dyspnea and palpitation were present. 
A small, hard mass could be felt behind the clavicle. There was no aneurysm. 
The right arm had recovered its usefulness. The right pulse was equal to the left. 
The patient was admitted to the hospital on December 12, with a cardiovascular 
breakdown, and died on June 6, 1922, with a large infarct of the lung. 

Autopsy showed the aneurysm gone and the artery obstructed. A fibrous 
mass was left attached to the distal part of the artery. 


Case 86" (surgeon, Juckelson, 1919). — ^The patient, aged 30, had been injured 
in the outer margin of the left side of the neck with a dull instrument some time 
before admission. On examination, a pulsating mass was seen near the midline, 
adherent to the clavicle. There was ptosis on the left, A diagnosis was made 
of aneurysm, either of the carotid or of the subclavian artery on the left. 

On April 14,1919, an incision 18 cm. long was made along the right sternoraas- 
toid muscle. The aneurysm burst. The bleeding was stopped with the finger. The 
inner end of the clavicle and of the sternum were removed. The source of the 
bleeding was traced down to the artery and the first part of the common carotid was 
found to be involved. There was considerable fibrosis of the tissues. The innominate 
artery was ligated twice, 1.S cm. apart. The finger was removed, but bleeding 
continued from the distal side. The common carotid and the subclavian were also 
ligated. The sac consisted of two parts. The one projecting to the left side and 
filled with clot did not pulsate. Part of the sac was removed, but it was necessary 
to stop, and the remainder was packed. Removal of pressure on the trachea 
improved the patient’s breathing. 


Ligation of the Innominate Artery, Zentralbl. f. Chir. 
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Tlic postoperative course was uneventful. Tlie wound healed wliere it was 
sutured e.xcellently. Except for a left-sided headache, there were no brain symp- 
toms. Slight paleness of the right arm was noted. The radial pulse did not 
return. The patient was discharged two weeks after operation with a granulating 
wound. Five years and eight months after this he was in good health, and did 
not have an aneurysm. 

Cask 87" (surgeon, Ilcrtzlcr, 1922).— The patient was injured on Dec. 25, 
1921, by a gunshot wound from the top of the sternum to the right shoulder. The 
bullet was removed from the right shoulder. Immediate paralysis of the right 
arm developed. The pulsating mass appeared in the right supraclavicular fossa. 
The mass was tlie size of an orange. A diagnosis of aneurysm of the right sub- 
clavian artery was made. 

On Nov. 24, 1922, with the patient under ether, an incision was made along the 
right clavicle. The sternomastoid was resected. A large sac was found extending 
to within 1 cm. of the innominate. The innominate was ligated with double linen 
thread, just below the bifurcation. The wound was closed with an iodoform gauze 
drain. The patient was discharged one month later, after uneventful recovery. 
There was no pulsation in the aneurysm ; no pulse was felt in the right arm. 
The paralysis was better. Ten days later, pulsation returned in the sac. On Jan. 
13, 1923, with the patient under local anesthesia, the vertebral and common carotid 
were ligated. Pulsation did not cease entirely. Recovery was uneventful. On June 
16, an aneurysm the size of an egg was still present and pulsating. Pulsations 
were present in the right radial and ulna. 

Case 88"' (surgeon, Holman, 1922). — A white man, aged 25, on Oct. 22, 1922, 
sustained a pistol shot in the right clavicular region. A profuse hemorrhage was 
easily controlled by slight pressure. Several days later, he noticed a small tumor 
about 2 cm. above the small healing wound. It progressed slowly for five weeks, 
and rapidly after that. After the accident, he noticed violent beating of the heart 
when he made the slightest effort. He was admitted to the hospital on November 
29, with a large pulsating swelling extending from the midline to the anterior 
border of the trapezius. There was a small scar at the site of the wound. The 
bullet was near the apex of the left lung. Thrill and murmur were continuous. 
Deep pressure above the center of the clavicle caused both to disappear and caused 
a temporary slowing of the pulse. Release of pressure caused a momentary rapid 
beating of the heart. The blood pressure in the left arm was 108 systolic and 62 
diastolic. After compression, it rose to 114 and then fell to 108. On release of 
pressure it fell to 102 and recovered immediately to 108. On release of 
the pressure, the diastolic pressure fell to 48, recovering within a few seconds to 62. 
The blood pressure in the right arm was consistently from 4 to 8 mm. less than in 
the left. The superficial veins of the forearm were more prominent on the right 
than on the left. There was no cardiac enlargement. A diagnosis of varicose 
aneurysm of the subclavian vessels with a small eommunication was made. Opera- 
tion was planned to expose the subclavian vessels and to ligate with quadruple 
ligature. 

In December, 1922, along the clavicle to the sternum, a horizontal incision was 
made which bisected a median vertieal incision. Two thirds of the clavicle was 

81. Hertzler, A. E. : Traumatic Aneurj'sm of the First Part of the Subclavian 
Artery, S. Clin. N. Amer. 3:1507, 1923. 

82. Holman, E. : Surgery of the Large Arteries with Report of a Case of Liga- 
tion of the Innominate Artery for Varicose Aneurysm of the Subclavian Vessels. 
Ann. Surg. 85:173, 1927. 
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resected, and the clavicle was slightly eroded. When the clavicle was removed t le 
aneurysm burst, sending out a flow of arterial and venous blood under great 
pressure. This was stopped by pressure with the thumb, and the clavicle and 
sternum were resected. The innominate artery was e-^posed and a tape ligature 
was placed around it with a small length of rubber tubing to prevent crushing the 
wail. The common carotid was exposed and occluded in a similar manner. The 
pulsation of the swelling ceased, and the operation could be continued. Rows of 
silk sutures closed the sac. The carotid ligature was released with bleeding. 
The innominate ligature was released with return of pulsation and bleeding. 
Therefore permanent tape ligature occluding the innominate artery, but not crush- 
ing it, was applied. The wound was closed without drainage. The patient was in 
a poor condition. 

The subclavian vein was probably included in the deep sutures, which explained 
the cessation of thrill and bruit. Marked pallor and absence of perspiration on 
the right side of the face were noted immediately after operation. Right radial 
paralysis returned eight hours after operation. There was some numbness of the 
right arm and hand, which disappeared in forty-eight hours. Four days after 
operation, the neck was normal in size, and there was no pulsation. Thirteen and 
twenty days after operation, a small opening along the line of incision was made 
to evacuate old fluid blood. At discharge, a good pulse could be felt at the wrist, 
and the right carotid and temporal vessels felt full and firm. The veins in the 
left arm collapsed 4 degrees above horizontal, and in the right arm 20 degrees 
above horizontal. This was interpreted as indicating that the subclavian vein had 
been occluded at operation. The blood pressure in the right arm was 76 systolic 
and 74 diastolic, and in the left arm 120 systolic and 76 diastolic. One year after 
operation the right arm was still weaker than the left but was gradually improving. 
There was no perspiration on the right side of the face. The right side of the 
face and the right arm were colder in cold weather. Slight enophthalmos was 
present. The pupils were equal. The neck was normal. The right carotid and the 
radial pulse were weak and slightly retarded. There was no atrophy. The blood 
pressure in the left arm was 118 systolic and 92 diastolic, and in the right arm 90 
systolic and 70 diastolic. 


Case 89 (surgeon, Greenough, 1924). — This case was reported in full in the 
beginning of this article. 

Case 90 (surgeon, Sauerbruch, 1925). — On Jan. 19, 1925, operation \vas per- 
formed on a partly calcified tumor reaching into the upper thoracic aperture. The 
inferior and superior thyroid arteries were ligated. In dissecting the lower pole, 
a severe arterial hemorrhage occurred. The vessel was inaccessible, so com- 
pression controlled the hemorrhage. Part of the manubrium was resected, and 
the bleeding was found to come from a short thyroidea ima springing from the 
innominate just before bifurcation. Rubber clamps were applied to the innominate. 
With fine button silk sutures, a longitudinal suture 1 cm. long was made of the 
contused part of the innominate, including the origin of the thyroidea ima. When 
the clamps were removed there was no hemorrhage, although the artery was some- 
what narrowed. The operation proceeded; the wound was closed in the usual 
manner. The postoperative course was uneventful. 


Case 91“ (surgeon, E. R. Flint, 1927).— A 
wound at the base of the right side of the neck 


white man, aged 37, had a bullet 
nine years before admission to the 


83. Flint, E. R. : Ligature of the Innominate Artery for 
Bnt. il. J. 1:979, 1928. 


Innominate 


Aneurysm, 
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hospital After the wound healed two swellings were left, and Ihc vorce remained 
liusky; there were frequent attacks of pain in the neck, headache and vomiting. 
There had been transitory loss of vision in the right eye two years before. Two 
weeks before admission the swelling over the manubrium iiad increased rapidly 
with an increase in pain and difficulty in swallowing; the right pupil had become 
smaller than the left. In the right radial and carotid arteries there was only 
weak pulsation. There was paralysis of the recurrent nerve. 

On Jan. 24, 1927, the manubrium sterni was removed after the sac had been care- 
fully dissected off. The ancur 3 ’sm of the innominate was found at the bifurcation. 
There was inch of normal artery prox-imal to this. A ligature of no. 2 chromic 
catgut was passed and tied sufficiently tight to approximate the walls. The recent 
symptoms had probably been due to a leak which was found in the upper right 
side of the sac. The clot was turned out. There was I'igorous bleeding from the 
subclavian artery. The inner side of the sac was sutured at this point and the 
hemorrhage stopped. The sac was packed, as it was impossible to remove or 
obliterate it. 

The wound took some weeks to heal owing to the packing. The right arm 
was useless at first, but later improved and was stronger; it remained pulseless. 
At the cud of si.x months, the patient was well. There has been no recurrence of 
aneurysm. The patient still had a husky voice and vision was limited to the 
central area. 

SUMMARY 

A case of successful ligation of the innominate, carotid and sub- 
clavian arteries is reported. 

Ninety-one cases of operation on the innominate artery, 75 per cent 
of which tverc ligation, are collected from the literature and summarized. 

The total mortality' after ligation is 56 per cent. 

The mortality in the last 25 cases is 16 per cent. 

Sufficient exposure by bone resection is advisable in operations on 
the innominate artery. 

The innominate should be ligated with strong material applied w'ith 
a force between 3 and 10 pounds (1.4 and 4.5 Kg.), and a stay knot 
used and the artery severed. 

The wound, if uninfected, should not be drained. 

If the operation is for aneurysm, distal as well as proximal ligation 
should be done and the sac extirpated or destroyed. 

It is more advisable to ligate the subclavian artery than the carotid. 

Ligation of the right innominate vein should benefit the circulation 
in the brain and the upper extremity. 

The operation is justifiable, and if contemplated should be done 
early. 
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ABSTRACT OF DISCUSSION 

Dk. John Au:xAXtiKri, .Ann Arbor, Alich. ; A j'car ago I had occasion to 
perform decompression on the superior mediastinal organs for suffocation from a 
slowly dissecting ruptured aneurysm of the aortic arch. Good, strictly extra- 
pleural exposure of the arch of the aorta, the innominate artery and vein was 
obtained under local anesthesia after resecting the second right costal cartilage 
and anterior end of the second rib, the lower part of the first costal cartilage and 
the upper part of the second, and the right half of tlic manubrium; the internal 
mammary vessels were ligated and divided, and the pleura rolled laterally and 
posteriorly. An innominate artery that was normal at its origin might have been 
ligated without great difficulty. Another operation on the right superior mediasti- 
num also demonstrated the usefulness and relative simplicity of this approach. 

Dr. Emilp. Holmax, San Francisco: If you are encouraged by Dr. Greenough’s 
interesting presentation to ligate the innominate artery, I think that you u'oiild be 
wise to ligate the innominate vein also. 

I recently operated on a patient with a subclavian aneurysm. The subclavian, 
the carotid and the axillary arteries were ligated distal to the aneurysm, and I 
also ligated the innominate vein. Gangrene was averted, I feel, by the ligation of 
the vein. In case you arc prompted to proceed with multiple ligations, I think 
that the innominate vein should be ligated also. It is not quite clear as to whether 
Dr. Greenough ligated the carotid and subclavian distal to the aneurysm or 
proximal to it. 

Dr. Jamps Greenough ; The arteries were ligated distal to the aneurysm. 

The subclavian approach from behind is, of course, simple in the operation of 
thoracoplasty of the first rib, but one is doing a great deal of operating for 
another purpose. I think that if one is going to ligate only the subclavian or the 
innominate, the anterior approach would be easier. 

The anatomy of the origin of the innominate, and of the bifurcation varies 
considerably, and I think that this variation determines the question of whether 
the thorax has to be entered or not. 



OPERATIONS AND DEMONSTRATIONS OF CASES 
IN BARNES HOSPITAL 


1. THORACOPLASTY AND PHRENICECTOMY 

EVARTS A. GRAHAM, M.D. 

AND 

DUFF S. ALLEN, M.D. 

ST. LODIS 

Case l.—Phrcniccclomy for Bronchiectasis of the Left Loxvcr Lobe by 
Dr. Graham. 

A woiTtaD, aged 28, was admitted to the hospital on Nov. 13, 1928. Her chief 
complaint was bloody expectoration of fifteen months’ duration, most marked during 
the three weeks previous to admission. She had always been weak and susceptible 
to colds. She had whooping cough at the age of 5 years and mumps at the age of 
12. Her menstrual history was negative. She had been married for eight years, 
hut there had been no pregnancies. 

The onset of the present illness occurred at the age of 13, when the patient 
suffered from a cold which was associated with a purulent discharge from both 
ears. Her cough was then productive of grayish-white sputum. She was able 
to be up and about, however, and it was not until the age of 16 that she contracted 
what was considered to be typical pneumonia of the left tower lobe. Shortly after 
her recovery from this condition she had her tonsils and adenoids removed and 
from this time on she was no longer troubled with earache or discharging ears. Her 
cough disappeared and did not return until she suffered from another attack of 
pneumonia at the age of 18. The pneumonia also apparently cleared up and she 
was well until the age of 21 when the cough ajid expectoration returned as before. 
Since then she has been gradually losing weight. During the fifteen months pre- 
vious to her admission to Barnes Hospital she coughed up blood in amounts up to 
a cupful. 

On admission, the blood count showed a slight secondary anemia, and a leuko- 
cytosis of 13,000. The differentia! count was normal; the sputum showed no 
tubercle bacilli. The Wasserraann and Kahn tests of the blood were negative, 
Bhysical signs and roentgen e.xamination indicated a lesion in the left lower lobe 
considered to be bronchiectasis (fig. 1). Because of an alarming hemorrhage, 
bronchoscopy rvas not performed and patient received pneumothora.v treatment on 
the left side. She is still receiving this treatment and has undoubtedly improved. 

She was readmitted to the hospital on April 24, 1929, because it was thought 
that a phrenicectoroy might improve her condition further by elevating the lower 
lobe and thus making the dilated bronchi more horizontal and less dependent. This 
operation was performed on April 25. With the patient under procaine hydro- 
chloride infiltration anesthesia an incision was made parallel to and about one-half 
inch (1.27 cm.) above the left clavicle. The sternockidoroastoid muscle was split 
in the direction of its fibers immediately over the scalenus anticus muscle. The 
phrenic nerve was found in its normal position on the anterior border of the latter 
muscle The nerve for a distance of about 12 inches (30.4 cm.) was twisted out of 
Its bed. A Uttlc mtrous oxide was given to the patient while the nerve was being 
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The patient’s diapliragm was observed to be paralyzed on the following day, and 
since then it has risen further. Pneumothorax treatment is being continued, and 
she has undoubtedly improved appreciably. It has been thought advisable to treat 
the nasal sinuses, but in this instance it was felt that the other procedures noted 
could perhaps be performed first with advantage. 

Case 2. — First Stage Extrapleural Thoracoplasty for Tuberculosis, by Dr. 
Graham. 

A woman, aged 39, was admitted to Barnes Hospital on July 5, 1928. Her 
chief complaints were productive cough, weakness and vomiting. 



Fig. 1. — Bronchiectasis of the left lower lobe demonstrated by injection of 
iodized oil. The oil seen in the extreme lower portion of the left side is in the 
stomach and not in the lung. 


At the age of IS the patient suffered from pain in the left side of the chest 
but it was not untd 1922 that she had what has been described as an attack 
of influenza. She then began to suffer from elevation of temperature. Tubercle 
bacilli were found in the sputum at that time. Since then she has also had 
frequent attacks of pain in the left side of the chest, productive cough and fever, 
and has been losing weight. She has had hemorrhages on several occasions and 
of late some vomiting. 

On admission, the leukocyte count was 18,600; physical signs verified the diag- 
nosis of left-sided chronic pulmonary tuberculosis with cavitation (fig. 2). She was 
discharged from the hospital on July 17, 1928, and was readmitted on September 28. 
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Her condition on this occasion did not show any obvious improvement and it was 
thought advisable to start pneumothorax treatment. The sputum was negaUve. 
The Erst pneumothorax treatment was given on October 2 , and this form of treat- 
ment was continued at intervals but not with any marked improvement since there 
were several adhesions extending from the midportion of the lung to the wall of 

the chest. , , 

Cauterization of the pulmonary adhesions through a thoracoscope was theretore 

attempted on October 29, but this was only partially successful since many of the 
adhesions were broad and of the type that is best left alone. This procedure was 
not followed by any particular discomfort and the patient was discharged on 
November 30. She was readmitted to the hospital on Feb. 27, 1929. 



Fig. 2. — Left unilateral pulmonary tuberculosis before operation. 


Twelve inches of the phrenic nerve on the left side were removed on March 2. 
This operation was followed by some rise of the diaphragm but it was obvious 
that a thoracoplasty was indicated It was performed in two stages : the first one 
on April 25 when portions of four lower ribs from the transverse process to the 
midaxillary line were removed. The patient stood this operation well but not until 
May 8 were the remaining nbs, including the first, removed. The postoperative 
course was satisfactory. Suppurative otitis media developed, but this was apparently 
not of a tuberculous nature. She was discharged on June 16, much improved 
(figs. 3 and 4). At her most recent admission on September 29, the following notes 
have been made: The patient feels well and looks well. She has gained in strength 
IS able to do light work and no longer has gastro-intestinal discomfort. She is free 
from cough and expectoration and is up and about. 
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Cask 3.— Thoracoplasty for Chronic Suppurative Empyema, by Dr. Graham. 

A man, aged 65, was admitted to Barnes Hospital on Feb. 6, 1929. He com- 
plained of pain in the left side of the chest, loss of weight (from 145 to 129 pounds), 
16 pounds (7.8 Kg.) in two month.s, and of weakness. He had pneumonia in 
1903, and questionable pleurisy in 1907. The present illness began on Dec. 1, 1928, 
when the patient was taken ill with a chill, pain in the left side of the chest and 
coughing. Fie was then considered to be suflfering from pneumonia. He was taken 
to a hospital, where he remained for eight weeks. His course in this hospital was 
not suggestive of a simple pneumonia and because of failure to improve he came 
to Barnes Hospital on Feb. 6, 1929, suffering from the foregoing complaints. 



Fig. 3. — The same case as figure 2 after the completion of the thoracoplasty. 
A thoroughly satisfactory collapse of the left side was obtained by the operation. 

The physical signs and roentgenograms showed a left-sided encysted empyema 
(figs. 5 and 6). The patient’s prostate was slightly suggestive of a malignant 
condition. No tubercle bacilli could be demonstrated in his sputum. On February 
12, a portion of the fifth left rib was resected between the posterior and anterior 
lines. About 250 cc. of thick, odorless pus escaped. There were also several large 
masses of fibrin. The parietal pleura was not so much thickened as would be 
expected in an ordinary empyema. A piece of the pleura was removed for micro- 
scopic examination and was subsequently reported as chronic inflammatory tissue. 
Two large tubes were inserted for drainage. Into each was passed a Dakin tube 
for irrigating purposes. The postoperative course was fairly satisfactory, but the 
cavity never became completely obliterated. 
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Because of the persistence of a small cavity and_ some bronchial fistulas the 
patient was again operated on on April 25. The inc.smn was 
old sinus. The old empyema cavity was found to extend backward and both upwa d 
and downward along the vertebral gutter. Two more ribs and thickened parietal 
pleura were resected in order to take off part of the roof of the cavity. It was not 
certain whether the foregoing procedure would suffice, but it was thought unwise 
to prolong the operation any longer because of the patient’s advanced age. A 
piece of pleura was again removed for e.xamination and showed nothing but chronic 
inflammation. The postoperative course was satisfactory and the patient would 
have been discharged much earlier than June 25, had it not been for the fact that 
he was suffering from a frequency of urination due to prostatic hypertrophy. 



Fig. 4. — The same patient showing healed incisions. Sometimes we perform 
both stages of a thoracoplasty through the same incision. For the second stage 
the first incision is reopened. Lately, however, we have been employing two 
incisions as sliown in the illustration. These have been retouched on the photo- 
graph to make them more visible. 


It is to be noted that an injection of iodized oil demonstrated the presence of a 
left-sided bronchiectasis of the saccular type so that the possibility that one of these 
sacculations had broken into the pleura could not be excluded. 

The patient’s wound healed solidly, and in September he reported that he had 
no symptoms attributable to bis old empyema. 

Case 4.— -Thoracoplasty jar Tuhctculous Empyema, by Dr. Allen. 

A man, aged 48, was admitted to Barnes Hospital on April ^4 1979 The 
onset of the present illness uas somewhat indefinite. In February lO^s he com 
plained of night sueats and fever but did not suffer from cough or hemoptysis He 
tlieii entered die City Hospital only to be transferred to Koch Hosnital where h 
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tuberculosis of the right lung. He began to suffer from pain in the right side of 
the chest which necessitated a resection of the ribs in September, 1928, when a 
diagnosis of right-sided empyema was made. He returned to the City Hospital in 
February, 1929, because of cough, expectoration and discharging sinuses of the 
chest. The sinuses, however, were troubling him more than the cough and expec- 
toration. A thoracoplasty was performed in several stages; the first at the City 
Hospital, the second on April 25, and the last stage on June 8. The intervals 
between the various stages were long because the postoperative course in every 
instance was rather stormy. 

The patient is continuing his rest cure at the present time. He feels much 
improved and is no longer troubled with discharging sinuses. 



2. CLINIC DEMONSTKATIONS 


JACOB J. SINGER, .M.D. 

AND 

hvahts a. .ud. 

ST. LOUIS 

It is our desire to jirescnt a series of cases wliicli illustrate not onl}’ 
certain interesting' conditions but also certain details of our methods of 
handling such cases here. \Vc also wish to emphasize the importance 
of an approach to all cases of chest conditions according to a plan of 
cooperation between tlie medical and surgical services. For nearly ten 
years we have been associated in the organization and development of 
a chest service for this group of hospitals. We meet almost clail}- and 
discuss patients ^vlio mat" jjossibh" ha^-e ant’ surgical conditions of the 
chest. 1 he mutual cooperation of those with a medical and those with 
a surgical point of view on many of these cases is most helpful. In any 
large general hospital there are many patients who too often remain 
in the medical wards and are not given the benefit of the possibility of 
surgical help. The organization of a chest service for diagnosis and 
discussion of this group of patients will do much to increase the amount 
and improve the quality of thoracic surgery at that institution. 

AliSCESS OF THE LUNG 

The first gi'otrp of cases which we shah present is a series of 
abscesses of the lung. "We have recentl}’ noted a sharp decline in the 
number of such cases and also of bronchiectasis. It is interesting to 
note on inquir)’ that many others have also made this observation. 
Whether the warnings of this association of the dangers of tonsillectomy 
performed under general anesthesia are responsible for this decline, we 
do not know, ProhabI)’ other factors are operating, such as no repeti- 
tions of any epidemic of respirator}’ disease corresponding to the influ- 
enza epidemics of 1917 and 191S. 

We have consistently attempted to treat our patients in a conservative 
way, waiting for several weeks before employing any surgical procedure. 
We, like others, have found that many abscesses, although very large, 
will heal in time merely by the use of postural drainage. 

The abscesses in many patients who seem suitable subjects for 
bronchoscopic drainage, according to the report of our leading bronchos- 
copists, have been healed in a few weeks without it. For this reason 
we are probably more conservative in our opinion of, and perhaps even 
more skeptical about, the therapeutic value of the bronchoscope in this 
type of case than are many others. As a matter of fact, in our experi- 
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cnce the type of case which responds most readily to bronchoscopy is 
the same as that which also responds best to postural drainage oi to 
methods of collapse. 

In almost no case do we resort to surgical measures until after trial 
of the comparatively simple methods of postural drainage alone or of 
that combined with pneumothorax when the latter is possible. We also 
agree with Miller and Lambert and others that it is very dangerous to 
induce surgical drainage during the acute stage of a pulmonary abscess 
at a time when it is necessary to traverse a large zone of edematous lung 
tissue in order to reach the abscess. 

Case \.~Aailc Abscess of the Lung Treated 'Milh Postural Drainage. 

G. C., a man, aged 49, was admitted to the hospital on June 7, 1927, complaining 
of chilis, fever, cough, mucopurulent expectoration and general malaise. The 
onset of symptoms was six days after a tonsillectomy, three weeks previous to 
his admission to the hospital. Physical and roentgen examinations revealed the 
presence of an annular cavity about 5 cm. in diameter in the region of the hilum 
of the right lung. This cavity showed a fluid level which shifted with change 
of position. The patient’s sputum contained many spirochetes. 

Treatment consisted only of postural drainage and si.x intravenous injections 
of neoarsphenamine at weekly intervals. Improvement was gradual but definite. 
After two months the shadow at the site of the abscess had almost entirely disap- 
peared, and the patient has been entirely free from all symptoms since then, nearly 
two years (figs. 1 and 2). 

This case illustrates in a striking manner the healing after simple 
treatment of a large acute abscess of a kind which is usually subjected 
to more formidable measures, such as surgical drainage, pneumothorax 
or even bronchoscopic drainage. 

Surgical drainage is instituted only after a trial of various medical 
means including bronchoscopy, pneumothorax, postural drainage and 
intravenous medication of arsenic in the cases of spirochetal infection. 
We usually wait from five to six weeks in acute cases before considering 
surgical drainage, and we wait even longer if the progress with more 
conservative measures seems satisfactory. In the chronic cases the loca- 
tion of the abscess, the presence of adhesions and the general condition 
of the patient determine our course. As a result of the more extensive 
use of conservative measures in the treatment of acute pulmonary 
abscess during the last five years we now operate much less often in 
such cases than formerly. 

In spite of all methods of treatment, however, some cases become 
dironic and refractory. The following case is illustrative of the type 
m winch we think the operation of cautery pneumectomy is indicated 
i robably no other method known at present would have been so safe 
and at the same time so effective in ridding this patient of multiple 
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into two (iifTcrcnt empyema cavities. The operation consisted in the removal of 
tlie roof of various cavities hy the actual cautery, thus converting several small, 
improperly drained cavities into a .single large one which could thereby be drained 
properly. The operation was terminated at this point. 

On July 16, 1927, some lemainiiig pus pockets in the lung were cauterized. 
The entire disca.sed area had now apparently been converted into a single large 
cavity. Recovery was rapid and the wound healed save for a small sinus which 
would not admit the tip of the finger. The patient was discharged from the 
hospital on August 20, and was rcadinilied on Septemher 26, because the sinus 
had failed to close. She still had a slight cough and slight mucopurulent expec- 
toration. On Jan. 30, 192S, a cautery was plunged into the lung along the old 
fistulous tract and ,a multilocular cavity which contained 30 cc: of foul smelling 



Fig. 3. — The condition of bronchiectasis and multiple abscesses of the lung 
found in case 3 before cautery pneumectomy. The patient has now been com- 
pletely well for a year and a half. 


pus was entered. The roof of this cavity was removed with the cautery and it 
was tightly packed with gauze. 

The postoperative course was uneventful. The patient is now shown to you, 
completely well. The wound is solidly healed and there are no symptoms. 

Like case 2, we believe that in this case also the operation of cautery 
pneumectomy offered this patient the best chance of a complete recovery 
with at the same time the lowest risk. Simple drainage could not have 
been effectively carried out, collapse operations would have been likely 
to block whatever drainage already existed and thereby be dangerous, 
and ordinary lobectomy would have been both difficult and hazardous. 
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Unfortunately, in some cases after the operation of cautery pneu- 
mectomy a permanent bronchial fistula remains. The next case illus- 
trates this condition. Ordinarily we do not attempt to close such a 
fistula until after at least two 3 ^ears have elapsed, because it often acts 
as a safety toIvc for residual infection of the lung. 

4. Cautery Piieumcctomy for Subacute Abscess of the Lung tvith 

fistula. 

M. A., a white woman, aged 43, was admitted to Barnes Hospital on Aug, 
30, 1922. Two months previously to admission she had her tonsils removed and 
following this operation developed signs and symptoms suggestive of abscess of 
the lung. 

Physical and fluoroscopic e.xaminations indicated a localized lesion in the right 
lung near the hilum. Pneumothorax treatment was attempted but was discontin- 
ued because of adhesions. A two-stage cautery pneumectomy was performed. 
The patient was discharged from the hospital on December 23, with a discharging 
sinus. Her condition improved until December 28, when she contracted a cold 
and cough and sputum returned. She developed severe pain in the side on which 
the operation had been performed. 

She was readmitted to the hospital and on Jan. 18, 1923, further cauterization 
of the lung through the old incision was done. The patient was discharged from 
the hospital free from symptoms. A bronchial fistula which remained was par- 
tially closed by a plastic operation. Although she still has a bronchial fistula, she 
has been free from all symptoms for more than five years. 


The following case illustrates not only an extensive cautery pneu- 
mectomy. but also the closure of several bronchial fistulas which 
remained. The result has been most gratifying. One interesting feature 
is that the boy was only 5 years old at the time of the cautery operation. 


Case S . — Cautery Pucumcctomy for Chronic Abscess of the Lung and Bronchi- 
ectasis, 


D. B., a colored boy, now 1 1 years of age, was admitted to St. Louis Children’s 
Hospital on Sept. 6, 1923, complaining of severe cough and copious foul expecto- 
ration, In August, 1922, he contracted a right-sided pneumonia. A thoracostomy 
for empyema was performed at the City Hospital in September, 1922. The cavity 
was drained for seven weeks and then apparently healed. In March, 1923, the 
patient had an attack of measles which was followed by a persistent fever. Shortly 
after this an abscess situated in the region of the right scapula was said to have 
ruptured into the lung and the patient began to be troubled with cough and foul 
expectoration. 


On admission, physical signs combined with roentgen and fluoroscopic observa- 
tions localized the lesion to the right lung. The lesion extended downward both 
anteriorly and posteriorly from the fourth rib. 


On Sept. 8, 1923. with the patient under nitrous oxide anesthesia, a cautery 
pneumectomy was performed. The pleura was found to he adherent. The right 
lower lobe was indurated and nodular. Almost the entire lower lobe Was burned 
out with liie cautery. Six different abscess cavities were cauterized. The nost- 
operative course was uneventful. * 

One month following operation . the patient developed a bronchopneumonia 
nh.ch ran the usual course and from which he completely recovered He was 
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discliargcd on December 23. The wound was entirely healed except for the 
presence of several bronchial fistulas. These were closed by an extensive plastic 
operation four years later. The patient is now entirely free from symptoms 
(fig. 4). 

Casi; 6. — Cautery Pucuuiectoniy for Cliioitic Abscess of the Lung and Bronchi- 
ectasis. 

E. J. I-I., a wliite man, aged 28, was first admitlcd to Barnes Hospital on Nov. 
26, 1926, complaining of cough and mucopurulent expectoration. The onset of his 
illness apparently followed pneumonia at the age of 8 years. He also had another 
attack of right-sided pneumonia four months previous to his first admission. 



Fig. 4. — External appearance of healed wound in case 5. After cautery pneu- 
mectomy, the boy had a large cavity with many bronchial fistulas. A plastic 
operation was performed in two stages, the wound is now solidly healed and the 
boy is free from symptoms. At the time of this photograph some of the scar 
tissue had not yet become pigmented. 


From that time on his sputum was foul, occasionally blood-tinged, and he was 
also troubled by fever and occasional chills. 

Physical e.xamination suggested an abscess in the right lower lobe of his lung. 
A bronchoscopic examination performed by Dr. Arbuckle showed the right lower 
main bronchus to be constricted by what appeared to be a sort of web. This 
web was dilated and considerable pus escaped from the right lower lobe bronchus. 
Bronchoscopic treatment was continued at intervals. On March 2, 1927, a pneu- 
mothorax was attempted but proved unsuccessful because of pleural adhesions. 
Because of failure to improve under the aforementioned treatment a cautery 
pneumectomy was undertaken. 
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On March 9, 10 cm. of the seventh, eighth and ninth left nbs were resected. 
The lower lobe was found to be adherent, the upper lobe nonadherent. On March 
16, the left lobe was entered by the actual cautery. About 250 cc. of thick foul 
pus was obtained. The patient was discharged after the operation much unproved. 
Many bronchial fistulas were still present. Cough was practically negligible and 
the expectoration scanty. 

A right phrenicectomy was performed on Feb. 6, 1929, in an attempt to 
diminish the size of the anatomic defect. The diameter of the wound appeared 
to be appreciably reduced following this procedure, although complete obliteration 
of the cavity will require further plastic operations. The patient is entirely free 
from symptoms. 

BRONCHIECTASIS 

We are of the opinion that all cases of chronic pulmonary suppura- 
tion are associated with some degree of bronchiectasis. In some cases 
the bronchiectasis is the more conspicuous part of the clinical and path- 
ologic picture and in other cases the picture is chiefly that of chronic 
abscess of the lung. The next few cases which we are going to present 
will illustrate certain phases of bronchiectasis. 

In our routine handling of cases of bronchiectasis we emphasize par- 
ticularly the importance of the examination of the nasal sinuses in 
addition to the examination of the chest and of other parts of the body. 
There is no doubt in our minds that often the symptoms of bronchiec- 
tasis are made worse by chronic infection in the nasal sinuses. Con- 
versely, it has been a frequent observation that after proper treatment 
of bady infected nasal sinuses the amount of purulent sputum is very 
greatly diminished. This result is often so gratifying that a patient’s 
condition may be changed from an intolerable one into one of reasonable 
comfort merely by correcting chronic lesions of the nasal sinuses. Also 
it is needless to say. of course, that we feel that no examination in these 
cases is complete without the use of iodized oil. The method of using 
iodized oil, however, which we employ here is the very simple one 
devised by Dr. Singer which will be described separately at the close 
of this clinic. We also e.xamine the sputum carefully not only for 
tubercle bacilli, but also for spirochetal organisms, because we think that 
in certain cases the use of arsphenamine and similar arsenic compounds 
is of some benefit. We, however, have never seen any startlingly bene- 
ficial results in bronchiectasis following the use of arsenical compounds 
even when the sputum contained many spirochetes. It is, of course, 
very necessary that the sputum be carefully e.xamined for tubercle bacilli 
since bronchiectasis is a common result of chronic pulmonary tubercu- 
losis, especially bronchiectasis in the upper lobes. 

In regard to the treatment in those cases in which there are lar^e 
ddated bronchi, like the fingers of a glove, in an atelectatic lobe which is 
the sue of chronic suppurative pneumonia, we feel that no method that 
has yet been proposed is entirely satisfactory. After our e.xaminations 
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have been completed ^v'c usually hcf'm the treatment in such cases hy 
comparatively simple devices. For instance, we like to put such patients 
on postural drainage for a few day's, in order to insure them of fairly 
satisfactory drainage during that time and in order to relieve them of 
the fatigue which is sometimes incident to the repeated hard coughing 
which is necessary without the postural drainage, AVe sometimes use 
artificial pneumothorax when few or no adhesions are present and occa- 
sionally we have had very gratifying results. AA'^e do not feel that we 
can predict the presence of adhesions without introducing a needle into 
the jdeural space. I f good manometer readings are noted, air is intro- 
duced, and a thernjjeutic jmeumothorax is maintained for several months 
if the collapse is satisfactory. Phrcnicectomy has been of some value 
to us, especially if the diaphragm is mobile before the operation is per- 
formed, and particularly in cases of the lower lobe. AA^e think that one 
of the explanations of the henefit from phrcnicectomy is that a lower 
lobe may thereby’ be elevated and correspondingly' the dilated bronchi 
may' be brought into a more nearly' horizontal position which thereby 
promotes better drainage. AA'c do not think that the benefit from 
phrcnicectomy is to be ascribed entirely to compression. The operation 
of phrcnicectomy should not be undertaken lightly in our opinion in 
these cases because it sometimes interferes seriously with the e.xpulsion 
of pus by coughing, and it occasionally' results in the production of a 
severe supiDurative pneumonia. Our experience with thoracoplasty in 
the treatment of chronic pvogenic bronchiectasis has not been so satis- 
factory as the reported results of others. In many cases we have used 
the operation of cautery pneumectomy’, but we prefer to use this opera- 
tion in the cases in which the predominant lesion is a chronic abscess of 
the lung, cither single or multiple. 

Case 7 . — Bilateral Bronchicetasis and Nasal Sinusitis Treated ivitli PnctDiio- 
thora.r, Tonsillecloiny and Surgical Drainage of Nasal Sinuses. 

E. B., a boy, aged 11, was admitted to St. Louis Children’s Hospital on March 
11, 1924. In the summer of 1921, three years previous to his admission, he had 
an adenoidectomj'. In the fall of that year he became ill with high fever and a 
cough which was associated with copious expectoration of mucopus. This illness 
lasted several weeks. From that time until admission, he had numerous similar 
attacks which lasted from two weeks to two months. The patient’s mother said 
that frequently the hoy coughed up as much as a pint of sputum in a day. Between 
attacks he would be entirely free from symptoms. 

Phj'sical, roentgen and fluoroscopic examinations, on admission, indicated a 
bilateral bronchiectasis, more marked on the right, although positive proof was 
lacking because this patient w'as observed before our use of iodized oil. Pneumo- 
thorax treatment of the right lung was started. The refills varied from 275 to 
350 cc. of air. A good collapse was obtained. The patient was discharged on 
April 21, much improved both subjectively and objectively. Eight months later, 
the maxillary antrums were irrigated and tonsillectomy performed. Since then 
he has been free from symptoms. 
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This case illustrates a rather frequent combination of subacute nasal 
sinus infection vjith the symptoms of bronchiectasis. The sinuses in 
this case were treated by operation. The tonsils and adenoids were 
removed. The boy is now normal ; he is gaining weight and is^ free 
from cough and sputum. Even in some cases of advanced bronchiecta- 
sis the amount of cough and sputum is greatly reduced after the estab- 
lishment of effective drainage of chronically diseased nasal sinuses. 

Occasionally, simple surgical measures produce excellent results. 
Phrenicectomy in addition to postural drainage is effective in a certain 
type of case. We have found that the elevation of the diaphragm some- 
times changes the course of the bronchial tubes so that drainage by 
proper posture is very effective. 

Case 8. — Unilateral Bronchiectasis Treated u'itli Phrenicectomy and Postiiial 
Drainage. 

M. V. B., a white woman, aged 42, was admitted to Barnes Hospital on Feb. 
8, 1928, complaining of cough, sputum, pain in the chest and afternoon fever. 
The onset of her sj'mptoms dated back to 1925. At that time she had contracted 
pneumonia following a cesarean section which left her with a cough, copious 
expectoration and occasional hemoptysis. Rest in bed failed to clear up the con- 
dition, which was diagnosed pulmonary tuberculosis. 

After admission to Barnes Hospital her sputum on repeated examinations was 
found negative for tubercle bacilli. Physical examination suggested a partial 
obstruction of the left lower lobe bronchus. A diagnostic bronchoscopy and 
injection of iodized oil revealed the presence of bronchiectasis of the left lower 
lobe. Postural drainage was started but was followed by only moderate improve- 
ment. 

A left phrenicectomy was performed on February 23. The patient’s symptoms 
became less pronounced, and gradually disappeared. She is notv quite well. 


This case illustrates the foregoing remarks. The patient had fre- 
quent hemorrhages, sputum and fever. She was in a tuberculosis sana- 
torium as a bed patient for two years without any definite improvement. 
Since phrenicectomy, her cough has ceased, she has gained weight and 
she has had no hemorrhages. 

The patient in the following case was considered tuberculous for 
many years. Several months after the operation, he was able to do his 
work as a school janitor. He has had no recurrence of symptoms to 
this date. 


Case 9.~Cnntery Pncnmcctomy for Abscess of the Lung and Bronchiectasis. 

F-. H., a white man, aged 40, apparently enjoyed good health until September, 
1922, when he began to complain of lo.ss of appetite and soreness all over his 
chest. .A diagnosis of pulmonary tuberculosis was made, and he was given helio- 
ther.ipy. It is to be noted that even on this occasion the patient had a productive 
cough and foul mucopurulent sputum. Some time later, a diagnosis of abscess 
of the lung was made, and be was admitted to Barnes Hospital. 

Tl^ preoperative tliagnosis was abscess of the left lower lobe and bronchiecta- 
sis. On July 30. 1923, 4 inches of the seventh and eighth left ribs were resected 
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subperiostcally. The lung was seen fo glide hack and forth with respiration through 
the unopened pleura, and for that reason the pleura was not opened hut iodoform 
gauze was packed against it to produce adhesions. The left lower lobe felt firm 
and indurated. On .'\ugust 6, the pleura %vas found to he greatly thickened. The 
cautery was then plunged into the indurated portion of the lung, and a cavity 
containing 10 cc. of thick pus w.as found. The roof of the abscess cavity was 
burned out with the cautery. 

The postoperative course was imcvcntful. Cough and expectoration ceased 
after the operation and have not returned. The patient's wound healed completely. 


PULWOKARY TUBERCULOSIS 

It has been oiir practice to treat all patients with unilateral pulmonary 
tuberculosis on the expectant plan for several months. If the patient 
does not improve sufficicntl}' to warrant continuing' this plan, pneumo- 
thorax treatment is instituted. This treatment is continued a sufficient 
length of time before phrcnicectom}' is resorted to followed by thoraco- 
plasty. 

IVe feel that patients should be in good general condition and if 
possible be “fever-free.” Gain in weight is not sufficient evidence of 
good condition. A fixed mediastinum, particularly when it is drawn to 
the diseased side, is important. All patients should have pneumothorax 
if possible. 

We have had some excellent recoveries after thoracoplasty but a few 
cases have not been benefited. We have had occasional deaths following 
operations from pneumonia in the opposite lung and occasionally massive 
collapse of the lung occurred. We are somewhat more radical in the 
extent of ribs removed than others. Our unsatisfactory results have 
occurred in cases in whicJi we concluded that too small segments of ribs 
had been removed. 

The following cases demonstrate the value of thoracoplasty in tuber- 
culosis ; 


Casc 10. — Uuilatcrcjl Tjibcrcttlosis Treated ivith Phrcniccctomy and Thoraco- 
plasty. 

D. P., a man, aged 27, was admitted to Barnes Hospital on Sept. 27, 1927, with 
a diagnosis of pulmonarj' tuberculosis, referred hj'' the Missouri State Sanatorium. 
The onset of his illness dated back to 1919 when he developed a dry, nonpro- 
ductive cough which was shortly' followed by pulmonary hemorrhage. Frequent 
attacks of hemoptysis had been his chief outstanding complaint. He worked at 
intervals until September, 1925. During this period hemoptysis was frequent. 
He received pneumothorax treatment from September, 1925, until September, 
1927, at a tuberculosis hospital in Kansas City and at the Missouri State Sana- 
torium. On Oct. 13, 1927, a thoracotomy was performed and several adhesions 
of the upper lobe were cut. Pneumothorax treatment was then continued. The 
pleural effusion in the left pleural cavity’ which had developed after the thora- 
cotomy gradually resorbed. The patient was discharged on December 12. 

Since pneumolysis the patient has been entirely' free from cough, and he also 
has had no hemoptysis since pneumothorax treatment was started. He was read- 
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tioii wliicii formerlj- was almost uniformly fatal. Some cases of tuber- 
culous empyema, however, tax (he utmost ingenuity of the surgeon. The 
following case is an example of such. 

Cash \3.~Clirnnic Tuherciilnii.r Em/iycwa Treated with Thoracoplasty. 

R. L. P., a man, aged 21, in November, 1D18, had a severe attack of influenza. 
1 lirce wcck.s later lie was operated on at another hospital for a right-sided empy- 
ans Slid portions of two ribs were removed. On February 28, he was taken 
home on a stretcher and remained in bed until May 1, 1919. The tube came out 
in July', 1919, hut a sinus remained. In November, 1919, another rib was resected 
and .another tube was put in. This tube remained in until the latter part of 1920. 
His empyema cavity was then irrigated with some antiseptic solution and appar- 
ently closed. On Feb. ], 1921, the wound began to discharge once more and 
portions of three ribs were resected. The patient was again operated on in 
July, 1921. 

He was first admitted to Barnes Hospital on April 27, 1922. His wound was 
still draining and tube was still in place. Operation was performed on May 10. 
Several sinuses were found bene.ntb the skin and also beneath the muscles and 
the ribs. One of these communicated directly with a sinus high in the neck. The 
parietal pleura over the empyema c.avity which had a capacity of 100 cc. was 
markedly thickened. Tlie cavity extended upward and posteriorly and had a very 
narrow sinus opening into its ape.x. Large drain tubes containing Carrcll tubes 
were introduced into the various sinuses to try to obliterate the empyema cavity 
by conservative measures before undert.iking more radical procedures. On June 
3, 1922, it was found that all sinuses communicated. They were laid open widely. 
In order to do this it was necessary to sever some of the fibers of the trapezius 
and rhomboid muscles, as some of tbc sinuses were chiefly between these 
muscles and the wall of the chest. The granulation tissue which was e.xcised 
for microscopic examination showed miliary tubercles. On August IS, the entire 
cavity apparently measured only 25 cc. On Sept. 11, 1923, it was found that a 
ring of bone had formed around the entrance to t)ic main drainage traet and 
was perhaps partly responsible for the failure of the empyema cavity to heal. It 
was completely removed and it was then observed that only a long sinus tract 
which would hold about SO cc. remained. A flap of the pcctoralis major muscle 
was dropped into the tract, and a little pressure u-ith an ordinary' sea sponge was 
made on the skin flap. 

The patient was discharged much improved. His sinus discharged but little. 
He had gained in strength and weight. He reentered the hospital on Nov. 9, 
1927, after an interval of four years, complaining of some discharge from two 
sinuses in the right axillary region. On November 11, a portion of newly formed 
bone over the two discharging sinuses was removed, and it was then found that 
the cavity could be completely obliterated by pressure. The patient was discharged 
on November 23. One small sinus still remains. 

This patient had several operations elsewhere. It was found neces- 
sary to do a complete thoracoplasty and to open several sinuses before 
any good results were obtained. He has been working as a clerk in a 
railroad office for several years in spite of a small discharging sinus. 

Casu 14. — Unilatcra! Tuberculosis and Tubcrcidous Empyema Treated rriih 
Pneumolysis, Phrcnicectomy and Extrapleural Thoracoplasty. 
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A woman, aged 19, was admitted to Barnes Hospital on Jan. 24, 1928. For 
three and one-half years previous to admission, she had chronic productive cough, 
slight clevalton in temperature in the afternoons and loss of weight For tliree 
years she was a patient at the state sanatorium at Mount Vernon, Mo., during 
which time site received pneumothorax treatment with marked improvement. The 
treatment was therefore discontinued and the lung allowed to reexpand. After 
four months she had a recurrence of all her symptoms, and pneumothorax treat- 
ment was again started. 

Physical examination of the patient on her admission to Barnes Hospital 
revealed a tuberculous process in the right upper and middle lobes. Complete 
collapse by artificial pneumothora.x was found to be impossible because of adhe- 
sions. On Jan. 31, 1928, with the patient under gas anesthesia, a right pneumolysis 
was performed and one adhesion was severed by the cautery. At the time of 
the pneumolysis several tubercles were found on the pleura. Following this opera- 
tion, good collapse ivas obtained. The patient then developed clear fluid in her 
right pleural cavity. Repeated aspirations were necessary, and large amounts of 
fluid were withdrawn. Further attempts at puciimothorax proved unsuccessful. 
A right phrcnicectomy was done on April 3. A bulging of the pneumolysis 
incision then developed. This was found to be a tuberculous empyema necessita- 
tis, which was drained. '■ 

A right thoracoplasty was later done in two stages. The postoperative course 
was satisfactory. The patient was discharged on October IS, with the tuberculous 
process completely healed. All symptoms present on admission had been arrested 
(figs. S and 6). 

Cash 15. — Chronic Nontnbcrculous Eiitpycma Treated tvith Thoracoplasty. 

J. C. S., a white man, aged 39, was first admitted to Barnes Hospital on April 
5, 1920. His chief com[)laints on admission were those referable to a chronic 
left-sided empyema which had resulted from a bullet wound in 1908. The bullet 
had been removed but the wound continued to drain. Two years later (1910), 
portions of two ribs were resected to permit of freer drainage. After this pro- 
cedure, the patient improved suflicicntl.v to return to work. His wound did not 
heal entirely, but there was little discharge for the next two years. In 1912, the 
discharge became more profuse, and portions of more ribs were resected. The 
wound healed, except for one small sinus, and he was free from disturbing symp- 
toms from 1912 to 1920, 

Two months previous to admission to Barnes Hospital, he began to have pains 
in the left side of the chest and arm, which became so severe that he was unable 
to use his arm. On April 9, 1920, an incision was made just superior to the 
tunnel-like sinus. The newly formed ribs were found to be enormously thickened 
and fused. This large plaque of bone was removed and a shallow cavity uncov- 
ered which extended almost to the apex of the lung. A muscle flap was turned 
into the cavity after the lower 2 inches (5 cm.) of the scapula had been resected. 
The patient was discharged from the hospital on June 23, 1920. The empyema 
cavity and sinus had been obliterated, and the wound was entirely healed. 

The patient ^vas again admitted to Barnes Hospital on Aug. 18, 1920, for an 
osteomyelitis of the radius and ulna of the left arm. On Aug. 29, 1921, he was 
admitted for incision and drainage of a subperiosteal abscess of the left humerus, 
and on Jan. 19, 1927, for chronic osteomyelitis of the right tibia. 

This patient’s last admission was on Dee. 8, 1928, because of severe pain under 
the left shoulder blade. A slight discharge from the old operative wound on the 
right leg was still to be noted. Breath sounds over the apex of the left lung 
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posteriorly were diminished. The muscles over this area were tense and toder. 
On December 24, an incision was made over this tender area and about 200 cc. 
of thick, odorless pus which contained a pure culture of staphylococci was 
removed. No opening into the pleura could be demonstrated. The possibilitj o 
a subperiosteal abscess of osteomyelitis of a rib could not be excluded. The 
patient was discliarged from the hospital on Jan. 19, 1929. His wound is enUTely 
healed, and he is now free from all symptoms referable to his chest. 

TUMORS OF THE PLEURA AND LUXG 

Tumors of the pleura and lung represent interesting problems in 
chest surgerv. The malignant type of tumors have been particularly 



I'is- My.soma of mediastinal pleura removed from case 16. The scale is 
in centimeters. 


so. We feel that patients with such conditions, if seen early, might be 
benefited by surgical measures, but they rarely present themselves for 
diagnosis and treatment. One of our patients who had a small broncliial 
carcinoma which was removed bronchoscopically is still free from any 
evidence of recurrence a year later. Many others were treated by 
cautery, the roentgen rav.s and radium. Imt ail cases ended fatally. 


C.isr 16 . — Myxoma of Plcwa, Surrjical Remora!. 

I'. N., a man, need 54. w.as admitted to Barnes Hospital on Mav ^5 lO’S 
comphuung of .a lump in the right breast. Pliysical e.xamination 'revealed" a 
M hencal tnmor smwteil m the region of the third and fourth ribs on the ri<.ht 
Mdo. Tlicre lias .,0 evidence of any pleura! effusion or of any compression'o 
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any of tlic large blood vessels. The tumor was firmly attached to the wall of the 
chest. 

On Jlay 28, 1923, operation was performed. The tumor was seen to be grow- 
ing between the third and fourth ribs, which showed marked spreading as a result 
of pressure. The intercostal muscles were also thinned out. The tumor extended 
under the sternum, from which it could be easily separated. It apparently arose 
from the mediastinal pleura. A microscopic section showed typical mj-xomatous 
tissue (fig. 7). 

The patient was discharged on June 9, 1923. He reported for observation on 
September 12, and then said that he was quite well and had been working for 
three months. At the present time he is perfectly well. 



Fig. 8. — Scar in case 17 folloiving cardiolysis for chronic mediastinal peri- 
carditis. 


CARDIOLYSIS 


Cask 17 . — Cardiolysis for Chronic Media slinal Pericarditis. 

We present this case not only because of an excellent result obtained but also 
because we feel that more interest in this type of case should be aroused than 
at present exists. The patient was referred to us by Dr. Elsworth Smith. He 
was admitted to the hospital in January, 1923, because of evidence of cardiac 
decompensation which had been present for six weeks. There had been no 
improvement after digitalis therapy. Atypical signs and features of chronic 
mediastinopericarditis were found on examination, and on May 2, 1923, with the 
patient under local anesthesia, the third, fourth and fifth ribs on the left side 
were resected from the border of the sternum to a line well out beyond the heart. 
This resection included both ribs and costal cartilages. Some of the sternum \yas 
also removed with a rongeur. The periosteum and perichondrium of the ribs 
were carefully stripped from the pleura so that there would be no regeneration 
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of new bone or new cartilage. The pleura was not opened. His recovery from 
the operation was prompt and lie lias been at work now for more than five years 
in a clerical position ivhicii requires him to w'ork for ten hours a day. He has 
liad no return of cardiac decompensation since the operation. This operation 
should be performed much more often than it is, because there are many more 
persons seriously handicapped by chronic mediastinal pericarditis than is com- 
nionh rcalired (fig. 8). 


RCSULTS OF CAUTERy PNEUMECTOMV IN CHRONIC 
PULMONARY SUPPURATION 

We thought that it would be of interest to report to the organization 
at this time the results of the cases of chronic pulmonary suppuration 
treated by the operation of cautery pneumectomy. It should be under- 
stood that this operation is reserved for only the most refractory cases. 
We find, moreover, that it is of greater rvalue and probably less danger- 
ous in tliose cases in which the predominating features of the picture 


Data oil Coses of Chioiiic Pulmonary Stil>puiatwii Tieatcd leith 
Cautciy Pncmncctomy 


Xuinber of ca'cs 


r.4 


Dcflnitoly improTctl 


so 

(CC.07o) 

MoOcmtclv linpio\«I .... 


2 

( 3G7o> 

Sllplitly Improved 


3 

(5 0%) 

Not Improved 


7 

(12 5%) 

Dead (operative mortality) 

L,ite Results 

c 

(n%) 

Nimitier of ca'cs 

,44 • 4 



Xiimlier of patients still alive. 


so 

(03 0%) All patients at wort 

Dellnltclj Itiiproied 


34 

(CS%> 

Jfoderately improted . 


1 

(1 0%) 

Sliglitly improved .. 


0 

Not Improved 


1 

(10%) 

Operative deatlis . 


0 

(11%) 

Late deatlis, not dirittij due to 

operation . 

12 

(227c) 

IlroDclilal fistula still pre'cat.... 


37 

(■!» /o) 


are of chronic abscess of the lung rather than of cylindric bronchiectasis. 
The statistics in the accompanying table do not include cases accom- 
panied by carcinoma of the lung. 

In the table we have divided the deaths into those which were directly 
accribablc to the operation and those which occurred late and were due 
to causCT not directly ascribable to the operation. It is, of course, some- 
what difficult to state with certainty that some of these late deaths were 
not called by the operation, hut since they include deaths which occurred 
at vanalilc times from two months to two years after the operation of 

cautery pneumectomy, it was felt that they should not be ascribed to the 
operntiou itself. 


Oi the twelve ca<=cs m which death occurred late after the operation 
one was due to an aaitc enteritis which seemed to be entirely independent 
f i hei the operation or the original suppurative pulmonary condition 
. lotliir one was reported to us as a sudden death at home the cause of 
uhich could not he ascertained. A third was due to pulmonary tuber 
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lous abscess which had Isccn treated by cautery pncumectomy. A fourth 
patient died from bronchopneumonia wliich may have been due to resid- 
ual infection in the lung. Two patients died more than a year later 
from brain complications; in one case an abscess of the brain and in 
the other meningitis. In these last two cases, the fatal lesions were due 
undoubtedly to the fact that some of the original infection in the lung 
still remained. In two patients, a generalized infection of the blood 
stream was pi’esent ; in one instance it was associated with diabetes. It 
is probable the operation on these two patients should not have been 
undertaken. Two other patients died more than a year after the cauterj' 
pneumectomy as a result of operations to close the bronchial fistulas. In 
one of these cases death occurred suddenly, presumably due to air 
embolism, and in the other one the patient died as a result of a general- 
ized infection presumabh" due to contamination of the wound by the pus 
from the bronchial fistulas. In both of these cases the patients were 
free from symptoms and died merely because tbej' desired to have the 
bronchial fistulas closed. In two other cases death occurred from hem- 
orrhage from bronchial fistulas. Both of these deaths occurred several 
months after the operation of cautery pneumectomy. 



3. BRONCHOGRAPHY* 


JACOB J. SINGER, M.D. 

ST. LOUIS 


W'c wlio work in the chest service of Barnes Hospital agree with 
otliers who regard bronchography as a method which has revolutionized 
the diagnosis of pulmonary conditions. Since the introduction of iodized 
oil 40 per cent, as suggested by Sicard and Forcstier, we have been able 
to perform lung mapping without any danger to the patient and with 
most gratifying results in diagnosis. 

There are seven methods of introducing iodized oil: 

(1) Tiirougli a trocar needle, resembling a tracheotomy tube, into the trachea, 
under sterile precautions. 

(2) Under direct laryngoscopic e.xamination with the patient lying on the back, 
with tlic head extended over the table. 

(3) Tlirough the bronchoscope introduced directly into the lung. 

(4) Through a tracheal catheter introduced under indirect illumination of the 
larynx. 

(5) Tlirough the passage of a specially constructed intubation tube. 

(6) Passive method of aspiration. After complete anesthesia of tonsillar 
pillars and trachea, the patient is given the oil by mouth and instructed to 
aspirate it. 

(7) By the injection into the pharynx of 20 cc. of oil while the patient pulls 
out his tongue as far as possible. The patient should be trained to take many suc- 
cessive deep breaths following the injection of the oil. This method which we 
proposed in 1925 is the one which we most commonly use. 


The iodized oils used were lipiodol (Lafay), which contains 40 per 
cent of iodine by weight combined with poppy seed oil ; and iodipin, 
which contains 40 per cent hy weight combined with sesame oil. Iodipin 
can he obtained in cither 10 or 40 per cent cotnpounds. It is possible 
that other oils can be used, but the two mentioned are the ones we use 
in our work. 

In these two products the iodine is so firmly combined with the oil 
that the iodine reaction cannot be obtained in patients who are expecto- 
rating .sputum combined with the oil. Iodized oil is not rapidly broken 
down in the hmgs but may be in the gastro-intcstinal tract, when it is 
swallowed or when through accident the oil is introduced into the esopha- 
gu.s. lodism may thus result. 

'i'lie choice of the seven methods of technic in use usually varies with 
the experience of those interested in the methods. Laryngologists prefer 
the bronchoscope : pediatricians, the tracheal trocar. Medico} men and 




' I'rnin the Department of Intcrn.al Medicine W.asbington U 
Miiliciiic and Barnc': Ho-spii.al. 


niversity School 



Fig. 1. — Method of introducing the iodized oil. The patient faces a good 
light and is told to open his mouth as widely as possible; his tongue is grasped 
with a piece of gauze and is pulled out as far as possible. Iodized oil which has 
previously been warmed in a syringe is slowly injected into the posterior pharynx 
through a straight cannula while the patient breathes deeply. The patient is urged 
not to swallow or cough during the injection. The use of a local anesthetic is 
seldom necessary. 



Fig. 2.— Iodized oil, introduced by the method illustrated in figure 1, collects in 
the interarytenoid fossae. It then trickles between the vocal cords during the 
phases of respiration and is thus aspirated into the bronchial tree. 
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roentgenologists prefer the intratracheal injection through the mouth. 
Irrespective of the method used, approximately from 20 to 40 cc. of the 
oil must be instilled to produce suitable roentgenograms. 

The value of bronchography lies in the definite mapping out of lung 
structure, either normal or altered by pathologic conditions. It requires 
considerable experience to be able to interpret these shadows, especially 
with so dense or so opaque a substance. In view of the fact that the 
lung fields may extend in an anterior and a posterior direction from 6 
to 12 inches (15.2 to 30.4 cm.), one can readily understand how super- 
imposing shadows will complicate the roentgenogram, but the true inter- 
pretation will be made in conjunction with the physical signs and history. 
Many dense shadows in the roentgenogram may be tumor masses, col- 
lapsed lung tissue or cavities filled with secretion. The opacity of the 
iodized oil when introduced into the lungs of these patients will often 
give startling pictures of pathologic conditions that were not suspected. 

The oil can be used in fistulous tracts to map out chronic empyema 
cavities and also bronchial fistulas, and when introduced in this way it 
rarely excites a cough. This substance has helped to show abscessed 
cavities that were connected with the empyema cavities through a bron- 
chial fistula. 

In pneumothorax cases, and especially in bronchiectatic cases, iodized 
oil shows well whether or not the bronchi are collapsed. 

Jacobaeus, in a recent article, described how the iodized oil in pneu- 
mothorax cases has shown that bronchial tubes were seen in adhesions 
extending to the wall of the chest. One can easily see how it could be 
possible to sever lung tissue with the cautery in Jacobaeus’ method of 
pneumolysis and produce an empyema and probably death. 

To summarize the value of bronchography, it is of great benefit, in 
combination with careful physical examination, to those who have had 
considerable experience with suppurative conditions of the lung. It 
should not be used when simpler methods suffice for the diagnosis. It 
shows excellently the bronchial tree with abnormalities present, and 
when properly used it is harmless. 


The first method is recommended for children, the fourth and sev- 
enth methods for adults, and the second and third methods when 
bronchoscopy is performed for other purposes. The seventh method 
should be tried in adults before attempting the more complicated ones. 
If .successful, then the fourth is the method of choice. 

Recently, Iglaucr devised an intubation tube which prevents regurgi- 
tation of the oil. While this method has much to commend it one 
•should use means with as little in.strumcntation as possible to obtain the 
desired roentgeiiograin. 



DEMONSTRATIONS OF EXPERIMENTAL WORK IN THE 
WASHINGTON UNIVERSITY SCHOOL 
OF MEDICINE 

1. CALIBER CHANGES IN THE BRONCHI IN NORMAL 

RESPIRATION * 

PETER HEINBECKER, M.D. 

ST. LOUIS 

The use of iodized oil 40 per cent has permitted the outlining of 
the bronchial tree in tlie living subject with great accuracy and detail. 
This suggested it as a possible agent in determining the caliber changes 
believed to occur in the bronchi in normal respiration. 

EXPERIMENTS 

Observations were carried out on lii’ing subjects — one cat, two 
dogs and five human beings. The animals were anesthetized with etlyd 
carbamate (urethane), and the oil was administered by tracheal punc- 
ture. In man, where no anesthetic was required, the films were taken 
in the course of diagnostic procedures. After injection of the oil, 
x-ray films were taken during the actual process of breathing, and in 
man also while holding the breath at the end of inspiration and at the 
end of expiration. The respiratory movements were recorded by a 
pneumograph held around the chest by a tape and attached to a tambour. 
The moment of the time of exposure of the film was signalled on the 
record. To record accuratel}' the time of e.xposure with reference to 
the particular phase of respiration it is well to have the kymographic 
marking key and the x-ray circuit operated by the same switch, but it 
was not possible to arrange this in these experiments. All roentgeno- 
grams were taken at a constant distance, 3 feet (91.44 cm.), and the 
exposures made short to avoid motion in the pictures. 

Results showed that the bronchi and bronchioles are widest at the 
end of full inspiration and narrowest at the end of full expiration. In 
quiet breathing the changes in caliber are slight. In some of the long 
bronchi, particularly in those to the lower lobe, there is an actual nar- 
rowing during the first part of inspiration. While these observations 
were puzzling at first, it was seen that they could be explained on the 

* From the Department of Surgery, Washington University School of Medi- 
cine and Barnes Hospital. 

* This report is in part an abstract of data presented in a paper, “A Method 
for the Demonstration of Calibre Changes in the Bronchi in Normal Respiration,” 
published in T/ie Journal of Clinical Investigation (4:459 [Oct.] 1927). 
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basis of passive changes. The roentgenograms showed that the bronchi, 
especially the ones to the lower lobe, lengthened considerably during 
respiration. Passive mechanical changes in caliber would therefore be 
the resultant of linear and radial traction. The linear changes would 
be greatest at the beginning of inspiration, at the time of the descent 
of tlie diaphragm, especially in respect to the lower lobes. Radial trac- 
tion would be greatest at the end of inspiration on elevation of the 
ribs, when the anteroposterior and lateral diameters of the lungs are at 
a maximum. During quiet respiratory movements the tendency to 
widen during inspiration due to radial traction might almost be equaled 
throughout the greater portion of the lungs by the tendency to narrow 
due to linear traction. 

To study the passive changes which might occur in the bronchi 
during inflation and deflation of the lungs, experiments were performed 
on two cats after death. The recently killed animal was placed in a 
large rigid cardboard paper cylinder so fitted that exhaustion of the 
air within the cylinder by a water suction pump was possible. A tracheal 
cannula, firmly tied in, opened to the atmosphere through a rubber 
stopper in the lid of the cylinder. The iodized oil was administered 
tlirougli the cannula. Roentgenograms were taken with the cat’s lungs 
inflated and deflated by negative pressure to varying degrees. A waxed 
paper cylinder was used because it interfered with the passage of the 
x-rays less than glass. 

The results proved that the longitudinal and radial changes demon- 
strated in tile roentgenograms of the living lung could be paralleled in the 
dead lung when they were entirely passive. The sequence of passive 
changes was a shortening and narrowing of the bronchi with deflation ; 
an elongation and possible narrowing with partial inflation and a widen- 
ing with more extensive inflation. 

The presence or absence of active influences in the respiration of 
the living subject was not determinable from the evidence of this 
investigation. Numerous researches have shown that the caliber of the 
bronchi is under nervous control. Even if there is no active participa- 
tion on the part of the bronchial musculature in ordinary respiration, 
it would still exert its influence as an elastic structure the degree of 
stretching of which would vary with the degree of vagus and sympa- 
thetic tone. 

Information having a bearing on the study of the nervous mechanism 
of the bronchi has been secured through an anal.vsis of the action 
potential of the sympathetic and vagus ner\-cs of the turtle. It has 
been found ^ that the action potential of the cervical sympathetic trunk 

Exper. Biol. & 
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is in general composed of two wave complexes, but that in certain of 
such nerves there arc three. For the purposes of identification, these 
are named the A. B and C groups. When present, the A group has a 
threshold, a conduction rale and an absolutely refractory period time 
similar to the alpha, beta, gamma and delta groups of the frog sciatic 
as described by Erlanger and Gasser. The B and C groups have a 
threshold, conduction rate, chronaxia and absolutely refractory period 
time which differentiates them entirely from the A group. The thresh- 
old is higher, the conduction rate is less and the chronaxia and absolutely 
refractory time are approximately from five to ten times that of the A 
groiij). i\Iicroscoi)ic sections indicate that the A group potential, when 
present, arises from the largest relatively thinlj- myelinated fibers in 
these nerves. The C group arises essentially from the unmyelinated 
fibers and the B group essentially from the small thinly mvelinated 
fibers always associated closely with the unmj'elinatcd nerve fibers. 

The vagus nerve has an action potential similar in form to that of 
the sympathetic with the A, B and C potential groups. The properties 
of the potential groups are also the same as those of the sympathetic 
nerve. 

The analysis of the form and properties of the action potentials of 
these nerves affords a basis for further work in the identification of 
the fiber groups in similar nerves responsible for functional changes 
occurring in the musculature of the bronchi in animals. 



2. CHANGES IN THE SHAPE AND SIZE OF THE 

tracheobronchial tree follo\ying 

STIMULATION OF THE VAGO- 
SYMPATHETIC NERVE * 

BYRON F. FRANCIS, M.D. 

ST. LOUIS 

Changes in the caliber of the bronchi in response to vagus stimula- 
tion have been observed by many. As long ago as 1842, Langet ^ 
directly observed constriction of the bronchi of the horse when the 
peripheral end of a cut vagus nerve was stimulated. Dixon and 
Brodie,= in 1903 and 1904, studied the effects of nen'e stimulation by 
recording changes in intratracheal pressure and changes in the vol- 
ume of a lobe of the lung which had been placed in an oncometer. The 
method was modified somewhat and used b}' Weber® in 1914, and by 
Braeucker •* in 1925 and 1927, in making further studies. The results 
of the investigations of these and many others have been overwhelming 
proof that the caliber of the bronchi may be changed by impulses trav- 
eling through the vagus nerve. An admirable review of the entire 
subject has been presented by Macklin in a recent issue of the Physio- 
logical Reviews.’^ 

However, a study of the changes in size and shape of the bronchi 
which take place within the intact chest as a result of nerve stimulation, 
and of how the respiratory movements might modify these changes has 
not been made. It is my purpose to record a study of these changes. 
The method used is similar to the one employed by Heinbecker “ in 
demonstrating changes in the size of the bronchi during normal respira- 

* From the Chest Service of Barnes Hospital and the Department of Medicine, 
Washington University School of Medicine. 

1. Langet: Recherches experimentales sur la nature des movements intrin- 
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tion. It is essentiall}^ the recording roentgenologically of the tracheo- 
bronchial tree after injections of a substance opaque to the roentgen ray 
have been made. By this means changes in the outline of the trachea 
and bronchi may be noted by comparison of the films that have been 
taken during various steps in the experiment. 

EXPERIMENTS 

Dogs and cats were used. The animals were anesthetized by sodium barbital 
injected intrapcritoneally. Dry bismufli subcarbonate powder was blown into the 
tracheobronchial tree. This was found to be more satisfactory than iodized oil, 
because it coated the walls better and tended to remain as it was originally dis- 
tributed, whereas the iodized oil soon flowed out of the upper bronchi into the 



Fig. 1 (cat). — Both vagosympathetic nerves were cut to slow and deepen respira- 
tions. A was taken at height of inspiration; B, at end of e.vpiration. The small 
letters a and b in this and in figure A indicate comparable regions of the tracheo- 
bronchial tree. 

lower bronchi or into the alveoli, drowning portions of the lung. The vago- 
sympathetic nerve was isolated in the neck, and stimulation was effected by a 
faradic current. 

X-ray plates of the chest of the animal were taken with the tube at a constant 
distance from the plate; in this series the distance was 26 inches (65.96 cm.). 
To determine the time and duration of the exposure in relation to the respiratory 
cycle, records of the respirations and e.xposure were made simultaneously on a 
kymographion. Closing of the switch of the x-ray machine also closed the key 
of the marker on the drum. A record was similarly made of the time and dura- 
tion of the stimulation of the nerve. 

In figure 1, A was taken in inspiration. That this is so is noted b}' 
the increase in the width of the chest and the depth of the diaphragm. It 
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is easily seen that the entire bronchial tree, including the trachea as well 
as the bronchi, is longer and wider. Actual measurements of a portion 
of the left bronchus between the two marks are: on inspiration an aver- 
age width is 3.75 mm., the length, 37 mm. For the purpose of com- 
parison, if I may be permitted to compute the probable capacity of the 
tubes from these data, it is seen that the capacit 3 '- of this section of tube 
is about 1,634 c.mm. In expiration, the length of this tube has become 
33 and the width 3 mm., giving a capacity of about 933 c.mm. 

The capacity in inspiration is therefore 1.75 times that in expira- 
tion. If this is an indication of the extent of changes throughout the 
bronchial tree, as it seems to be, the dead space of the lungs is far from 
a fixed quantity. This fact has been pointed out many times before. 
Changes in the size of the bronchi during the respiratory cycle were 
surmised by Keith " and demonstrated by Macklin ® and tleinbecker.” 
Ballon and Ballon ® ha\'e shown changes in the size of the bronchi 
which had been filled with iodized oil by making an exposure during 
inspiration and during expiration on the same plate. 

In figure 2, it is to be noted that the size of the chest is the same in 
A and B. By actual measurement on the film the chest in B is 2 mm. 
narrower than that in ^ at a level which is just below the bifurcation 
of the trachea, but otherwise there is no change. It will be noted, how- 
ever, that there is a general narrowing of about 1 mm. of the right 
bronchus. The trachea is narrower also. The left bronchus is slighth' 
narrower. That the two plates were taken in the same phase of res- 
piration is further shown by the record. In figure 3, it is seen that the 
control plate, figure 2 A, was made just at the beginning of inspiration 
(2). Figure 2 B was taken at 5, which is at about the same point in 
the respiratory cycle as 2, and about eleven seconds after stimulation 
of the peripheral end of the cut right vagosympathetic nerve began. 
The beginning of stimulation is indicated at 4. More marked changes 
in size and shape of the bronchi are shown by stimulation of the uncut 
vagus nerves. 

The most marked changes in size and shape of the tracheobronchial 
tree occurred when the intact vagi were stimulated. By comparing 
figure 4 A with figure 4 5, a marked difference is seen. 

In figure 4, both exposures were made with the animal in an oblique 
position. The chest of the animal is narrower in A than in B, but the 


7. Keith, A., in Hill, L. : The Mechanism of Respiration in Man in Further 
Advances in Physiology, London, E. Arnold. 1909. 

35-303^192s'’"’ ^ ^ Studies on Bronchial Movements, Am. J. Anat. 

40 P^‘ Ballon, H. C. : Pneumonography with Iodized Oil 

40 Per Cent, by Bronchoscopic Method: The Bronchial Tree with Oh.Pr ’ 
Made from One Hundred Injections, Arch. Surg. I4:1S4 (Jan.) 1927 




Fig 3. — Simultaneous record of respirations, time of exposure, time and dura- 
tion of stimulation made. R indicates the respiratory tracing, upstroke is expira- 
tion, downstroke is inspiration; E, exposure; S, stimulation; T, time in seconds. 
Figure 2 A was taken at 2; and figure 2 F at 5. 
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diaphragm is at the same level in each. Measurements of the left 
bronchus give some significant results. Between the Jiwo marks the 
distance is 30 mm. in each but the diameter in A is 1.75 and in B it is 
4 mm. A calculation of the capacit}' gives 72.159 for A and 376.99 
c.mm. for B, a change of more than five times. Only a slight edema 
of the mucous membrane of a bronchus so constricted would completely 
occlude its lumen. The localized constriction of the right bronchus 
with the dilated region beyond the narrow portion gives one the impres- 
sion of a peristaltic-like wave in process. 

It does not seem likely that this change in the bronchi is a passive 
one due entirely to changes in capacity of the chest from a disturbance 



Fig. 4 (cat).— Oblique position, A was taken during stimulation of both uncut 
vagosympathetic nerves in the neck; B, two minutes after cessation of stimulation. 

of the respiratory movements caused by stimulation of the uncut vagus. 
If this were so, one would have expected a great diminution in the size 
of the left side of the thorax. This did not occur. So far as can be 
determined from a study of the film, a change in the capacity of the 
chest comparable to the change which took place in the bronchi did not 
occur. For this to have happened the chest must have had its diameter 
reduced to one-half ; this would have reduced the capacity about four 
times. As it was, from the measurements made of the x-ray plate, the 
capacity could not have been reduced more than one-third. In 'this 
case, the trachea alone had its capacity reduced more than three times 
as the result of the change in size. 
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In the cat in figure 5 A, the cervical portion of the left uncut vago- 
sympathetic nerve was stimulated. C was taken during a stronger 
stimulus than that given while B was taken. It is to be noted that the 
thorax is longer and narrower in C than in B, but the trachea in B is 
nearly 1 mm. narrower than that in C. In each the bronchi have been 
extremely narrowed, out of proportion to the change in width of the 
chest when compared to A, which was taken after stimulation had 
ceased. 



Fig. 5 (cat). — Anteroposterior position; A was taken at the end of a normal 
expiration, C during strong stimulation of the left uncut vagos 3 mpathetic nerve, 
and B during mild stimulation of the same nerve. 


Cats lend themselves to this type of experimentation better than 
dogs, chiefly because the anteroposterior diameter of the chest of a cat 
is relatively short so that x-ray pictures may be taken with the animal 
lying on its back. Dogs, on the other hand, have a narrow chest but 
an anteroposterior diameter which is relatively great. Consequently it 
was usually necessary to take lateral plates. 
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Figure 6, taken of dog J, shows changes in the tracheobronchial 
tree. A was taken before stimulation. The right side of the chest 
was toward the plate ; the trachea and right bronchus filled with bismuth 
subcarbonate are seen. B was taken five seconds after the beginning 
of stimulation of the right uncut vagosympathetic nerve. A marked 
general narrowing of the trachea and right bronchus is apparent. Both 
pictures were taken in expiration. By measurements of the two plates 
one cannot detect any difference in the size of the thorax. 



F'g 6 (dog).— Right side to the plate; A was taken before stimulation; B, 
five seconds after beginning of stimulation of the right uncut vagosympathetic 
nerve. 


COMMENT 

A roentgenologic demonstration is given of the changes in the size 
and shape of the tracheobronchial tree of cats and dogs which occur 
during inspiration and expiration. Also the changes which follow the 
stimulation of the cervical portion of the vagosympathetic nerve are 
demonstrated. The evidence here presented is not thought to be suf- 
ficient to make conclusions concerning the phj^siology of the tracheo- 
bronchial system. However, the method should lend itself well to 
further investigations of the bronchi of the intact animal. 


3 . EiMPHYSEMA SIMULATING CARDIAC 
DECOMPENSATION * 


W. B. KOUNTZ, N.D. 

AND 

II. L. ALEXANDER, M.D. 

ST. LOUIS 

It has long been lielcl that chronic einph3'sema sooner or later leads 
to cardiac failure. 'I his statement appears in maity modern textbooks 
of medicine. It is based largel}' on the presumption that as the lungs 
distend during the progression of emplu'sema, the pulmonar\' capillaries 
become stretched and narrowed. Consequently, the blood leaving the 
right ventricle meets peripheral obstruction, and added work is thrown 
on the right side of the heart which eventuall}' hypertrophies, dilates and 
fails. This theor}^ is founded on the clinical fact that patients with 
advanced emphysema usuall}' have dyspnea on exertion, cyanosis and 
dependent edema, which are cardinal signs of cardiac decompensation. 

In a previous study, fifty patients with long-standing bronchial 
asthma were examined. All of these had emphysema which, in some, 
was advanced. Particular attention was paid to the cardiovascular sys- 
tem, and little evidence of inherent cardiac damage was obtained. This 
led to the present study of the heart in chronic emphysema. 

Sixty-six patients with emphysema were examined in detail. They 
were selected from moderately advanced to advanced cases. In almost 
all, the underlying etiology was some form of bronchial obstruction, such 
as asthma, chronic bronchitis or larjmgeal compression. Again, par- _ 
ticular attention was paid to the cardiovascular system. The only out- 
standing observations were a high peripheral venous pressure, and a 
lowered oxygen content of the arterial blood. 

All these patients showed d3'spnea on exertion and cyanosis. Depen- 
dent edema occurred in eighteen, and a histor3’- of this sign was obtained 
in fifteen others. These cases simulated cardiac decompensation. Nine 
patients with edema came to autops3^ In one there was h3'pertrophy 
of both the right and left ventricles. In eight no pathologic changes 
were found. In these, not only was there no right ventricular hyper- 
trophy b3'^ measurement, but the normal ratio of right ventricular weight 
to left ventricular weight was maintained in each instance. 

The finding of these normal hearts required an explanation of the 
signs of cardiac failure. Dyspnea and c3'anosis may readily be attributed 

* From the Department of Medicine, Washington University and Barnes 
Hospital. 
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to the low vital capacity of the lungs and the impaired pulmonary ven- 
tilation that occur in emphysema. The edema is ascribed to the high 
peripheral venous pressure, and anoxemia, for the two factors most 
conducive to edema are increased capillary pressure and anoxemia, both 
of which occurred in these cases. 

The reason for the high venous pressure was studied in dogs. A 
ball valve was fastened in the trachea and adjusted so that the amount 
of expiratory obstruction could be regulated. Within a short time, 
emphysema appeared; this was permitted to continue over a period of 
weeks. Intrathoracic and peripheral venous pressures were recorded 
periodically. Increased pressure in the thorax occurred early. As this 
advanced, the peripheral venous pressure rose proportionately. This 
is accounted for b}' the partial obstruction to the return of peripheral 
venous blood into the thorax, which results from increased intrathoracic 
pressure. 

CONCLUSIONS 

From this study, the following inferences are made: 

1. Heart failure is not necessarily a consequence of emphysema. 

2. In cases of marked emphysema, peripheral signs simulating car- 
diac failure are attributed to factors other than a damaged heart. 

3. These factors are lowered vital capacity (dyspnea), deficient pul- 
monary ventilation (cyanosis) and an increased peripheral venous pres- 
sure associated with anoxemia (edema). 

4. Heart failure and emphysema may coexist, as in senile arterio- 
sclerosis. Here, emphysema is usually not advanced, and there is no 
evidence that it damages the heart. 



4. EXPERIMENTAL ABSCESS OF THE LUNG FOLLOW- 
ING LIGATION OF THE PULMONARY ARTERY 
AND INCISION AND SUTURE OF THE 
PULMONARY PARENCFIYMA * 

I. Y. OLCH, M.D. 

AND 

HARRY C. BALLON, M.D. 

ST. LOUIS 

We hesitate to add further to the literature which concerns itself 
with the theory concerning the development of abscess of the lung. In 
attempting to attack this problem from various angles, many investi- 
gators have often disregarded striking clinical observations and facts; 
this is an endeavor to discover a method which when perfected would 
carry with it a guarantee of producing an abscess of the lung in prac- 
tically every instance. By so doing they have endeavored to prove that 
certain postoperative complications, as for example, abscess of the lung, 
always result from a single mechanism. Others have gone further and 
have concluded that a given mechanism always operates and is common 
to other postoperative pulmonary sequelae. Such mechanically perfect 
experiments naturall\' add considerable weight to the explanation of 
how such conditions develop and point out how in many instances their 
occurrence may best be avoided. Such a simplification, although most 
desirable, is certainly not justifiable at the present time. We believe 
that abscess of the lung ma)' develop in several ways. We wish to 
stand in the middle of the road. 

The object of this paper is, therefore, not to introduce a new method, 
to formulate further burdensome theory or to draw any sweeping con- 
clusions from the results which we have obtained. The purpose is rather 
to record observations as they occurred in the hope that our experiences 
may at some future time add to, or help to discard a link from, the chain 
of theory. 

Our original studies were undertaken to observe the origin of the 
scar tissue in healing of the lung. They were stimulated more particu- 
larly in the light of the recent experiences of others who have questioned 
the previously accepted conception of the development and structure 
of the lung. We observed that simple incision and suture of the pul- 
monar}^ parenchyma resulted in a scar which resembled a scar elsewhere 
on the body. Phrenicotomy performed on the corresponding side in 
no wa}' affected the end result. These studies will be reported elsewhere. 

*From the Department of Surgery, Washington University and Barnes 
Hospital. 



1587 


OLCH~BALLON— ABSCESS OF LUNG 

In the course of our investigations we found that ligation of the 
pulmonary artery and simple incision and suture of the pulmonary 
parenchjana were followed by the development of an abscess of the lung 
in the lobe so treated. We were frequently able to repeat this observa- 
tion, as our recorded experiments will show. Explanation of much in 
this connection, nevertheless, still remains to be made. Among other 
things, our bacteriologic studies to date are as yet incomplete. 

All experiments were performed on dogs under absolutely sterile 
conditions. The positive pressure apparatus of Erlanger-Gessel was 
employed. 



Fig 1 (dog 117) — Abscess of the right lower lobe of the lung. 


EXPERIMENTAL WORK 

Dog 117 (2) — The pulmonary artery to the right lower lobe was ligated A 
transverse incision, which included a large mam bronchus, was made in the right 
lower lobe The cut ends of the bronchus were allowed to retract and the lung 
was resutured The dog was killed on the seventh day An abscess of the right 
lower lobe of the lung was found (figs 1, 2 and 3). 

A^cciojisy—The long was quite firm The suture line was intact On cutting 
through the lobe on which operation had been performed, a definite abscess, 
2 cm in diameter, was observed. Through this abscess ran the remains of a large 
bronchus which was plugged. The main bronchus just adjacent to the abscess 
"as patent The abscess, which was solitary, extended well out to the periphery 
of the lung The pleura was free. No other abscess formation could be made 
out in anj other part of the lung 
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Minacol^ic t\amim!iw»~T\\c microscopic picliire verified file gross obscna 
tions The lung tissue adjacent to the abscess is filled iMth a fluid exudate plus 
inflanimators cells and red blood cells The wall of the abscess is made of fibrin, 
pus cells and cellular debris All the parciicluiiia of the lung in this region is 
destrosed Ihe extent of the abscess corresponds more to the extent of the 
incision 

Comment — The extent of the lesion and the tremendous inflamma- 
tory ie<iction weie stiong jioints against a ptiieh ischemic origin of the 














life'' 


Figf 2 — poA\er magiiificaOou Fiiotomjcrograpij of abscess noted in fig 1 

lesion All adjacent vessels contained blood No large gioups of bac- 
teria could be discerned The lest of the lung lequiies no description 

Dog B 16 (3) —The technic used was that of the foregoing experiment Tor 
one week after the operation, this dog was quite ill During this period it coughed, 
pus poured out of its nostrils, and it frequently sneezed The condition was 
obviously not one of mere distemper, and the dog gradually improved It was 
killed after one month The wound was healed Beneath it there was breaking 
down of tissue, that is, an abscess 
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--Sec... 

the following: The cells had lost thc.r sta.n.ng proportj. 
the ghost of alveoli, with solid masses o pm. 

Dog a 1 (4).— The animal thickening of the remains of the alveolar 

lung was found. There was^a ^t the 

wall about the abscess. fmtn them No growth was obtained, 

time of operation and cultures were made from them. 

p" obtained from the abscess yielded no organism. 



Fig. 3.-High power magnification. Photomicrograph of abscess noted in figs 
1 and 2. 


Dog a 2 (5) —The animal was killed on the seventh day. Abscess of the 
lung was found. A culture of a portion of excised bronchus removed at operation 
showed no growth. 

Dog B 25 (6).— The animal was killed on the twelfth day. Necropsy showed 
abscess of the lung (figs. 4 and 5). The right lung, which had been operated on, 
was riddled with abscesses. The wound was healed, but not as firmly as usual 
The pleural cavity was free. The microscopic observations were those of typical 
abscess formation. 

Dog B 17 (8).— The animal was killed on the fifth day. There was no evi- 
dence of abscess of the lung. The lung was grossly firm. The incision had healed. 
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There were no adhesions. Tlierc was considerable induration of the lung tissue 
distal to the incision. A large bronchus which had been intentionally cut across 
Was plugged. There was a firm scar and no abscess. 

Mkroscot>ic Examination . — Tlierc were c.'ciidate in the alveoli and blood in the 
region of the incision. There was not the actual connective tissue scar prolifera- 
tion that was noted in the lungs in which the pulmonary artery was not ligated. 
The plugged bronchus contained cellular debris and pus cells. 

Dogs 16 A (9) and B 3 (10). — Both dogs were killed seven days after the 
operation and both had an abscess in the lobe of the lung which had undergone 
operation. 










Fig. 4 (dog B 25). — Gross section of the right lower lobe cut in half, showing 
large abscess of the lung. 


COMMENT 


In a series of experiments in which ten dogs tvere employed, the 
pulmonary artery to the right lower lobe was ligated. The pulmonary 
parenchyma of the same lobe was incised for 3 inches (7.6 cm.). The 
incision included a large bronchus. An abscess of the lung (the right 
lower lobe) developed in eight of ten instances when the pulmonary 
artery was ligated and the pulmonary parenchyma incised and sutured. 
The scar healed in every instance. In no case did empyema develop. 
One dog showed the remains of an old abscess, another a lesion which 
was considered a healed abscess. Multiple abscesses in the lobe oper- 





OLCH-BALLON— ABSCESS OF LUNG 


1591 


ated on were noted only once. The abscess was always found in the 
lobe which had been opei-atecl on, and never elsewhere. Its diameter in 
a few instances corresponded to the length of the scar, but the latter, 
as already noted, was free in every instance. It is to be noted that the 
bronchi which were cut across were allowed to retract. In three 
instances in which abscess of the lung developed, a portion of bronchus 
was excised at the time of operation and showed no growth. In two of 
these instances, culture of the abscess yielded only spore formers on one 
occasion. There was no growth. 

Changes in the lung following ligation of the pulmonary artery have 
been described by Schlaepfer and others. He noted fibrosis of the lung 
following ligation of the pulmonary artery, especially when this proce- 



Fig. S (dog B 25). — Photomicrograph of high power magnification of abscess 
noted in fig. 4. 


dure was combined with phrenicotomy and with partial occlusion of the 
pulmonary veins. Schlaepfer observed that after ligation of the pulmo- 


nary artery a stasis takes place on the alveolar side of the pulmonary 
veins with a resultant exudation of serum, erythrocytes and leukocytes 
into the alveoli and interstitial tissue. At the beginning there is also an 
increased flow of lymph. 


William Snow Miller long ago demonstrated the fact that the 
bronchial blood vessels are directly connected with the pulmonary vein. 
That fine, barely demonstrable, yet adequate, anastomoses may take 
place between arteries and veins was shown by Hayer. 

Virchow’s investigations on hemorrhagic infarcts of the lung led 
him to conclude that the interruption of a branch of the pulmonary 
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artery in no way influenced the nutrition of the pulmonary parenchyma. 
The bronchial arteries apparently give off important nutrient branches. 
This view is not in accord with that of Cohnheim and Litten, who did 
not feel that the bronchial arteries were absolutely adequate in this 
respect. 

Chjrzontschewsky experimentally injected a dye into the circulation 
after having ligated the main branch of the left pulmonary artery. He 
found the substance not only in the bronchial arteries, but also in the 
branches of the arterv which had been tied off and also in the veins. He 
therefore concluded that this demonstrated the presence of a capillary 
network. Kiittner’s observations in this respect were similar. 

Konaschko was able to prove rather conclusively that adequate com- 
munications exist between the pulmonary arterj' and the bronchial 
arteries. He was able to fill the mediastinal pleural branches of the 
bronchial artery by injecting tbe pulmonary artery. He also observed 
that similar fine communications existed in the walls of the bronchi. 
His observations in general substantiate many of those prerdousi}' made 
b}’ Zuclv'erlcandl. 

It would therefore seem rather certain that adequate nutrition of the 
pulmonary parenchj’ina exists following ligation of the pulmonary 
artery, at any rate sufficiently adequate nutrition, under previously nor- 
mal conditions, to prevent the occurrence of a hemorrhagic infarct. It 
is interesting in this connection to consider the work of Rose, who con- 
sidered the lung as essentially a vascular organ. 

We observed no appreciable increase in fibrous connective tissue in 
the lung over periods up to four weeks following ligation of the pul- 
monary artery. No abscess formation followed this procedure. 

The corresponding lobe did not decrease in size, nor did the alveoli 
appear to be smaller. Other changes observed corresponded to those 
already described by Schlaepfer. 

Hasslinger and Sternberg studied the flora of the tracheobronchial 
tree in the living person. These investigators also studied the flora of 
the tracheobronchial tract of the dog. They were able to show that 
use of cocaine or of cocaine and epinephrine somewhat retards the 
growth of bacteria from twenty-four to twenty-eight hours but does 
not kill them. They observed their cultures for eight days. Their tech- 
nic was extremely careful and was carried out through a bronchoscope. 
They recovered streptococci, staphylococci, rods and various saprophytes 
from the subglottic space of seven dogs. The secretions from the trachea 
beyond the bifurcation and from the main bronchi were in every instance 
sterile, both in patients and in the dogs. 

In our experiments, six dogs were killed on the seventh day. All 
these dogs had developed an abscess of the lung, one of which was 
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healed. Two dogs were killed after one month. One of the dog's 
lungs in this group showed a healed abscess, the lungs of the remaining 
dogs, no abscess. One dog was killed on the fifth day and showed no 
evidence of abscess of the lung. The tenth dog was killed on the twelfth 
day and showed multiple abscesses of the lung. We injected known 
organisms into a bronchus and then ligated the pulmonary artery in one 
instance. We were able to recover the same organism from the pneu- 
monic areas which resulted. As to the raison d etre, we can at the 
present time only theorize. Simple incision and suture of pulmonary 
parenchyma is not followed by the development of an abscess of the 
lung. Similarly, simple ligation of the pulmonary artery shows no such 
change. The combination of both procedures, in our experience, fre- 
quently results in the development of an abscess of the lung. From the 
experience of Haslinger and Sternberg and from our own in three 
instances, we know that the bronchi are apparently normally sterile. It 
is possible, however, that the trauma to the lung puts it somewhat at 
rest, and therefore it may not be unlikely that organisms may reach the 
lung, either from the mouth or through the circulation. Be this as it 
may, the contents of the cut bronchus can pour into the parenchyma. 
Such bronchi have been observed to be plugged with pus. The presence 
of blood from the original operation must also be considered as a possi- 
ble factor. The abscess formation could not be attributed to faulty 
technic or to a foreign body, such as silk, which was the suture material 
used. The ligation of the pulmonary artery may slow the circulation 
somewhat. Our bacteriologic studies are as yet incomplete. No viru- 
lent organisms have been recovered, however, from the abscesses which 
resulted. The lobes operated on as described functioned perfectly. We 
thus have a combination of circulatory and “aspiratory” factors, and, as 
has been suggested by others who have worked with noninfected bland 
emboli, it would perhaps seem that abscess of the lung, like so many 
other lesions, may not only result from several mechanisms, but that its 
formation requires a combination of factors. 

SUM ar ARY 

1. In ten dogs, ligation of the pulmonary artery to the right lower 
lobe and simple incision and suture of the pulmonary parenchyma of the 
corresponding lobe was followed by the formation of an abscess of the 
lung in eight instances. 

2. No appreciable increase in fibrous connective tissue was observed 
in the lung over periods up to four weeks following ligation of the pul- 
monary artery. 

3. The corresponding lobe did not decrease in size, nor did the 
alveoli appear to be smaller. 
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4. Simple incision and suture of the pulmonary parenchyma resulted 
in a scar which resembled a scar elsewhere in the body and was not 
followed by the development of an abscess of the lung. It is to be 
noted in this connection that phrcnicotomy performed on the cor- 
responding side apparently in no way influenced the end result. 
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5. THE ORIGIN OF SCAR TISSUE IN HEALING OF 

THE LUNG* 

I. Y. OLCH, M.D. 

AND 

HARRY C. BALLON, M.D. 

ST. LOUIS 

These studies are concerned with the origin of scar tissue in healing 
of the lung. They were undertaken chiefly because of the recent experi- 
ences of others who questioned the previous conception of the develop- 
ment and structure of the lung. All experiments were performed on 
dogs under sterile conditions. The positive pressure apparatus of 
Erlanger-Gessel was employed. The first group of experiments illus- 
trate the effect of simple incision and suture of pulmonary parenchyma. 

SIMPLE INCISION AND SUTURE OP PULMONARY PARENCHYMA 

Dog 138.— a single incision, 2 inches (5.0 cm.) long, which ran at right angles 
to the axis of the main bronchus was made in the right lower lobe of a dog’s lung 
on Dec. 31, 1928. This incision included several blood vessels and bronchi. The 
animal showed no discomfort and was killed on the tenth day, by means of an 
overdose of ether. The chest cavity was reopened under positive pressure. The 
incised lobe was previously observed to function perfectly. There were no adhe- 
sions ; the suture line had healed perfectly. 

Microscopic Examination. — Microscopically, the lung was normal throughout 
in every respect. There were no abnormal cells and no exudate. The scar resem- 
bled a normal scar which might he found on any other part of the body. The 
pulmonary parenchyma distal and proximal to the scar looked alike. There was 
only slight local compression of alveoli, which could be attributed to the contrac- 
tion of the scar. 

Dog 139. — Another dog operated on as described was killed on the fifteenth 
day. A few fine adhesions could be noted, hut only where the lung had been 
handled by gauze, which was away from the incision. The incision was smooth. 
The entire lung contained air. There were no evidences of mediastinal or sub- 
cutaneous emphysema. 

Microscopic E.ramination . — Smaller bronchi were observed to have been cut 
across and were somewhat collapsed. There was slight pulmonary emphysema 
about the scar, hut this was in all probability due to the fact that the lung had 
after removal immediately been fixed by injecting a diluted solution of formalde- 
hyde into the bronchial tree. There was active proliferation about the scar. The 
origin of the scar tissue could not be definitely determined. 

Another dog operated on in a similar manner developed an empyema and died 
on the fourth day. The line of incision had not broken down. No bronchial 
fistulas could he demonstrated. A fistula may, however, have been coated over 
by exudate. The right lung showed evidences of pneumonia. There was no 
abscess formation in the lung. 

♦From the Department of Surgery, Washington University Medical School 
and Barnes Hospital. 
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The fourth dog in tliis series of experiments was killed on the fifth day The 
observations were essentially those noted in the first two experiments. 

The suture line was in a moderately advanced stage of healing. A slight 
extravasation of blood into the wound could be noted. Some small bronchi which 
had been previously' cut across were caught in the scar and were partially col- 
la])scd. All adjacent blood vesseh were dilated and filled with blood. 

Cojiiiiicvt. A scar in the lung, the result of a simple incision and 
suture of pulmonary parenchyma, resembles a scar elsewhere on the 



Fig. 1 (dog 138). — Photomicrograph showing a ten day old scar in lung. This 
scar followed a simple incision and suture of the pulmonary parenchy'ma. It is 
made up of connective tissue and shows moderate round cell infiltration. Normal 
air-containing alveoli are seen on either side of the scar. An adjacent bronchus 
is unaffected. 


body. Except for the presence of adjacent collapsed alveoli, which are 
alveoli caught in the contracting and retracting scar, no differences on 
ordinary histologic examination can be noted. The usual methods of 
examination do not permit one to ascertain the origin and source of the 
scar tissue. Simple incision and suture of normal lung tissue under 
sterile conditions is not followed bj' abscess formation. 
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SIJIPLE INCISION AND SUTURE OF PULMONARY PARENCHYMA 
FOLLOWED BY INTRATRACHEAL INJECTION OF 
TRYPAN BLUE 

The following experiments differ from those already recorded only in that 
on the first, second, third, fourth and fifth postoperative days the dogs experi- 
mented on received an intratracheal injection of 5 cc. of a 1 per cent solution of 
trypan blue. This first dog was killed on the tenth day. This was exactly three 
days after the last injection of trypan blue. 



ovjuu uian normal. 

Miaoscopic Examination.-Th,, incision in the lung showed pH • 
nctivc healing. Considerable patchy cellular exudate flrl ^ ^ 
nuclear cells) could be observed throughout the thole^ilt h 'In- 
in 
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On March 12, the left side of the chest was opened and the left lower lobe 
was operated on in a similar manner. A wedge of lung tissue was e.xcised from 
this lobe. On March 13, 14 and 15, the animal was given doses of 10 cc. of 
trypan blue intratrachcally in an attempt to demonstrate the histiocjte reaction 
following the injection of this dye. 

The dog was killed on March 16, that is, five weeks after the first operation 
and four days after the second operation. Both lungs were blue and fairly firm. 
A hematoma could be seen in the left lower lobe. There was no inflammatory 
reaction about the hematoma, which lay distal to the scar which was four days old. 



Fig. 3. — Photomicrograph of same field as that in figure 2. High magnification. 

The question might be raised as to whether additional factors, such as 
slowing of the circulation, might not under favorable circumstances render such 
a hematoma susceptible to secondary' infection. 

The scars in both lungs were healed. No abscesses could be noted. 

J\Iici oscopic Examination . — Section A, taken from the left lower lobe at tbe 
time of the second operation, which was performed twenty-four hours after the 
injection of try'pan blue, showed considerable exudation of cells of all kinds. 

Sections from the left lower lobe, taken four days later, showed that the 
exudate was more extensive than that noted in section A. It is to be appreciated, 
however, that the dog in the meantime received additional injections of trypan 
blue. More pigment was therefore to be observed in the cells, many of which 
seemed to plug the alveoli. 
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Sections taken from the right lung at necropsy showed a healed scar. There 
were still evidences of the exudation of cells, engorgement of interalveolar capil- 
laries with blood, and areas in which the general arrangement of inflammatory 
cells resembled pneumonia. A microscopic section from the right upper lobe gave 
the same picture of a “patchy pneumonia.” 

No pigment cells were observed in the scar. 

Dog 300.~On Feb. 22, 1929, a simple incision and suture of the pulmonary 
parenchyma and intrathoracic phrenicotomy on the right side were done. On 
March 11, 20 cc. of a 1 per cent solution of trypan blue was injected intra- 
tracheally. On March 12, a wedge was cut out of the left lung. On this occasion 
the lungs were quite blue and felt irregularlj' firm, much more so than a normal 
lung. From March 12 to 15, 10 cc. of trypan blue was given intratracheally. The 
animal was killed on March 16, which was twenty-two days after the first opera- 
tion and four days after the second operation, which was on the left side. 

The right side of the diaphragm showed the effects of the phrenicectomy. It 
was thin and atrophic. 

There was a perfect scar in the right lung. There was some hemorrhagic 
discoloration about the scar in the left lung. 

No abscess formation or pneumonic process could be noted in either lung. 

, Microscopic Examination . — A specimen taken at second operation showed what 
would be expected twenty-four hours after the Injection of trypan blue. There 
was a patchy pneumonic-like process. The blood vessels were engorged. Patchy 
exudation was most marked about the bronchi, which also contained inflammatory 
cells. 

The injection of trypan blue into the lung produces patchy pneumonic-like 
areas. In these areas only little trypan blue can, however, be observed. Only 
an occasional phagocyte which had ingested trypan blue was observed in the areas 
from which sections were taken. Yet such an area of the lung is quite blue, firm 
and, as already mentioned, shows microscopically only a little trypan blue. 

A section taken from the left lung (the same site as that of the aforementioned 
section) four days after the second operation showed active fibrous reaction. 
There was considerable leakage of blood into the wound, around which fibrous 
tissue reaction attempting to wall it off could be noted. There were also many 
inflammatory cells here. The lung tissue about the scar contained air. There was 
a large number of scattered cells in the alveoli and mononuclear cells which 
appeared to come from the alveolar wall. There were practically no pigment 
cells in the scar tissue. 

Sections from the right lung, which was operated on five weeks previously, 
showed complete healing of the scar. Many cells loaded with pigment were to be 
seen in the alveoli, also a few in the scar. 

Section 300 E was taken from the right upper lobe, which was normal except 
that it had received injections of trypan blue. This lung showed the “pneumonic- 
hke” processes alluded to, and many “dust cells" which contained blue pigment. 


COMMENT 

In tlie earlier experiences witli vital staining in the study of the 
reticulo-endothelial system of the body, it was noted that the lungs- 
remained singularly free from pigment-laden macrophages or showed 
just a few such cells after the intravenous or intraperitoneal injection of 
various dyes. Certainly such lungs showed proportionately much less 
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pigment than was found in otlier organs of the body, notably the liver. 
The few pigment cells found in the lung were grouped about the larger 
blood vessels. From these observations it was concluded that the mac- 
rophages did not originate in the lungs, and that these organs could not 
be classed as a part of, or considered to contribute to, the reticulo- 
endothelial system. Because the pigment cells seen in the lung were 
about the blood vessels, it was thought that they arose from the capillary 
endothelium. 

Fried * more reccntl)' reconsidered the macrophage reaction in the 
lungs by injecting vital dye and oil intratracheally. He found that there 
is abundant proliferation into the alveoli of mononuclear cells laden with 
pigment after the injection. He showed that they came from the cells 
lining the alveoli. They corresponded morphologically and plwsiolog- 
ically to the macrophages of the reticulo-endothelial system. He thus 
concluded that the lung has an active defense mechanism concerned with 
the proliferation of these cells, and that the alveoli are not lined with 
epithelium but with cells having the properties of macrophages. The 
latter, then, do not come from the capillary endothelium but from the 
alveoli. The reasons why this reaction is not seen after intravenous 
or intraperitoneal injections of vital dye are: (1) The dye is diluted; 
(2) the Kupffer cells of the liver pick it up and so pre\'ent its entering 
the lung, and (3) a large part of the dye is e.\'creted in the feces, urine 
and bile. Other observations on the lungs so treated were: thickening 
of the alveolar walls ; the filling up of alveoli with these cells, and their 
coalescence to form patches resembling those seen in bronchopneumonia. 

In trying to detemiine the origin of the cells forming the scar in the 
parenchyma of the lung, we wondered as to the role plaj^ed by the cells 
that line the alveoli and proliferate abundantly. The thought occurred 
that they contribute to the formation of the scar. Dogs therefore 
received intratracheal and intravenous injections of 10 cc, of a 1 per 
cent solution of trypan blue. The injection was given slowl}'. The 
animals were held in the upright position while the dye was given, and 
for ten minutes afterward. On the following day, the chest was opened 
under ether anesthesia administered by means of the positive pressure 
apparatus. The lungs were found to be somewhat firmer than usual 
and to be stained in varying intensity in irregular patches. The incision 
into the parenchyma was always made in the right lower lobe as 
described. A wedge of lung tissue was cut out from the edge of the 
incision for microscopic study at the time of operation. The wounds 
in the parenchyma and chest were then sutured. The chest was closed 
in layers. As all incisions in the larger muscles were made in the direc- 

1. Fried, B. M : The Defensive and Metabolic Apparatus of the Lungs ; The 
Lungs and the Macrophage System. Arch. Path. 6:1008 (Dec.) 1928. 
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tion of their fibers, which were then retracted, a good closure was 
insured. On the first, second and third postoperative days, these dogs 
each received 10 cc. of the 1 per cent trypan blue solution intratrache- 
ally. They were killed on the fifth or seventh day after operation. Just 
before death the lungs were functioning, and no adhesions were seen 
at the suture line. The lungs were firmer than normal and stained 
irregulai'ly with the blue dye. On section, no abscesses were found, and 
the pinkish-white scar could easily be made out. 

The microscopic observations in these lungs coincided with those 
described by Fried ; ^ areas of proliferation of alveolar lining cells, the 
presence of pigment in these cells, thickening of the alveoli and coales- 
cence of areas of proliferation into pneumonia-like patches. The 
striking observation, as far as we are concerned, was the absence of 
macrophages, at least of pigment-containing cells, even in the early scars. 

According to Fried’s observations, we should have found large num- 
bers of these phagocytic cells among the devitalized cells and the blood 
pigment found in the edges of the incision into the parenchyma of the 
lung. A few such cells were seen near the scar but not in it. Evidently 
such phagocytic cells do not wander far from the alveoli in which they 
arise, or else the stimulus of simply incising the lung is not sufficient 
to attract them to the scar. We believe that the scar which develops 
following a simple incision into the lung is formed from the fixed tissue 
cells arising from the supporting framework of the lung, and that the 
cells lining the alveoli do not contribute to this scar. The function of 
the macrophages in this connection seems to be rather more one of 
defense against organisms or particulate matter introduced directly into 
the alveoli. 

StJM'MAtlY 

Some observations have been made concerning the origin of the scar 
tissue in healing of the lung. A scar in the lung, the result of a simple 
incision and suture of pulmonary parenchyma, resembles a scar else- 
where in the body. The injection of trypan blue into the lung produces 
patchy, pneumonic-like areas. Practically no pigment cells are to be 
found in the scar, even early in the process. It would seem that the 
scar arises from the fixed tissue cells of the supporting framework of 
the lung, and that the function of the macrophages is rather one of 
defense against organisms or particulate matter which are introduced 
into the alveoli. 


2. Fried, B. M.; The Origin of Histiocytes 
.'\rch. Path. 3:751 (May) 1927. 
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VARNEY— BACTERIOLOCV OF LUNG ABSCESS 

The material from these patients was secured and prepared for study 
in the following ways : (1) At Operation : In these cases, the pus was 
aspirated under aseptic precautions the moment the pus cavity was 
opened, immediately placed in a sterile tube kept at 37 C., and without 
further delay taken to the laboratory for examination. Material from 
several of these patients was also introduced into the lungs of dogs in an 
effort to produce abscesses of the lung by experimental methods. Pus 
secured in this manner was not treated in any way other than to wash 
thoroughly, in several changes of warm sterile saline solution, any 
granules which might be found, in order to remove liquid pus which 
might adhere. Both the granules and the liquid portions of the pus were 
then separately plated on blood agar, and immediatel}^ incubated at 37 C., 
under both aerobic and anaerobic conditions. Plates were incubated 
under anaerobic conditions in the phosphorus anaerobic jar previously 
described by me.- Smears of both granules, if present, and the liquid 
pus were prepared and examined after staining by Gram’s method, with 
gentian violet, and by the method of Fontana. 

(2) By Postural Drainage: Following a cleaning of the mouth with 
a suitable wash, the patient was inclined with the head lower than the 
feet, so that the abscess pus drained freely from the mouth. The first 
portions were discarded and the material to be studied was collected in a 
sterile container, transferred immediatelj’^ to the laboratory and treated 
as described. 


(3) By Coughing While in a Reclining Position; The mouth was 
washed as before ; the patient was turned on his side and was instructed 
to cough. By this method, certain samples of pus were found to be 
gross)}- contaminated with saliva and sputum from the upper respiratory 
passages, often sufiicient in amount to cause it to separate into three 
layers as is often described in the literature. Such material is almost 
worthless for examination. In some cases, therefore, repeated samples 
were secured before a satisfactory one was obtained. If the material 
appeared to be largely saliva, it was discarded and another sample was 
secured. Only when a very small amount of saliva was present in the 
pus was the sample deemed representative enough to be used in this 
study. On arrival at the laborator)% the sample was placed in thin layers 
m a petri dish, the pus being separated from any saliva present, and 
thoroughly washed in repeated changes of sterile saline solution. ' The 
granules were picked out by means of a needle and treated similarly, 
following which the usual smears and cultures were made. 


(Tan VlOZs’ of the Lung, Arch. Surg. 16:179 

2 Varney, Philip L.; A Simple Method for Cultivating Anaerobes bv Aleans 
of Phosphorus. J. Lab. & Clin. Med. 11:1183, 1926. ' * 
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suspended for a short period of time following the withdrawal of the 
pus, and are readily withdrawn by the inoculating loop when the material 
is smeared out, so that if any granules are present spirochetes will 
usually be found. After standing for a short period of time, however, 
the pus becomes quite liquid, owing to the action of its proteolytic 
enzymes, and as a consequence the granules settle out, carrying the 
spirochetes with them. It is therefore of the greatest importance to 
examine the pus for the presence of these granules, for it is here and 
usually only here that the spirochetes may be found. If they are appar- 
ently discovered in the liquid portions of the pus, it will usually be 
found that one has accidentally picked up a small granule and smeared 
it out together with the liquid portions of the pus. Knowing the location 
of the spirochetes, and that they can still be found many hours after the 
withdrawal of the pus, it is of advantage first to plate out the material 
as rapidly as possible, thus giving no chance for a change in the bacterial 
flora, and subsequently to prepare the smears immediately after the 
plating. In this 'work, the material was first thoroughly washed; then 
the granules and liquid portions were plated separately on special blood 
agar, consisting of 1 per cent proteose peptone, 0.5 per cent sodium 
chloride, 0.3 per cent beef extract and 1.7 per cent dried agar-agar 
adjusted to pn 7.4. In each of the cases in this series, the material was 
plated within fifteen minutes after its withdrawal from the body, and 
most of the platings were completed in from five to ten minutes; thus 
there was little chance for any change in the bacterial flora, through 
either the multiplication or the death of any of the micro-organisms 
present. It was found by cultural tests that the fusiform bacilli and 
spirochetes often remained alive for as long as twenty-four hours after 
thc collection of the samples; hence it is safe to assume that the brief 
e.xposure of the samples to air had little deleterious effect on the anae- 
robic flora. 

The pus or granules were streaked out on plates by means of a special 
machine streaking,* as it had been found almost impossible to get 
representative results on repeated culture when hand streaking methods 
were employed. When streaked by the aid of the machine, the 
tenacious, tough material could be distributed evenly, owing to the 
greater pressure of the contaminated inoculating spatula which could 
safely be applied against the agar as compared with the pressure possible 
with hand streaking; this method thoroughly liberated the imprisoned 
bacteria and gave rise to an eveness and degree of distribution not pos- 
sible to obtain by hand methods. IMany of the bacteria repeatedly found 
in large nu mbers following machine streaking could scarcely be found 


4. Varney Philip L.: A Xeu- Spiral Streak Plate yfethod of Isolating 
Bnctcna hy Means of an Inoculating: Machine. J. Infect. Dis. 41:190. 1927 ^ 
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following hand streaking methods. This was especially true in the study 
of the granular masses, for these must be subjected to a severe grinding 
action before they become sufficiently broken up to form rvell isolated 
colonies. Owing to this lesser grinding action, hand streaking methods 
gave entirely different and much less consistent results than those pro- 
duced by machine streaking, and fusiform bacilli were often not found 
on plates streaked from material that was positive by microscopic tests. 

Aerobic plates were e.\'ainincd in twenty- four hours and their bacte- 
rial population recorded, following which they were reincubated twenty- 
four hours longer and reexamined to see if any further changes had 
resulted. Changes seldoiii occur after forty-eight hours, however, even 
though the plates are incubated for ns long as one week, and all the 
essential data can be secured within tliis period of time. The anaerobic 
plates incubated in the phosphorus anaerobic jar were first examined 
after forty-eight hours, as the colonies of fusiform bacilli, streptococci 
and pneumococci, if jn-esent. arc most characteristic at this time. They 
were ree.xamincd after a period of incubation of from one to two weeks 
for the final record as to the presence of B. mclaninogcnknm and any 
spirochetes which might lia\'e grown, or of an.v other slow!}' growing 
organism. 

In this work, an attempt was made to study as closel)' as possible the 
aerobic and anaerobic bacterial flora present in the pus from chronic 
abscesses of the lung, especially in regard to the presence of Bacillus 
fusifonnis, spirochetes, streptococci aiid B. ntclaniiiogcnkuiu. While 
the first three organisms are familiar to all, the latter organism is com- 
paratively unknown ; hence a brief description of it may be of interest. 

I!ACIt.l.US MF.LANINOGENICUM 

Oliver and Wherry = were the first investigators to study and name 
this organism. Tiie}’ noticed in cultures from the human body a minute, 
strictly anaerobic, nonmotile, polymorphic gram-negative rod measuring 
0.8 by 1 to 3 microns, which, when grown under anaerobic conditions on 
mediums containing hemoglobin, produced after rather an extended 
period of incubation intensely black colonies which rapidly removed the 
last vestiges of hemoglobin from the plate, leaving it entirely colorless, 
similar to a plain agar plate. Because of the nature of the pigment, 
which they believed to be melanin, they named the organism B. mclan- 
inogcnicum. Burdon,“ who has worked extensively with the organism 
in this laboratory, found it difficult by plate methods of isolation and 

5. Oliver, W. W., and Wherry, W. B. : Notes on Some Bacterial Parasites of 
the Human Mucous Membranes, J. Infect, Dis. 28:341, 1921. 

6. Burdon, Kenneth L.: Bacterium Melaninogenicum from Normal and 
Pathologic Tissues, J. Infect. Dis. 42:161, 1928. 
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study to isolate the organism in pure culture, as it grows in symbiosis 
with other organisms to a remarkable extent. He found the growth 
of strictly pure cultures to be slow, and that when so growing, the 
hemoglobin substrate was destroyed only to a slight extent. A small 
amount of contamination, however, far too little and in too intimate a 
mixture to be detected by a casual bacteriologic examination, would 
markedly stimulate the rate of growth of the organism, as well as enable 
it to hemolyze blood and destroy all color in blood agar jdates within a 
short time. 

Burdon secured rapid growth in mixed cultures; the development of 
the organism was indicated by the formation of a dark brown or black 
colony containing large amounts of an amorphous, extracellular, melanin- 
like pigment. In most cases the first trace of melanin was apparent 
after five or six days in primary cultures, although if the organisms were 
numerous the pigment might show up as early as the second day (forty 
hours) or, if the organisms were few. as late as the sixteenth day. The 
pigmented colonies of the organism grew in, on, over the top and 
around the colonies of other bacteria, which reached their maximum 
development long before the colonies of B. mclattuwgenktim. 

Burdon found the organisms rather widely distributed about the 
body, and found them also in certain lesions of the lower animals, such 
as dogs and guinea-pigs. He found a close correlation between the num- 
ber of colonies of B. mclaninogcnicnm growing in the culture and the 
cleanliness of the organ from which the culture was made. The organ- 
ism was present in all mouths ; while present in only small numbers in 
normal mouths, so that a long and careful search was required to find 
it, it was exceedingly numerous in septic conditions such as pyorrhea 
alveolaris, in Avhich it could be and was used as an index of the severity 
of the lesions. 

The organisms were frequently found about the genitalia of both 
male and female patients, the relative number present being directly 
proportional to the lack of cleanliness of the parts or to the severity 
of the lesions, if any were present. In patients from the ward or the 
clinic, the organisms were abundant, but in private patients, rvho were 
obviously much cleaner as determined by inspection, few organisms were 
found. Schwarz and Dieckmann ‘ obtained B. melaninogcnicum from 
nine blood cultures of patients suffering with puerperal fever, the organ- 
isms being identified by Burdon, and found the organism in 90 per cent 
of their routine uterine cultures. 


In a study that I made, in 1926, of sixteen excised tonsils, reported 
by Burdon,® B. mdanhiogemcmn was found in every case, the plates 


7. Schwarz, O. H., and Dieckmann, W. J.: Puerperal Infection 
Anaerobic Streptococci, Am. J. Obst. & Gynec. 13:467, 1927. 


Due to 



^J?ac/c 


''>'4?!'r <«.»« , 

‘^^oss / f/jc sn ^ orf. f 




th 

®^^ou-cc/ '■^'^S' 

^snj.Q .. 


o/ 


f/jc 


"J' Of 








“'''•>W,,r>'C'''°'' 


^ ^ ?/?e 




,7^ "-ere r «<«„5 “ 


f/SCf/ 


fAcsp '’9^'e/j;/,. «Je '"'A"'!'?/?,., ■"' ^ra/,.,; ■■"<-'«cc/ < " •=£«*, 


^Ae 




S'l'eat 

'ere 


r<?t, 


^ ^e„, 
Tr 


hlan.^'^Pts, 


>4>'« 'o 4 

®ces, 

v’ "'' ■’ 

o fc/j 


aA, 

Ar, 


?o 

** Of ,,r 

a 0/ 


sncl 
'-e 


’’■"as 

oine 


avc /, '“"ass p,.^ ah, 

"‘'‘«io,'^ ‘'; •’sp.C' f'"''" 

O'n .ilT , . "'° ’“n^s '''"‘ ~ 

of O'S^ilo/ ®"C/, ,, ^ 'Oi,s,';, "S^, j„ ^ oro 0^ 

'•'•■"lin,.,, *'■« pio.. “"■' «-ero , ''■'■«/. “""ft m„. ««■ ;,.? f ""'«/■ 


”»? opoo''’.'®" 4 


0/ 


'a;?cc/ 

■^ac-)/ 

^°’^si^era,','’''terie, 


^-Va;; 
fr 


af/op 


aep 

thus 


■^°as ^Oi,„^l :, 


that 


eo,, ^'tts „■« ^ / 

.4 , :! "*o«vo’''l-w'? '4.,,, 


-»4 ■“”“«o»p,;;,;4;4e,^, 




Persi 


o/tf 


fep oj*‘uvc 

4 oofci'*'." 'o.r ::„7'fef4v>. =0. foo,., „7®», fo,; 

ffcii 


OUs 






‘^'PA-e\:7 f/,e 


C5 »'>'>«.;::2'<;i:*'' oC;:? '"»< 


of 


ao r.-)„- sfre. 


^At; 


Pa 

'PtOCi 


- 2"': ^eep . 


■“'» that'l" ^t,s 


P’-odur,,/!’^ "’as 


a/so'*'^ 


a cases 
c^eep 






’Chronic 


Pafero-.' 


'Hp 






"'‘Pr^:'""- 


,, bv 

aaco 

'pfetf n/j, these 
cesses 

^'•'hih 


""">>■■ r„ 




'“'.‘--OPO 


'ep 


Case. 


P'e; 


P^P^r^ 
"^AA 




■^aAropt7'*of,;,^ 

' PPA yp, ^^asepf 
^ «'afer/a/ 


PfAer o._ 7^s 

4>aa7sp35 



1609 


V ARNEY— BACTERIOLOGY OF LUNG ABSCESS 

was secured at or prior to operation. Of these twenty-one cases, a 
search for B. mclamnogcmcum was made in only seventeen, the othei 
samples being studied before the presence of this organisin was known ; 
as a result the plates were discarded too soon to identify it. B. mclan- 
inogcnlcutn was found in 94 per cent, or in sixteen of the seventeen 
recorded cases. In two of these cases, or in 9.5 per cent, the colonies 
of B. melaniitogaiicuin on the plates constituted from 60 to 90 per cent 
of all the colonies present, and an exceedingly rapid breaking down of the 
hemoglobin took place (in less than forty-eight hours) with a concur- 
rent production of an exceedingly foul odor, resembling that previously 
referred to. From one sample, or 5.9 per cent, between 20 and 30 per 
cent of all colonies growing were those of B. mclcimnogcuictiui. Five 
other samples, or 23.8 per cent, contained between 3 and 7 per cent of 
these organisms. Eight patients, or 38. per cent, had 2 per cent or less 
of the colonies, although numerically there were large numbers of the 
organisms preseiit in the pus from most of these patients, and although 
from a casual inspection of the plates one might suppose them to be 
much more numerous. B. indamnogcnknm was completely absent in 
only one case, or 5.9 per cent, even on repeated examination. The bac- 
terial flora of this sample was quite different from that of any of tlie 
other samples studied, as may be seen by referring to case 2. table 1, 
which shows the bacteriologic observations in this sample. 

In all of the samples of pus studied, there was a close relationship 
between the pus obtained from the jjatient and the bacterial flora in 
respect to B. mclamnogcnknm. This was particularly true in respect 
to the presence of granules. Of the samples of pus from typical chronic 
abscess of the lung in which granules were observed, B. mclaviiiogcni- 
cum was found in all but one, as well as in many cases not included in 
this series. In the more putrid types of pus, in which the granules were 
often numerous, as compared with those found in less putrid types of 
pus, the numbers of B. mclamnogcukum were always greatly increased. 
If only a few granules or none were present, there were only a Icav 
colonies of B. viclaiiinogeniciim found on culture. There was therefore 
a close relationship between the presence of these granules and the 
numbers of the black orgarrisms present. 

The odor given off from pus containing B. viclatiinogcnkum is char- 
acteristic, and as the strength of the odor is apparently in direct pro- 
portion to the numbers of B. melanivogciikiim present, an experienced 
worker may rvith considerable accuracy predict the absence or presence 
of the organism on this basis, together with the numbers to be expected 
When grown on blood agar plates in symbiosis witli fusiform bacilli 
either alone or with streptococci, the organisms produce the same odor 
but in greater degree. 



Results of Cultmal Examination of Pus fiont Cliionic Absxcsscs of the Lung 
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ARcniyns op surgery 


The mere iirej^eticc or ahsence of an organism in a pathologic lesion 
cannot, of course, he taken as a criterion as to its etiologic significance 
in connection witli that lesion, and while there are no exact experimental 
data as to the relationship between B. mclanhwgcniciun and abscesses of 
the lung, certain factors would seem to show that it may be of great 
importance in this disease. The organism may be present, of course, 
only as a secondary invader or snprophyte and may grow more readi]y 
in the older lesions simply because of better conditions of nutrition. 
Experimental evidence is against the idea of any one organism causing 
these lesions, but rather points to several organisms growing in intimate 
symbiosis with eacli other as giving rise to the condition ; one organism, 
enabled to grow by means of the withdrawal and continual exclusion of 
ox 3 ’gen by the other bacteria, penetrating into healthy tissue, injuring it 
so that other organisms of the group maj' follow and injure it still 
further, allowing those organisms which live on necrotic or liquefied 
tissue to comidete the process. The most frequently found and probably 
the chief organisms concerned in this process are B. vtclamnogcnicion, 
fusiform bacilli, spirochetes and streptococci, especially of the viridans 
type. In pure culture, B. mehminogenicum so far has proved to be 
devoid of pathogenic properties, but in symbiotic growth its numbers 
increase rapidlv in experimental lesions, coincident with a marked 
change in the character of the pus from the light yellow pus seen in 
early lesions, which is largelj' devoid of odor, to the chocolate-brown, 
foul smelling pus seen in the advanced cases in human beings. In the 
series of experiments by Allen * on the experimental production of 
abscesses of the lung in dogs, jnis from one of the patients studied in 
this series (case 21) was secured at operation, kept at 37 C., and intro- 
duced into the bronchus of a dog under ether anesthesia, following which 
the bronchus was ligated. After twenty-six days the dog, in a dying 
condition, was chloroformed ; autopsy disclosed an extensive abscess in 
which was found a large amount of foul smelling, dark brown pus 
which phj'sically resembled that originally introduced, except that it was 
slightly more liquid, and which had a strong odor of B. mclan'inogeui- 
cuiu. A large number of cheesj' granules was found in the pus. How- 
ever, while only about 1 per cent of colonies of B. inelatnnogciucniii 
was found in the original pus, in the pus from the dog the anaerobic 
growth showed approximate! 50 per cent of the organisms from one 
sample and almost 100 per cent from another to be B. mdaninogcnicinn, 
no sample showing less than SO per cent of the organisms. Aerobically, 
practically 100 per cent of the colonies growing were of a small, non- 
hemolytic streptococcus. The soft, 3 'ellowish, cheesy granules^ were 
found in large numbers, and varied in size from a fraction of a millime- 
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ter to several millimeters in diameter. On staining, these granules were 
seen to teem with spirochetes, and with considerable numbers of fusi- 
form bacilli. Few spirochetes were found in the liquid pus. 1 he hemo- 
globin in the blood agar plates was destroyed rapidly, the plates all 
becoming decolorized in less than four days, coincident with the forma- 
tion of an intense black pigment in the colonies of B. mdanmogcnicnm. - 
Numerically, the fusiform bacilli were present in consideiable numbeis, 
but relatively there was onl}' a small percentage of such colonies present. 
The same gram-positive streptococcus seen in the aerobic cultures 
appeared in the anaerobic cultures, but in much smaller numbers. 

It may be seen that in this experimental abscess, the numbers of 
B. mclaiiinogeniciim increased tremendously. The other organisms, 
while still numerically present in large numbers, were greatly decreased 
in percentage at the expense of B. vielaninogciiicuin. Results similar 
to those secured in this experiment were obtained a second time, using 
another patient (case 19) and another experimental animal. 

While the results of only one or two experiments can at best be 
merely indicative, the evidence is at least suggestive that B. iiiclaiihw- 
genicuin may and probably does play more than a passive role in the 
production of abscesses of the lung. It should be repeated, however, 
that it is unlikely that any one organism may be incriminated as the 
etiologic agent, but rather that several organisms, as previously men- 
tioned, act s^'mbiotically to bring about this condition. The spirochetes 
and fusiform bacilli are the outposts of the advancing infection, pro- 
ducing an injury which is carried on to completion by streptococci and 
B. melaniitogcnicum. The streptococci as well as other aerobic cocci 
are of aid in this process not only because of their inherent pathogenic 
powers, but also because of their ability to maintain anaerobic condi- 
tions, an essential for the other organisms. To the presence of B. 
melaninogenicum must also be attributed much of the disagreeable 
nature of the infection, because of the foul nature of the pus so 
produced. 

Of the six cases studied in which operation was performed, the 
presence of B. mclamnogenicum was recorded in only three, and here 
only in small numbers. However, since the pus from these patients 
was obtained by swabbing from the exterior through the wound fissure, 
there was less chance for an anaerobic flora than in the cases in which 
no operation was performed. Even rvith deep swabbing, however, few 
colonies of B. mehninogemann were ever found. There is a definite 
decrease in these organisms following operation ; this decrease is both 
quantitative and, more especially, qualitative, there being a great increase 
in aerobes at the expense of the anaerobes. 
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BACILLUS FUSIFORMIS 

Of the twenty-one cases studied in which no operation was per- 
formed, D. fusijonnls was found in twenty cases, or 95 per cent, by 
microscopic examination. By means of cultural tests, the organisms 
were found in twenty-one, or 100 per cent, of the cases. It is of interest 
to note that in several cases microscopic examination showed the pres- 
ence of m)’riads of gram-negative organisms, with a few scattered gram- 
positive organisms of the same type, which were at first diagnosed as 
t3'pical B. fusiformis, but which on culture proved to be gram-positive 
diphtheroids, which have the same size and shape as B. fusif omits. Even 
an experienced observer, therefore, finds it unsafe to trust mere micro- 
scopic examination in establishing the presence or numbers of B. fitsi- 
formis in the lesions. In tlie cases mentioned, actually only a few 
colonies of B. fiisiforntis developed, although large numbers of the diph- 
theroids were found. Cases were also encountered in which a large 
number of organisms which appeared to be r-ibrios was found, but which 
on culture proved to be B. fiisiforntis. 

In onh' three, or 14.3 per cent, of these twenty-one cases were the 
colonies of B. fusif oriiiis present in a concentration of from 50 to 60 
per cent or in tiie majority. In one case, or 4.75 per cent, 25 per cent 
of the organisms cultivated were B. fusiformis. In four cases, or 19 
per cent, between 5 and 7 per cent of the colonies were those of B. 
fusiformis. In the other cases, numbering thirteen, or 62 per cent, from 
1 to 4 per cent of the colonies were those of B. fusiformis. As in the 
case of B. mclattinogcnicuin, in enumerating these organisms one should 
actually count the various colonies found in order to arrive at any 
accurate estimate as to the percentage of various types of bacteria pres- 
ent, as it is easj" to overestimate the percentage of an organism which 
has so characteristic and striking a colony as B. fusiformis. 

Several different types of B. fusiformis were found in these lesions, 
the most numerous of which were the types I and II previously described 
by me,® Type IV is frequently seen microscopically in small numbers 
in the pus, but due to difficulties in cultivation, it is verj'^ hard to grow 
and count ft in numbers corresponding to those present in the lesion. 

In two of the six cases in which operation was performed, no fusi- 
form bacilli were found by microscopic examination or by culture. One 
case, microscopically negative, was positive b}^ culture. One case, weakly 
positive microscopically, was weakly positive by culture, colonies of B. 
fusiformis constituting about 0.1 per cent of the total flora. Two 

8. Varney, Philip L.: The Serological Classification of Fusiform Bacilli, 

J. Bact. 13:275, 1927. 
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cases that were weakly positive microscopically revealed on cvdtivation 
considerable numbers of fusiform bacilli. Of the six cases in which 
operation rvas performed, therefore, fusiform bacilli were found in four, 
and were absent in two. As in the case of B. iticloiiiiwcfciticuiii, the 
number of these organisms in patients undergoing operation was found 
to be greatly decreased. In general, the microscopic method for the 
detection of fusiform bacilli has proved to be less reliable and sensitive 
than the cultural test, contrary to general opinion. 


SPIROCHETES 

In only one of the twenty-one cases in which operation was per- 
formed was there apparently a greater number of spirochetes than of 
other organisms in the microscopic preparations. Since the relative 
numbers of these organisms can be determined only by comparatively 
unreliable microscopic methods, the numbers actually present cannot be 
checked by cultural controls. In two additional cases spirochetes were 
found in large numbers in the lesions, and in three cases in fairl}' large 
numbers. In eight cases, or 38 per cent, spirochetes were present in 
numbers corresponding to between one and five per field. In six sam- 
ples no spirochetes were found. Of the twenty-one cases, therefore, 
spirochetes were present in 71.4 per cent and absent in 28.6 per cent. 

Of the cases in which operation was performed, spirochetes were 
found in only two, and here w'ere present in small numbers ; one of these 
cases showed only one spirochete to each two fields examined, and the 
other, approximately one or two organisms per field. The other four 
cases were entirely negative even after long search. It is difficult, how- 
ever, to search for spirochetes in pus from an organizing wound, as the 
large amount of fibrin and cellular debris makes it almost impossible 
to stain the organisms and not stain the background to such an extent 
that the organisms are concealed. It may safely be said, however, that 
there is an almost total absence of spirochetes in the patients operated on. 

STREPTOCOCCI 

In only three of the twenty-one cases in which operation was not 
performed were colonies of Streptococcus hemolyticus found in numbers 
greater than a few per plate under anaerobic cultivation ; in these cases 
they constituted from 6 to 7 per cent of the total flora. In practically 
all the cases a few colonies were found on the plates, but in too small 
a number to be recorded. 

In five of the twenty-one cases. Streptococcus viridans was found 
in anaerobic cultures, to constitute a majority of the organisms present’ 
varying from 50 to over 80 per cent of the total number of colonies 
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present. In five other cases they were found in smaller numbers, and 
in eleven remaining cases they were found in very small numbers. 

In the aerobic cultures the numbers of streptococci were greatly 
increased over those cultured from the same material but incubated 
under anaerobic conditions. In four cases, 5". hcmolylictts constituted 
a majority of the flora, occurring in as great a concentration as from 
90 to 98 per cent. In three other cases they were found in large num- 
bers, varying from 10 to 20 per cent, and in five other cases they were 
found in only small numbers, constituting from 1 to 5 per cent of the 
flora. 

Under aerobic conditions, S. viridans was frequently found in large 
numbers, as well as constituting a high percentage of the total flora 
pre.sent; colonies of this organism constituted a majority of the flora in 
seven cases, the percentage varying from 60 to 100 jrer cent. The 
liquid portions of the pus ordinaril}- contained larger numbers of the 
streptococci than the granules. In six cases, from 22 to 40 per cent 
of the colonics growing were those of S. viridans. In four cases they 
were found in small numbers varying from 1 to 5 per cent of the total 
flora, and in the remaining cases, they constituted only a negligible part 
of the flora, only an occasional colony being found out of thousands 
present. Thus, of twenty-one cases in tvhich there had been no previous 
treatment, eighteen, or 85.7 per cent, were positive for S. viridans. 

Of the six cases studied in which treatment was given, four showed 
a high percentage of 6'. hcutolylicus, the percentage varying from 50 
to 99, under anaerobic conditions. Under aerobic cultivation, only one 
of these cases showed a majority of this organism present, and in only 
two of the six cases were colonies of S. hemolytiens encountered. In 
all of the treated patients there was a sharp decrease in the number of 
organisms of all kinds, with an increase in percentage of 5". hemolytiens 
over that encountered in the untreated patients. In contrast to the 
apparent increase in the numbers of 5". hemolytiens there was a total 
lack of colonies of S. viridans on any of the anaerobic plates, and in 
only one of the cases was this organism found on the aerobic plates. 

Small gram-negative and gram-positive cocci were encountered in 
many of the samples examined, the gram-negative organisms outnum- 
bering the gram-positive forms. These organisms were of several dif- 
ferent species, and apparently had no constant relationship to the 
material under study. 

In the table, no attempt was made to include the many organisms 
that were found, chiefly in small numbers, in only one or two of the 
samples studied, and that were probably saprophytic or derived from 
accidental contaminations from the sputum. 



J'ARNEY— BACTERIOLOGY OF LUNG ABSCESS 


1617 


In only two cases were pneumococci found in large numbers. In 
one case they constituted 20 per cent of the flora, and in another they 
were present in a concentration of 95 per cent under aerobic conditions. 
In the first case, the pneumococci were accompanied by hemolytic 
Staphylococcus aureus which constituted 42 per cent of the flora. 
Staph}-lococci were rarely encountered in this series of cases. 

coxcLtrsioxs 

Twenty-seven cases of chronic abscesses of the lung were studied in 
respect to their bacterial flora, twenty-one of which were from previously 
untreated patients. Streptococci, fusiform bacilli, B. mclanino- 
genicuni and spirochetes were the organisms most commonly encoun- 
tered in the material from the lesions of the untreated patients; S. 
viridaiis was found more frequentl}’ than 5. hcuiolylicus. In the treated 
patients, the fusiform bacilli, spirochetes and B. mclaninogcnicum 
greatly decreased in number or disappeared altogether, coincident with 
a relative increase of S', hcmolyficus. The bacterial flora of material 
from chronic abscesses of the lung showed a remarkable similarity to 
that from infected tonsils, cervical abscesses and diseased teeth and 
mucous membranes. 



7. EARLY CARCINOMA OF THE LUNG* 


S. H. GRAY, M.D. 

AND 

J. CORDONNIER, M.D. 

ST. DOUIS 

It is gencrall)' recognized that considerable light will be thrown on 
the histogenesis of cancer, especiall}' that of internal organs, through the 
study of early cases, and through the study of inflammatory or other 
irritative processes that may produce excessive epithelial proliferation. 
Much that would increase the knowledge of carcinoma of the lung was 
hoped for after the influenza epidemic of 1919 and 1920. One is 
struck, however, by the fact that although innumerable pathologic reports 
have been published on influenza, only a few mention excessive regen- 
eration of the epithelium of the lung that may possibh- be interpreted 
as significant in the etiology of carcinoma. Askanazy.' Glaus and 
Fritsche,- Winternitz and others," Wolbach and Frothingham ^ and 
Schmidtmann ^ have described epithelial proliferation that appears to 
begin in the bronchus and may invade the alveoli and in some instances 
the peribronchiolar tissue. Most of the cases described were found in 
people who died soon after the onset of the disease. In his recent review 
of this subject, Weller “ stated that not influenza itself but “the sequelae 
of influenza, so far as they bring about bronchiectasis or chronic fibroid 
pneumonia are of importance” as precursors of carcinoma. The latter 
pathologic changes may play a role irrespective of the organism or mech- 
anism that produces them. As early as 1876, Friedlander ‘ discussed 
this relation between certain pathologic conditions of the lung and 
carcinoma. 

Chemical and phj'sical irritants have also been emphasized as impor- 
tant factors in human and experimental carcinoma of the lung. This 
phase of the problem also is reviewed by Weller. 

* Submitted for publication, Oct. 21, 1929. 

* From the Department of Pathology, Washington UniversiO' School of 
Medicine and Barnes Hospital. 

1. Askanazy, M. : Cor.-Bl. f. scliweiz. Arzte 49:465, 1919. 

2. Glaus, A., and Fritsche: Cor.-BI. f. schweiz, Arzte 49:72, 1919. 

3. Winternitz, M. C. ; Wason, I. M., and McNamara, F. P. : The Pathologj- 
of Influenza, New Haven, Yale University Press, 1920, pp. 61. 

4. Wolbach, S. B., and Frothingham, C. : Influenza Epidemic at Camp Devens 
in 1918, Arch. Int. Med. 32:571 (Oct.) 1923. 

5. Schmidtmann, M. : Virchows Arch. f. path. Anat. 228:44, 1920. 
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478 (March) 1929. 

7. Friedlander, C. : Virchows Arch. f. path. Anat. 68:325, 1876. 
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The histologic picture of the lung in the case that we are about to 
describe has a few points in common with that recorded in some of the 
conditions just mentioned. However, the impossibility of finding any 
clinical relationship between the two and the fact that the changes in 
this lung are so much more advanced than those described in the other 
conditions leave us with no doubt but that we are dealing with an early 
carcinoma of the lung and not with a benign epithelial hyperplasia. Our 
study was brought about through an accidental observation in the routine 
microscopic study of a case that had given no clinical or gross anatomic 
evidence of any unusual pulmonary change. The relatively slight and 



Fig. 1. — Papillomatous hyperplasia of the epithelium of the ductus alveolaris. 
Hematoxylin and eosin; X 61. 


early involvement offers valuable information concerning the histogene- 
sis of multiple carcinoma of the lung. 

E. N., a colored woman, aged 78, entered the surgical service at Barnes Hospital 
suffering from a fracture of the right femur, sustained in a fall from a porch. She 
was mentally clear and alert. During her stay of one month in the hospital, there 
was ample time for obtaining a history. She said that she had never been sick, 
except for some vague diseases of childhood. \¥e can be reasonably sure that she 
had had no illness for ten years at least. Except for the condition of the lung, 
there was nothing of interest in the physical or postmortem examination. 

Grossly, the lungs were pale pinkish gray, mottled with black. In the right 
upper lobe the pleura was somewhat thickened, and on section there appeared'” to 
be an increase in connective tissue and coal pigment. At the apex, there was a 
minute calcified nodule. Because the changes were apparently slight, the whole 
lungs were not preserved. 
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After ail early carcinoma had been discovered microscopically, all the blocks 
of tissue that hatl been preserved in solution of formaldehyde and alcohol were 
cut serially. The .sections of lung tissue .slioived a moderate, fairly diffuse fibrosis 
(figs. 1 and 5), with small amounts of carbon particles embedded in the meshes of 
the connective tissue. In no place did the fibrosis suggest healed tubercles, but 
this did not absolutely rule out an old tuberclous process. The smaller bronchi 
were dilated, and their walls onlj’ .slightly infiltrated with l.vmphocyte.s. The 
broncliioles and ducti alveolarcs were markedly dilated and irregular, svith hyper- 
trophic epithelium. Small collections of lyniphoc,vtes and occasional plasma cells 
were found here anrl there in the lung. Many of tlic alveoli were emphysematous. 
Three small cancer ma.sse.s were foittui, which were distinct and separate from one 
anotiicr. 













m 




Fig. 2,— High power magnification of figure 1, showing the appearance 
cells. Hematoxylin anti cosin: X 244. 


Figures 1, 2, .1 and 4 are photographs from one of the tiny cancer nodules. 
Figure I shows a marked hyperplasia, papillomatous in appearance, of a ductus 
alvcolaris. To the left, one can sec the transition between the unusually tall one- 
cclled epithelial lining of the ductus alvcolaris and the many-celled neoplastic 
tissue ; to the right the tumor is seen in communication with emphysematous alveoh- 
Figure 3 gives a higlier power photograph of this transition. In the lower left 
corner of figure 1 arc a dilated terminal bronchiole and a ductus alveolaris. In 
the right center are two ducti alveolarcs in communication with alveoh. A litue 
above the center, tlie tumor extends into and lines an alveolus, tumor ce s 

can be studied better in figure 2. They are of medium size, with light staining 
nuclei ; nearer the base they are elongated, while at the surface the cells assume 

a polygonal shape. _ i • i • l s? 

Invasion of the lymphatics evidently occurs early; for this tumor, w-hicti is e 
than a milh'mefer at its widest, shows definite invasion of the lymphatics. igure 










Fig. 3. — Transition between Iiypertrophic epithelium of the ductus alveolaris and 
the papillomatous new growth. Hematoxylin and eosin ; X 269. 
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is a photomicrograph of anotlier area from the same tumor uodule sliowing small 
nests of cells in lymphatics. The cells show some irregularity in size and in shape, 
with nuclei which stain somewhat deeper than those previously described. 

Figures S, 6 and 7 picture the second tiny tumor. Figure S is a low power 
photomicrograph of the entire tumor mass, which consists of small islands of 
tissue lying in lymphatics. Figure 6, which is a high power photograph of the 
riglit upper corner of figure 5, is the only area in which there is a possible con- 
nection with an epithelial surface. The layer of cells along the right upper margin 
of the tissue might he taken for epithelium lining a ductus alveolaris, especially 
since in figure S the tissue lies at the opening of a distended alveolus. Unfortu- 
nately, all the tumor had been cut away when the routine sections were made so 
that serial sections of what remained of the block gave no further information. 
Figure 7 is a high power view of one group of cancer cells in a lymphatic, in 



Fig. S. — Photomicrograph of second small neoplasm. Afost of the cancer is 
seen in lymphatics. Hematoxylin and cosin; X Ul- 

which one maj' sec two questionable mitotic figures, and some variation in size, 
shape and staining quality of the cells. 

Although the third nodule was sectioned completely, no definite primary site 
could be detected unless figure 8 were interpreted as such. However, t ns is 
probably cancer tissue growing into an alveolus. In figures 9 and 10 tal«n rora 
the third nodule, differentiation of the invading tumor is apparent, in gure , 
a solid sheet of cells is seen in one Ij'mphatic, and a pseudo-alveolar arrang^en 
in another; in figure 10, flat elongated cells are found in a lymphatic. The oo 
vessels were not invaded by the cancer. 

The other organs did not show any change which might be connected wiOi c 
process found in the lung; no evidence of carcinoma was found in any ot er p 
of the body. 
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COMMENT 

One of the most interesting features of this early neoplasm is the 
origin of cancer of the lung from the ductus alveolans. The bronchi 
and bronchial glands have been accepted as definite sites of origin for 
cancer. The alveolar epithelium has been a doubtful source, although 
Ewing® has accepted it in his classification. We could find no refer- 
ence to the ductus alveolaris as a primary site. In view of this uncertain 
alveolar origin of cancer, especially since Fried® and Rose in their 
recent work have again seriously questioned an epithelial lining of the 



Fig. 6. — Possible point of origin of second tumor from a ductus alveolaris. 
Hematoxjlin and cosin; x 524. 


alveoli, we think that it would be of value to restudy the cancers to trace 
a possible origin from the ductus alveolaris. This is especially true of 
the multiple nodular carcinomas, which the case that is being presented 
resembles. 

If we had been more fortunate in the amount of tissue that had been 
preserved, we could have answered definitely the question as to the 

mt Philadelphia, W. B. Saunders Company, 

Pried, B. M.: Origin of Histiocytes in Lungs, Arch. Path. 3:751 (May) 
10. Rose, S. B.: Finer Stricture of the Lung, Arch Path. 6:38 (July) 1928. 
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nnilticentric origin of pulmonary carcinoma. There can be no doubt about 
the primary site in tumor 1. Although we think that figure 6 shows 
a piobable primary site in tumor 2, we cannot say so with certainty, 
lumor 3 is metastatic. J lie studies that have been made on this type 
of carcinoma of the lung favor a miilticcntric origin. Multiple cancers 
of the lung, however, may be produced in a way other than from mul- 
tiple piimar}' sites. The early invasion of lymphatics sends numerous 
small nests of cells to other parts of the lung. In a lung in which there 
has been an old inflammator\' lesion that has resulted in scarring, a large 
numbei of the lymphatics are blocked. The cancer metastases thus can- 



Fig. 7. — A higlier power magnification of figure S of the cancer tissue m a , 
lymphatic. Ilcmato.xylin and eosin; X 536. 

not proceed beyond the scar and grow in the region of this fibrosis. The 
neoplastic tissue can travel by retrograde metastases to other parts of the 
lung and there set up small cancer nodules. In the three small tumors, 
there was little difference in their size, even though one of them is 
probably a metastasis, thus denoting early invasion of the lymphatics 
and dissemination to other jDarts of the lung. It is even possible for 
the tumor metastases to get to the other lung by way of retrograde 
growth from tracheobronchial lymph nodes where the lymphatics of 
both lungs meet. This may be a more plausible wav, if the tracheo- 
bronchial lymph nodes have been the site of a chronic inflammatory 
process. Two sources must therefore be considered to account for multiple 
nodular carcinomas of the lung ; multicentric origins and early metastases. 
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Tumors 2 and 3 appear to be the most actively growing. The inva- 
sion of the lymphatics is extensive. Tlie nuclei stain deeply, and the 
cells vary in size and in shape. Figure S shows the marked differences 
in appearance that cancer tissue may assume at an early stage, when the 
new growth is as yet microscojjic in size. Few questionable mitoses 
were seen in any of the sections. 

The question of the relationship of this process to other processes 
that produce epithelial proliferation may be briefly discussed. The 
experimentally produced i)roliferation of the lung parenchyma such as 
that produced by Winternitz, Smith and IMcNamara by tracheal insuf- 
flation obviously plays no role in this case. 

We have mentioned the reported occurrences of epithelial prolifera- 
tion that have been observed in influenza, with which the condition in 
our case may be confused. No history of influenza was obtained, nor 
was there an}' history of infection of the lungs, although, to make 
allowances for the age of the patient and the possibility of poor memory, 
we har-e limited ourselves arbitrarily to ten }-cars as the period during 
which we can be reasonably sure that there was no infection. We have 
been unable to find tiie report of any case with a histologic picture simi- 
lar to the one described in which any relationship to influenza could be 
deternnned. The presence of connective tissue and the dilatation of the 
bronchioles may denote a previous inflammatory or irritative process; 
still, we have no means of determining the nature of that process. 

At Barnes Hospital, although many postmortem e.xaminations have 
been performed on people M'ho have had influenza, nothing resembling 
this change in the hing has been found. In a personal communication. 
Dr. MacCalium stated that he has had a similar experience at Johns 
Hopkins Hospital. It would be difficult to imagine the existence of this 
lesion for a period of many years, as one would have to suppose if the 
patient had had influenza at some earlier period. Furthermore, if there 
had been a history of influenza, the inclination would still be great to 
look on this pi'ocess as an early carcinoma, especially since one of these 
tumors in serial sections showed no relationship to an epithelial surface, 
and also because of the extensive invasion of the lymphatics and the 
marked differentiation of the epithelial nests. 

CONCLUSIONS 

1. An earl}’ primar}' carcinoma of the lung is described. 

2. The epithelium of the ductus alveolaris is found to be the primary 
site. 

3. Evidence is presented to show that multiple nodular carcinomas 
of the lung may arise from both multiple origins and early metastases. 

11. Winternitz, M. C.; Smith, G. H., and McNamara, F. P.: J. E.xper. Med. 
32:205, 1920. 



s. CONSEQUENCES OF VARIATIONS IN MEDIA- 
STINAL PRESSURE; MEDIASTINAL AND 
SUBCUTANEOUS EMPHYSEMA * 
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The following experiences and observations concern the effect of 
variations in mediastinal pressure in the experimental animal. Particu- 
lar attention has been paid to some of the consequences of mediastinal 
emphysema. 

We use the term “increased mediastinal pressure,” as did Jehn and 
Nissevr,^ in the same sense as “increased intracranial pressure.” 

Irrespective of the mechanism, any serious encroachment on the 
mediastinum must of necessity produce changes which are either local 
or general. Such changes may vary and may be dependent on the nor- 
mal arrangement of the anatomic structures in the region concerned and 
their resistance to stresses and strains. It is certain that in a closed 
thorax one structure cannot expand to any great extent except at the 
expense of another. Air can, of course, escape into the subcutaneous 
tissues through the jugulum or dissect along fascial planes. 

Graham - has shown that the presence of a liquid, gas or tumor in the 
pleural space may disturb the intrapleural pressures. Although all of 
these will exercise pressure on the lung, each operates in a slightly dif- 
ferent manner, liquids acting in accordance with the laws of hydrostatic 
pressure, gases in the absence of adhesions exerting an equal pressure 
throughout, and tumors exerting their chief pressure wherever they 
happen to be located. Similar substances occupying the mediastinum 
act in practically the same way. Graham ^ has also shown that in uni- 
lateral open pneumothorax the important matter is the amount of air 
which enters through the opening at each inspiration and the ability of 
the individual to compensate for the encroachment on his respiratory 


♦From the Department of Surgery, Washington University and Barnes 
Hospital. 

1. Jehn, W„ and Nissen, R, : Pathologic und Klinik des Mediastinalemphv- 
scms, Deutsche Ztschr. f. Chir. 206:221, 1927. 


2. Graham, E. A. ; Tlie Importance of the Vital Capacity in Thoracic Sur 
gcry. J. A. M. A. 75:992 (Oct. 9) 1920. 

.1. Graham, E. A.; Alterations of Intrapleural Pressure and Their Signifi- 
cairw, Medicine 3:417, 1924; A Reconsideration of the Question of the Effects of 
au Open Pneumothorax, Arch. Surg. 8:345 (Jan.) 1924. 
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surface wJifch is caused by (he open pneumothorax. The same may be 
said of mediastinal emphysema with the exception that the important 
factor in this case is the amount of air retained in the mediastinum. The 
retained air is inspired air which cannot be expired. The position and 
size of the opening which is allowing the air to escape into the medias- 
tinum is therefore of .some import. Granted that air does not escape 
into the subcutaneous tissue or that a pneumothorax does not develop, 
the acting meclianism will then be quite similar to that of an uncom- 
plicated valvular pneumothorax. Also of considerable importance, there- 
fore, is the pathwa)' which the escaped air takes. 

The normal pressure on the mediastinal structures has been roughh’ 
c.xpressed as being that of atmospheric pressure minus the jmessure 
exerted during the normal retraction of the lung (Assmann'*). 

AVe have tried in a general way to consider the consequences of 
variations in mediastinal pressure from the standpoint of those e.vpres- 
sive of either inspiratory or expiratory (dyspnea) distress. Attention 
has been paid to the effects of variations in mediastinal pressure on the 
great vessels. For it soon became evident that they may be readily 
compressed and the respiratory passages remain free as in cases of the 
so-called status thymico-l)'mphaticus. Anatomically considered, it is 
much easier for compression of the large blood vessels to occur than of 
the traclica or bronchi. Cyanosis and dyspnea were more often 
observed to be expressions of compression of tlie former than of the 
latter. Pulmonary compression and mechanically impaired heart action 
are considerations which demand considerable attention. For the 
resultant emphysema which may be patchy, unilateral hypoventilation 
of one hmg, hyperventilation of the other and the stagnation of blood 
in the lungs which in some measure is also due to hindered heart action 
may soon apparentiv lead to edema of tlie lungs and to the development 
of fluid in the pericardial cavity. The vital capacity can thus be quickly 
reduced. 

Edema of the tracheobronchial mucous membrane is, of course, 
another consideration. Such factors as carbon dioxide tension, hydrogen 
ion concentration and vagus regulation have received but scant attention. 
It is, however, appreciated that they must play a significant role in the 
experiments here recorded. 

We have recorded some of the variations in the arterial, venous and 
intrapleural pressures which result from changes in the size, shape and 
contour of the anterior and posterior mediastina. Changes noted in the 
respirations were also recorded. 

The results of our experimentation perhaps permit us to make some 
few clinical analogies throughout our discourse. 

4. Assmann, H. : Klinische Roentgen diagnosfik der inneren Erkrankungen. 
Leipzig, F. C. titk Vogel, 1929. 



1629 


BALLON-FRANCIS— MEDIASTINAL PRESSURE 
HISTOLOGY OF THE MEDIASTINUM 

The finer histologic structure of the mediastinum has recentlj 
received consideration at the hands of Seifert.= He has shown definitely 
that there is a histologic basis for the reason why the mediastina of 
various animals react differently to artificial pneumothorax. He noted 
that the histologic structure of the mediastinum is in some measuie 
dependent on the age of the animal and that the mediastinum in the dog 
resembles in the anatomic sense the greater omentum of the dog. He 
added, however, that it is not possible to determine on a purely histologic 
basis as to whether the function of both can be considered the same. 
Seifert showed, as is well known, that the mediastinum drains the pleura. 
Herrf arth « and others have pointed out that the pleural cavity drains 
readily to the mediastinum. We found that if india ink were injected 
into the neck it soon made its way to the mediastinum. When injected 
substernally above the level of the hilum of the lung, it soon found its 
way into the lung. When we injected india ink under the lower portion 
of the sternum it was observed after several weeks on the pericardium 
and pleura and in the mediastinum. But few ink particles were to be 
noted in the lungs. 

The mediastinum also apparently contains cells which have phago- 
cytic properties. The mediastinum of the rabbit has been found to be 
histologically and experimentally a denser and more resistant structure 
than that of other experimental animals. Between the pericardium and 
diaphragm, where the mediastinum surrounds the so-called bursa infra- 
cardiaca, the mediastinal pleura of the rabbit is made up of little fat 
nodules and fat conglomerate structures which resemble the similar 
bodies found in the greater omentum of the.rabbit. 

The mediastinal pleura of the human adult is denser and thicker than 
that of the child and than the analogous membranes of the various 
experimental animals. The mediastinal pleurae of the rabbit and 
monkey, Seifert stated, do not resemble the greater omentum in the same 
way as the mediastinal pleura of the dog which in this respect closely 
resembles that of man. 

TECHNIC 

Practically all our experiments were performed on rabbits, because the medi- 
astinum of the rabbit is best fitted to stand stresses and strains — more so than 
other animals which would be suitable for such experimentations. 

The arterial pressure was recorded by means of a cannula which had been 
introduced into the carotid artery and connected up with a mercury manometer. 
The venous pressure in the jugular vein was recorded by means of a water 

S. Seifert, E. ; Ueber den feineren Bau des Mediastinum, Arch f klin Chir 
151:237,1928. i^un. wnir. 

Infektiositat der Pleura, Zentralbl. f, Chir. 
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manometer winch was fitted up with a cork rider and a very fine, thin-bored, glass 
recording arm. A glass tube was introduced into the trachea and recorded respira- 
tions on a tambour wliilc the intrapleural and mediastinal pressures were recorded 
on two pneumothorax apparatus. Other details with regard to the technic of the 
experiments will be noted under the experiments which they concern. 

Tile use of the pneumothorax apparatus together with the taking of roent- 
genograms at intervals and injections of iodized poppy seed oil 40 per cent per- 
formed at the end of the experiments in most instances enabled us to observe the 
presence or absence of a pneumothorax and quite often permitted us to recognize 
when a pneumothorax had developed. For although the development of a pneumo- 
thorax is often due to faidtj- technic, there are other occasions when it obviously 
means only that the increased mediastinal pressure was greater than the mediastinum 
could withstand. 


.\NATO.\rV OF THE JIEDIASTIKUM 

The weak point.s of the mediastinum are under the sternum, where 
the thymus normally lies and behind the heart where both mediastinal 
pleurae come iu contact. Two triangles are thus formed, the uppermost 
one having its apex where the heart begins and the hwermost one har- 
ing its apex take off from the apex of the ujtpermost. The anatomic 
arrangement of the mediastinum, therefore, predisposes to the localiza- 
tion of fluids which collect in the mediastinum. But they do not become 
encapsulated. The resorptive powers of the mediastinum are greater 
than those of the pleural cavities or of the abdominal cavity. 

It is perhaps best to consider that the mediastinum consists of an 
anterior and posterior compartment. The anterior mediastinum is made 
up of. the so-called trigomim thymicum {mediastinum supracardiacum) 
and of the triangle occupied by the heart and great vessels. The anterior 
mediastinum, therefore, lies in front of the root of the lung, the posterior 
mediastinum behind the root of the lung. 

In the mediastinum supracardiacum the first layer that one meets 
directly under the sternum is loose fatty tissue, which is, in man, for 
the most part, the remains of the tln’inus gland. Willis ‘ has shown 
that the tracheobronchial lymi)h nodes of the rabbit are small but that 
the thymus is extremely large. The second layer is formed by the 
innominate veins and bv the inferior thyroid veins and the internal mam- 
mary veins, both of which empt}' into the first mentioned veins. The 
next structure which is met and which lies for the most part in the mid- 
line is the superior vena cava. It is well to remember that the lower 
half of the superior vena cava is covered by pericardium and is therefore 
not visible. The great vessels in reality pierce the pericardium. The 
third layer is composed of the arch of the aorta and the branches which 
it gives^ off. The posterior portion of the third layer and the fourth 

7. Willis, H. S.; Studies on Tuberculosis Infection, Tradico-Broncbtal 
Lymph Nodes of Rabbits and Their Blood Supply, Am. Rev, Tubcrc. 14:237, 1926. 
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kver composed of the trachea and the esopliagits lortn the anterior waJi 
of the posterior mediastinum. Other structures to be con^idereti m v 
posterior mediastinum are the scmipathetic ner\-es. the recurrent lar\-n- 
geal nerr-es and hmiph glands. The auachments of the diaphragm, ine 
cardiophrenic angles and particularly the relationship oi^ the a-ariou^ 
structures mhiclt leave the mediastinum and perforate the diaphragm are 
of extreme importance when considering the consequences of increased 
intramediastinal pressure. The foregoing descriptions concern in gen- 
eral the anatorav of man. hut the anatomy of the rabbit in this region 
differs in no essential practical manner. 

Under the mediastinal pleura, on either side ot the mediastinum 
supracardiacum. lie the phrenic neri'es and medial to them both the \agi. 
cardiac depressor and other nerves. 


EXPERIMEX'TS WITH KCBEER B.M-LOOX IN" MEDI.tS i IXL'M 

These experiments illustrate the effects of sudden confined increase 
in mediastinal content and pressure and how these effects can be made 
to disappear just as readily as they came by reducing the confined pres- 
sure. provided, of course, that the increased pressure is not kept up too 
long or the procedure repeated too often. The consequences, which were 
local and general, %-aried directly with the e.vtent to which the bslloon 
had been inflated and the position which it ocatpied in the mediastinum. 

The usual technic was observed in these e.vperiments. A little rub- 
ber balloon rvas attached to either a glass or rubber tube and connected 
up with a s}Tfnge or pneumothorax box and placed in the mediastimun. 

ExPSSljtEXT I. — ^The left intrapleural pressure was — S. zna the richt intra- 
pleural pressure — 10, 0. The mere taking of pneumothorax readings sometimes 
caused a slight temporary drop in blood pressure Fifty cubic centimeters of air 
was infected into the balloon. Part of this air occupied the dead space in the 
glass tube. The left intrapleural pressure then became — I-?, and the right intra- 
pleural pressure — 4. An addhional 50 cc. of air was then infected, and a roent- 
genogram showed no evidence of pneumothora.x. The intramediastinal pressure 
was now suSdent to compress both the carotid artery and the trachea so that thej- 
were recorded on the tradng as straight lines. 

FxPEaijrEX'r 2. — The right intrapleural pressure was — A — S. and the left 
intrapleural pressure — 8. 0. Ten cubic centimeters of air infected into the balloon 
which had been placed in the posterior mediastinura, caused a slight drop in blood 
pressure ; after an additional 10 cc. of air had been infected, there was a gradual 
rise in blood pressure. The blood pressure remained unaffected after another 20 cc. 
of air had been infected. The roentgenograms showed no evidence of pneumo- 
thora-x. The left intrapleural pressure was ~6, 0. and the right intrapleural 
pressure — 6, 0. Some of the air had in the meanwhile nndoabtedlv regurgitated 
It was only after another 20 cc. of air and 6 cc. of iodized od had been Introduced 
into the rubber balloon that the left intrapleural pressure became — 4. n_2 and the 
right intrapleural pressure —2. A- E The animal died shortly afterward ^ 
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Postmortem examination showed the posterior mediastinum to be distended. 
There wa.s a .slight rent in the ru?)her hafloon and some iodized oil had escaped. 
The anterior mediastinal septum and the heart ii’crc pushed over to the left. It is 
thus to he noted that in spite of an undouhted slight right-sided pneumothora.x the 
mediastinal contetits were apparently displaced to the same side as the pneumo- 
thora.v. The diaphragm was not raised. The intercostal spaces were equal. 

I'.xi’j iii.Mi..N'T 3. T he same technic was employed that was used in e.xperiments 
1 and 2. After 5 cc. of air had been injected into the balloon, which had been 
placed in the posterior mediastinum, marked irregularity in the blood pressure and 
respiratory curve were noted. As the air in this experiment was injected by a 
-syringe, it could he entirely released or kept in the balloon at will. A control 



Fig. 1. — In A, note the rubber balloon whicb has been placed into the posterior 
mediastinum and inflated by 25 cc. of air. The balloon has also been visualized by 
making injections of iodized oil info it. The heart has been compressed against 
the sternum. During the e.xperimcnt the balloon burst and air escaped into the 
posterior mediastinum, where it can be seen. B shows the same as A, except that 
2.5 cc. of iodized oil has been injected intratracheally. 

roentgenogram taken at this period showed no evidence of pneumothora.x. The 
left intrapleural pressure was —4, 0, and the right intrapleural pressure —2, 0. 
Five cubic centimeters of iodized oil was then injected into the rubber balloon so 
that it could be visualized. This act was followed by e.xtreme irregularities in the 
blood pressure curve, as the record indicates. The respiratory curve showed but 
slight oscillation. The trachea was undoubtedly compressed, and the resulting 
forced respiratory efforts were responsible for the marked changes in blood 
pressure. Several plates were then taken, and the lateral view (fig. 1 zf) 
suggested that some air had escaped into the mediastinum and perhaps into the 
pleural cavities. It was impossible to obtain any definite readings with the 
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pneumothorax needle because of the tracheal compression and consequent lack ol 
respiratory excursion. The animal died in asphyxia, and a roentgenogram ta -cn 
immediately after death showed the heart to be markedly dilated. The amount of 
cardiac dilatation was more than could have been expected even if the heart hac 
ceased beating during diastole. The lower end of the rubber balloon was found 
to extend well down over the heart, aitd it had undoubtedly liindercd heart action. 
A small amount of iodized oil was found in the right side of the thorax. The 
vessels of both hila were full, engorged and constricted above the cngorgemcMit, 
particularly the vessels of the right hilum. There was a small amount of clear 
fluid and air in the pericardial sac. The balloon was still much distended and also 
occupied the greater part of the posterior mediastinum. A small rent in the 
balloon was discovered. The left lung was fully distended, that is, in almost full 
inspiration. The right lung was somewhat shrunken and atelectatic, but not in 
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Fig. 2 (experiment S).— On Dec. 5, 1928, a rabbit weighing 3 Kg. was given 
1.1 Gm. of sodium barbital intraperitoneally. A rubber balloon was placed in the 
posterior mediastinum and was connected with a syringe. Six cubic centi- 
meters of air had previously been injected but allowed to escape. At A, 2 cc. of 
air was injected and then allowed to escape from the balloon. At B, S cc of 
air was injected, and the blood pressure curve was registered as a straight line. 
When the injected air was allowed to escape, the blood pressure was again regis- 
tered. At C, 4 cc. more air was injected and temporarily not allowed to 
escape from a rubber balloon which this time compressed the trachea. 


the phase of what would be considered complete and full expiration. The right 
lung showed marked patchy pulmonary emphysema. The upper lobe of the left 
lung showed peripheral emphysema. Both lungs were congested, particularly the 
right. The inferior vena cava was compressed at one point. This was perhaps 
due to the downward displacement of both diaphragms and also to the presence of 
free air in the posterior mediastinum. The posterior mediastinum was so dis- 
tended that on ordinary inspection of the roentgenogram just after death a 
pneumothorax was suspected. 
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Ihe inilia! change in the hlood pressure following the injection of 
air into the rubber balloon which was placed in the mediastinum was 
always a fall in blood jiressure. This fall in blood pressure was perhaps 
more marked when the balloon was in the anterior mediastinum. This 
might be expected, for a sudden increase in the vertical diameter of the 
rubber balloon would of necessity more directly impair heart action and 
be more likeh’ to compress the great vessels. Compression of blood 
vessels, particularly of veins, was found constantly in this series of 
experiments. If when the hlood vessels at the root of the lung were 
compressed the main bronchus was also encroached on, then the lung 
would be even more collapsed (liypoventilation) although peripheral 
emphysema could be ])resent and the corresponding dia])hragm not nec- 
essarily elevated. The opposite lung would be overdistended and give 
evidence of marked compensatory emphysema (hyperventilation). The 
liver was also observed to he engorged on several occasions. AVe did 
not observe any such gross changes in the sjjleen. but such changes were 
suggested in the kidneys on three occasions. 

When the foregoing experiments were repeated and the injected air 
aspirated or allowed to escape, then the hlood pressure and respirations 
which were I'egistered as a straight line would immediately return to 
normal. Throughout such an experiment it would be the blood pressure 
and not the respirations which would show the most marked changes. 
If the mediastinum is repeatedly acutely distended and the trachea or a 
main bronchus compressed, then pulmonary emphysema will usually 
develop. 

Graham '' has shown that distention of the capillaries induces a 
diminution rather than an increase in the size of the alveoli. He was 
able to show e.xperinientally that the ah'eoli of the lobe the capillaries 
of which were distended were much smaller than the alveoli the capil- 
laries of which were not distended. 


TKACH EAL FISTULAS 

B}' cutting out windows in the trachea at various levels, it was possi- 
ble to study the production of mediastinal and subcutaneous emphysema 
in a manner which is quite similar to that occurring in man as a result 
of injuries to the trachea and bronchi. 

When the trachea was being operated on, slight irregularities in the 
blood pressure and respiratory curves were noted but there was soon 
a return to normal. When a window was made in the trachea low down 
and posteriorly, then mediastinal emphysema developed fair!}' regularly. 
The emphysema extended to the anterior mediastinum and was to be 

8. Graham, E. A.: Cautery Pneumcctomy, personal communication to tlie 
authors. 




Fig. 3 (experiment 4) — rJ, normal control plate. C shows that the thorax has increased 
in size. The diaphragm has descended. The intercostal spaces are widened. The heart has 
been displaced to the right. Air has dissected retroperitoneallj' and has outlined the kidneys 
and perirenal tissues and has even extended to the lower limbs. In B, note the tremendous 
subcutaneous emphysema which developed in a rabbit consequent to the production of an experi- 
mental tracheal fistula. Note also the sharp outline of the muscles o^ the neck and of the 
skeleton, and the size and position of the heart, diaphragm and the thorax as a whole Plates 
of the upper (C) and lower (D) portions of the body have been joined to each other to give 
a view of the whole body. ° 
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l)urticul:irly noted dissecting np the mediastinal surface of the sternum. 
It also s]5reacl to the liini)s over the anterior wall of the chest and in the 
axillae following along the fascial sheaths of the axillary vessels. The 
thorax on certain occasions actually increased in size, as the following 
experiment demonstrates. 

I'.xrcRiMKXT 4. — Al 10:40 a. in., control roentgenograms were taken. 
triangular window was then made in the trachea posteriorly and low down. The 
trachea was tlien allowed to drop hack and the muscles and skin sutured tightly. 
A lateral roentgenogram showed that the thorax had definitely increased in size. 
-At 11:06 a. in., the left intrapleural pressure was — 6, — 4 and the right intra- 
pleural pressure — 2, — 7. At 2 p. m. ffig. 3, B and D), marked subcutaneous 
emphysema was noted. Marked collections of air were to be noted in the neck and 
axillae and to a lesser degree along the lateral aspects of the lower abdominal wall. 
Posteriorly, the emphysema stopped at the superior nuchal line. At 2 : 05 p. m.. 
both intrapleural pressures were — 6, 0. The animal had been under great 
respiratory distress for some time. Dyspnea was marked and respirations were 
noisy. The animal was then photographed. After a few convulsive kicks, the 
animal died (4:25 p. m.). Roentgenograms were now taken and showed that the 
thoracic cavity had increased in size. The intercostal spaces were widened and the 
heart definitely displaced to the right. The extensive emphysema presented a 
picture which suggested a bilateral pneumothorax. 

Both kidneys appeared to be outlined by air which had dissected down into the 
retroperitoneal spaces. That such was the case was verified at necropsy. The 
x-ray shadow which suggested an air outline of the kidneys and perirenal tissue 
could be definitely differentiated from the diaphragm. Emphysema of a consider- 
able degree could be observed in the anterior and posterior mediastina. Both 
lungs showed evidences of pulmonary emphysema. 

THE COUKSE AIR MAY TAKE IN THE PRODUCTION OF 

mediastinal and subcutaneous emphysema 

Tlie air whicli reaches tlie mediastinum may take several courses. It 
may .spread subfascially (Braiter”), that is, between the costal pleura 
and the intratboracic fascia. In man, air which collects in the medias- 
tinum may give a sharp contour to the great vessels. 

The most severe type of mediastinal emphysema results, as Sercer 
and Peicic have pointed out, when the lung itself is injured, as during 
pneumothorax treatment. So. too, rupture of an emphysematous bleb 
or of a cavity may allow air to dissect at first iuterstitially and then to 
the hilum of the lung; from thence into the mediastinum subfascially 
and even over the entire body. It is possible for air to dissect up all 
along the trachea to the floor of the mouth, extending under the base of 
the tongue which becomes raised. So, too, it is well to remember that 
the air follows with predilection the normal fascial planes, particularly 
the sheaths which surround blood vessels. The axillary and femoral 

9. Brauer, cited by Sercer and Peicic: Beitr. z. Klin. d. Tuberk. 53:123, 1922. 

10. Sercer, A., and Peicic, R. : Ein Beitrag zur Kasuistik der Todesfalle beim 
kiinstlichen Pneumothorax, Beitr. z. Klin. d. Tuberk. 53:123, 1922. 




^ o- s e \\v\e 

• • pressure noted in the curve represent the effect of the 

injection of 10 cc. of air into the anterior mediastinum. B, this portion of the original tracin<r ( 
was recorded after 10 cc. of air had been injected into the anterior mediastinum. This amount tls 
injected over a period of about one hour in five separate amounts. 
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vessels may llnis he compressed. Then again, not only may the air 
extend retrojicritoneally and outline the kidne3’s, but we have observed 
it around the renal vessels and ureter. 

When the trachea is injured then tlie air may dissect downward, and 
when it dissects from above down, the subcutaneous emphysema is 
usually marked and mediastinal emj)hysema exists to a lesser degree. 
Severe mediastinal emphvsema may also develop from a tension pneu- 
njothora.v. 



Fig. S. — Anterior mediastinal cmplivscraa. A window has been made in the 
lateral wall of the chest and the lungs have been allowed to drop back. Air had 
previously been injected into the anterior mediastinum. Note the emph 3 'sematous 
blebs in the loose tissue of the anterior mediastinum. The pericardium, which 
also shows emphysematous blehs, has been opened. 

Experimcnt S.— At 3:47 p. m., the initial right intrapleural pressure was 
— 6, —8, and the left —8, — 10. A low left anterior tracheotomy was performed. 
At 4:20 p. m., the blood pressure registered 95 mm. of mercury, which indicated 
a slight rise. At this stage of the e.xperiment pressure on the animal’s neck or 
axillae would cause a slight drop in Wood pressure. At 4:34 p. m., the blood 
pressure was 100 and both pleural pressures — 12, — 10. The animal’s limbs were 
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then released. This relieved skin tension. Slightly more subcutaneous emphysema 
then developed. At 5:08 p. m., the left intrapleural pressure was -2 10, an 

the right intrapleural pressure -8,-6. The skin over the neck was bluish. The 
blood pressure was 45 mm. of mercury. Respirations were now labored and rap h 
Definite emphysema could be observed over the right side of the thorax. The 
entire thorax seemed to move as a whole. At times the excursions of the right 
side of the chest were a little more marked than the left. The fistula m this 
animal was so placed that the surrounding tissue could partially occlude it ; hence, 
mediastinal emphysema was not marked In none of these experiments did the 



Fig. 6.— Posterior mediastinal emphysema. Drawing from actual specimen. 
Note how the “emphysema” surrounds and compresses the trachea, esophagus and 
vessels at the root of the lung The right lung is somewhat collapsed. 

injected iodized oil make its way into the mediastinum. This was, in all prob- 
ability, due to the accumulation of secretions within the trachea, to the viscosity of 
the oil and to the fact that the surrounding tissues always partially occluded the 
opening in the trachea. 

In the foregoing experiments with tracheal fistulas, when mediastinal 
emphysema was marked, then subcutaneous emphysema was slight, and 
vice versa. The animals in these experiments usually died from die 
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consequences of mediastinal and subcutaneous emphysema, from medias- 
tinitis, or from a pneumonic process which was usually severe. Com- 
l)inations of llie forej^oing conditions also occurred. Thus, in animal 4, 
a window had been made in the trachea low down and posteriorlv. The 
animal died on tlie third day. Subcutaneous emphysema could be noted 
over the neck and thora.x. and slight emphysema in the anterior and 
posterior mediastina. pncimionic process could be demonstrated in 
the left ui)])er lobe, also ])atches of pneumonia throughout the right lung. 

whitish sticky secretion could be expressed from the trachea. The 
neck wound was quite clean, and the fi.stulous o])ening slightly infected. 

Gold ” has .shown that in dislocating the thyroid gland during thy- 
roidectomy air can be sucked into the media.stinum. He added that 
mediastinal em])hysema is a ty])ical complication of substernal strumec- 
tomy and that the collections of air which can be demonstrated remain 
for some time. He further noted that the treatment of mediastina! 
emphysema with the negative pressure apjxiratus (“Unterdruck Apparat 
Lebsche-Sauerbnich"’) does not give satisfactory results in such cases. 
It is not uncommon to find blood staining the entire mediastinum after 
operations in the neck. 

Mediastinal emphysema has been observed after pulmonary lobec- 
tomy, both clinically and e.xperimentall}-. Graham,® in a large series of 
cautery pneumectomies. never observed mediastinal emphysema after 
this ])rocedure. In a series of experiments on lung healing (Olch and 
Ballon'-), although portions of lung tissue were excised and middle 
sized bronchi were cut across, in no instance did mediastinal emphysema 
develop. In one animal, at the suggestion of Dr. Graham, large bronchi 
were cut across and were then intentionally sutured so that thei'e was 
absolutelv no apjjosition of the cut ends of the bronehi. Tremendous 
mediastinal and subcutaneous emphysema resulted. The animal died on 
the fourth da}'. The lung wound appeared to be healed. An injection 
of iodized oil failed to show any injection of the lung tissue beyond the 
points where the bronchi had been cut off. Although some air may 
have escaped into the pleural cavities, quantities of air must also have 
escaped from the interstitial tissue to the root of the lung. In this 
instance air was noted even under the base of the tongue and around 
the ureter. 

11. Gold, E. ; Ueber iMediastinalemphysem nach Strumekfomic, Hitt. a. d. 
Grenzgeb. d Med. u. Chir. 37:352, 1524; discussion in Arch. f. Win. Chir. 138: 19 j. 
1925. 

12. Olch, I. Y., and Ballon, Harry C. : Experimental Lung Abscess Followni.ff 
Ligation of the Pulmonary Artery, unpublished communication. 



1641 


BALLON-PRANCIS— MEDIASTINAL PRESSURE 

the effects of the injection of air into the 

ANTERIOR AND POSTERIOR AIEDIASTINA 

We noted in the following experiments that when the injected an 
, .iven sufficient time to spread and diffuse, the blood pressure would 




(D locc iSc 

Fig. 7. — Tracing which shows the changes in venous pressure and arterial 
pressure following the injection of small quantities of air into the anterior medias- 
tinum. 

again return to normal in several instances. For, if the quantity of air 
injected were not too great, then after the air liad diffused the heart 
action would become free. It has been shown, and we were able to 
verify the fact, that large amounts of blood can apparently become stag- 
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imnt in the liwg without producing marked pressure changes in either 
the greater or lesser circulations f Straub 

It is also to he noted that mediastinal pressure can become definitely 
positive before ])neuniothorax need develop. 

ni.NPi RiMi.iVT 6. A ralibit weiphiiig 2 Kg. was given 1 Gm. of sodium barbital 
intrnpcritoncally and was prepared in the usual way. Tlie initial intrapleural and 
mediastinal pressures were all negative. After ISO cc. of air had been introduced 
into the mediastinum, the right and left pleural pressures were 0, — 6. The 
mediastinal pressure was 4-2. Two roentgenograms were then taken but did not 
show any evidence of pncumotliora.v. Shortly afterward, the left intrapleural 
pressure became +6. the right —10, —5 .and mediastinal pressure 0. Further 



Fig, 8. — Right pneumothorax. This figure demonstrates that unilateral pneu- 
inothora.x is possible in a rabbit The bronchial tree has been outlined by the 
injection of iodized oil. An ordinary roentgenogram in this instance suggested a 
bilateral pneumothorax 

injection of air produced asphyxia and caused the death of the animal. The left 
side of the diaphragm was found to be ballooned out, almost ei’entrated and much 
lower than the right side. The heart was compressed against the sternum and 
the left lung slightly collapsed. There were evidences of anterior and posterior 
mediastinal emphysema. 

ExPi RiJiENT 7. — A rabbit, weighing 2.6 Kg., received 0.78 Gm. of sodium 
barbital intrapcritoneall_v, and adequate general anesthesia was given. Air was 
then injected into the anterior mediastinum through a needle which was connecte 

13. Straub, H. : Ueber den kleiiien Kreislauf, Deutsches Arch f. klin. Jilcd 
121:394, 1917. 
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a pneumothorax apparatus. The right intrapleural ^ ^ 

intratilc iial pressure -4, -2. and mediastinal pressure -2, -4. Alter control 
;;S'rA» 75 cc. a. was ' "C” 

S'"A 

respiratory rate and a shortening of the respiratory excursion follottec Jhc blood 
pressure soon returned to normal, although the respirations continued to be shal- 
low Another 50 cc of air was injected and produced even a more marked d op 
m blood pressure. The left intrapleural pressure was -1-2, -1-6, and the right 



Fig. 9. — Heart tamponade. This drawing illustrates an experimentally pro- 
duced hcmopncumopcricardium. The heart muscle had been directly lacerated. 
Air entered the pericardium and also the anterior and posterior mediastina and 
produced the large emphysematous blebs which compressed the lungs, as illustrated. 
These emphysematous blebs occupied the greater portion of the lower part of 
the thorax and suggested the presence of a pneumothorax. 


— 4, — 6. -From this stage on, whenever the pneumothorax needle was introduced 
into the pleural cavity a definite but temporary fall in blood pressure would occur. 
After another 50 cc. of air had been injected, the mediastinal pressure became 
-f 8, the left intrapleural pressure -f 6, + 8, and the right -F 2 A marked fall in 
lilood pressure was now observed. Respirations were regular. Five minutes after 
this last injection of air, the animal began to show definite signs of asphyxia The 
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left ijitrnplcum! pressure uas then +22, ami the right +6 (cm. of uatcr). 'jlic 
roentgenogram rcvc*ile(I a dennite left-sided pncuiuothorax and suggested the 
presence of a small nnioimt of air in (he right costophrcnic angle. The animal 
soon died. The heart and mediastinal contents were found to be displaced t\ell 
oscr to the left. Suhcntancoiis emphysema and mediastinal emplnsema ncre 
csident Xo mediastinal tear could he demonstrated even though iodired oil vas 
injected into the mediastinum under considerable jiressure. Tiie jiressurc eserted. 
howeser, may ha\c heen entirely expended in forcing the iodi>'ed oil through the 
needle 

It becomci) evident tlint jtist as mediastinal einphysema may be a 
consequence ol a jnieumothorax. so may a pneumothorax in certain 
instances tindoulttedly be due to what was originall}’ a mediastinal 
emphysema. Satierltrucb has shown that mediastinal emphysema may 
be a consequence of a tension pneumothora.x and that the reverse may 
also occur. It would, therefore, seem likely that a tension pneiimothora.x 
may later develoj) into a mediastinal emphysema, the result of a pneumo- 
thorax or even of mediastinal emphysema. It is well to remember that 
the cardinal signs of iieiietrating wounds of the thorax are subcutaneous 
emphysema, pneumothora.x and bleeding (Haim If the lung itself 
has been injured, then the subcutaneous emphysema is usually an 
expression of mediastinal emphysema. In a discussion on injuries of 
the lungs as a result of contusions of the wall of the chest. Sauerbruch 
noted that, if the trachea is tied off and the wall of the chest traumatized, 
in 50 per cent of instances in the experimental animal a rupture of the 
lung will occur. One of the consequences is pneumothorax, and it is 
in such cases as we have already noted that the severest type of medias- 
tinal emphysema may develop. Before mediastinal emphysema does 
develop, however, the affected i>leural cavity becomes distended and the 
lung collapsed. The enclosed air. therefore, can compress the heart, 
other mediastinal contents and the opposite lung. Air continues to enter 
the affected thora.x even though the lung is collapsed because air can 
enter the main bronchus and can escape tlirough the tear in the lung. 

If there is in addition a tear in the mediastinal pleura, then a tension 
pneumothora.x ma}' develop and subsequenth’ mediastinal and subcuta- 
neous em])h}'sema. 

It has been shown that the lung tissue may be so injured that when 
air enters through the bronchus it can escape into the loose tissues, but 
that during expiration the injured lung tissue around the open bronchus 

14 Sauerbruch. F ■ Die Bccleiitung des iMcdiasfinaleiTiphysems in der Patho- 
logic des Spannung>;pneumothorax, Beitr. 7 Win Chir, 60:450, 1908 

15 iraim' Ueher penctriercndc Tharaxvcrletnwgen, Deutsche Ztschr f 
Chir 79:269, 1905. 

16 Sauerbruch, F ■ Die Chirtirgie der Briistorganc, Berlin, Julius Springer. 
1925 
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is sucked into the lumen of the tear in the lung if it includes a bronchus ; 
hence, the inspired air which has been drawn into the injured pleural 
cavity cannot be expired and cannot escape except through the routes 
previously mentioned. Pain could also cause a splinting of the affected 
side ; and as cough when the glottis is closed would tend to increase the 
intra'pulmonary pressure, this factor would also tend to keep the tear in 
the lung from closing. 

It is difficult to prove that the mediastinum which separates the 
pleural cavities enables them to function independently. Figure S 
shows how in a unilateral pneumothorax in a rabbit the mediastinal con- 
tents can be pushed right over into the opposite side of the chest. This 
observation, of course, agrees fully with the mobility of the human 
mediastinum and the tendency of changed pressures to become equalized 
throughout the thorax, which were extensively discussed by Graham. 
We studied the degree of pneumothorax which developed after death in 
one animal. We observed no evidence of pneumothorax fifty-five min- 
utes after the death of the animal. 

In determining venous pressures by the method already referred to. 
no sharp sudden changes were noted. Only gradual rises and falls in 
the venous pressure were observed. By the method which we employed, 
it is occasionally possible to demonstrate slight changes with the phases 
of respiration. In animal 14, air in quantities of 10 cc. was injected 
into the anterior mediastinum and rises of 3 cc. were noted in the water 
manometer. Our experiences with venous pressures in these experi- 
ments do not permit us to make any absolute statements. For at times 
the injection of a small quantity into the mediastinum will produce a 
rise in venous pressures and on other occasions a drop. Nor need there 
be, according to our present experience, a rise in venous pressure when 
there is a fall in arterial^ pressure, although transitory terminal rises in 
I’enous pressure (preasphyxial and asphyxial) concomitant with the fall 
in arterial pressure could be observed. 

The following experiment illustrates how the picture of pressure on 
the pericardium and of heart tamponade resembles that due to media- 
stinal emphysema (Sauerbruch). 


HEART TAMPONADE 

The left intrapleural pressure was -4. -12. and the right intrapleural pres- 
sure -6. -10. Whenever a needle was pressed against the pericardium, slight 
irregular falls m blood pressure were noted. The blood pressure quickly recovered 
when the needle was withdrawn. When the needle was inserted into the peri 
cardium from the lower end of the sternum, then a drop in blood pressure of 
-0 ram. of mercury was noted. Any pressure on the needle, no matter where it 
was placed over the heart, alwavs caused a fall in blood pressure. The fall i 
h ood pressure was apparently directly proportional to the pressure exerted No 
significant changes in respiration were noted, although the respiratorv exetsfon 
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sometimes became smaller ami tlic rale .somewhat slowed When an incision was 
made over the lower aspect of the sternum, then the blood pressure dropped and 
grew irregular, and respirations became rapid. When a large sucking wound had 
been produced in the pericardium, the animal .soon succumbed. At necropsy, a 
small opening was found in the pericardium. .A hcmopneumopcricardium was 
present. There were also large cniphy.scmatous blebs in the anterior mediastinum 
and some emphysema in the posterior mediastinum. The lungs showed marked 
peripheral emphysema. 

It is to be noted that some blood escaped from the animal’s mouth before death. 
Where this blood came from was not quite certain. It is known that when 
the intrapulmonary jiressurc is reduced, biccfling from the lung may occur 



Fig, 10. — Introduction of a solid into the anterior mediastinum. Three cubic 
centimeters of a mi.xture of paraflin and iodired oil have been injected into the 
anterior mediastinum and have solidified. This mass caused some compression 
of the mediastinal contents, particularly of the trachea. The animal died of 
edema of the lungs. There were, in addition, some evidences of pulmonary 
emphysema. The heart was large. The tracheal mucous membrane was reddened. 

(Hoffmann”). The question might be raised, however, as to whether or not the 
pulmonary emphysema in this case may not have been due to some aspirated blood. 
The roentgenograms taken after death were misleading because the emphysematous 
blebs crowded the left side of the thorax and therefore suggested a pneumothorax. 
The liver was somewhat engorged with blood The more immediate cause of t e 
death of the animal was undoubtedly due to the effects of the so-called heart 
tamponade. 

17, Hoffmann, F. A. Erkranknngen des Mediastinums, in Nothnagel : Specielle 
Pathologic und Therapie, 1896, vol. 13, p. 1. 
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effects of the injection of mixtures of paraffin and 

IODIZED OIL INTO THE ANTERIOR AND 
POSTERIOR MEDIASTINA 

The effects of the injection of paraffin and iodized oil into the medias- 
tinum depends entirely on the size and position which the mixture occu- 
pies after it has solidified. All substances that we used failed to produce 
any immediate irritative reactions. It is well to remember, however, 
that if the trachea or esophagus is transfixed, inflammatory processes 
may result (Ballon^®). 



Fig. 11. — Intrathoracic hernia A indicates air in the posterior mediastinum; 
/?, the stomach with a small amount of iodized oil in it, C, liow the lungs arc 
compressed against the vertebral column, and D, the irregularity of the diaphragm 


When solids are placed above the jugulum, they may produce abso- 
lutely no distress. They can, however, compress blood vessels, particu- 
larly veins and, although the pressure within these compressed veins 
may undoubtedly increase, still nothing more than that these veins 
become dilated need occur, although local parts through pressure might 
thus be somewhat deprived of their nutrition. One rabbit which received 
a substernal injection of a mixture of 3 cc. of iodized oil and paraffin 
showed no immediate distress but during tlie day died of what 
proved to be edema of the lungs. In another instance, the injection of 


18. Ballon, H. C: Lipiodol bei der Limgeiituberkulose ; Fine experimentelle 
kliiiische uiid pathologisclie Studie, Frankfurt. Ztscbr. f. Path. 36 ;207 1928 
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a similar amount of tlie same mixture failed to jirocluce any change in 
tile blood pressure or in the respirations. When a sliglit pressure which 
under ordinary circumstances would have produced no effect was then 
a])]ilicd to the thorax, irregularities in the amjilitude of the respiratory 
excursions were noted which disappeared when the pressure was 
remoi'cd. 1 he same occurred when jiressure was exerted over the 
thorax after some of the injected mass had been allowed to solidify over 
the heart. 

If a needle which had been introduced into the mediastinum was 
merely allowed to rest on the great vessels, a slight fall in arterial blood 
pressure and irregularities in the respiratory cun'e were noted. If air in 
quantities of a few cubic centimeters was then injected, further slight 
falls in arterial blood jiressure were noted and the resjiiratory excursions 
became smaller. 

It would seem that a fluid can spread almost as readily along the 
anterior mediastinum as along the jiosterior mediastinum. A solid mass 
in the anterior mediastinum of sufficient size to compress the lung must 
of necessity at the same time compress some of the blood vessels. At 
necropsy all that may be noted rvhen such is the case is slight lateral 
compression of the trachea, edema of the tracheolironchial mucous mem- 
brane and some pulmonary einjibysema. 

It is interesting to note that Gaisford jiassed an endotracheal 
catheter before death in six children who died from status thymico- 
lymphaticus. There was no evidence of tracheal compression, although 
the tracheal mucous membrane was slightly injected. The introduction 
of air through the catheter failed to improve the cyanosis or dyspnea. 
At ])ost mortem, the large vessels of the neck were found dilated. 

Nissen -" has shown that when sul)stances. j^ractically the same as 
those w'hich we employed, were injected into the mediastina of rabbits 
and allowed to remain there over a considerable period of time the 
changes in blood pressure noted were similar to those which we have 
already described. 

Nissen and Cokkalis have shown that prolonged tracheal stenosis 
leads to hypertrophy and dilatation of the right side of the heart. The 
edema of the lungs which may develop in this connection predisposes to 
bronchopneumonia. They apparently consider tiiat the edema of the 
lungs which develojjs in tracheal stenosis is due to (1) the sudden 

19. Galsfort), W. ; Status Thymico-Lvmphaticiis, per.sonal communication to 
the authors. 

20. Ni.ssen, R. ; K.xpcrimenteDc Untcrsiicliungen zur Theorie clcs Entstehnnfr 
ties Lungenemphysems, Deutsche Zt-schr. f. Chir. 200:177, 1927. 

21. Nissen, R., and Cokkalis, P.; Expcrimentelle Untersnehnngen ueber 
mechanische Atmnngsstdrnngcn nnd einige Folgcznstand, Deutsche Ztschr. f. Chir. 
1S«;S0, 1925. 
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reduction in intra-alveolar pressure within the emphysematous non}'iel(l- 
ing alveoli and (2) the impaired action of the hypertrophied right ven- 
tricle (Cohnheim-Welch) . The amount of blood in the lung will 
therefore depend not only on the size of the lung but also on the state of 
the entire thorax, including the position of the diaphragm. 

Changes in either intrapleural or mediastinal pressure must affect the 
intra-alveolar pressure in some way or other. 

The pulmonary emphysema which may develop consequent to medias- 
tinal emphysema also tends to narrow the mediastinum. Widening of 
the thorax in the experimental animal (Nissen "“) does not lead to 
hyperventilation or to substantial emphysema. Widening of the thorax 
occurs only when the acting mechanism which will produce pulmonary 
emphysema lies directly or indirectly in relation to the tracheobronchial 
tree (Alexander and Kountz -•'*). Hyperventilation and emphysema are 
but degrees ‘of the same process, according to Aschoff and Tendeloo. 
Hypoventilation and atelectasis may therefore be considered phases of 
the reverse condition. 

In no instance did we observe grossly any evidence of edema of the 
mediastinum, and fluid in the pleural cavity in only one instance. This 
occurred when mediastinal emphysema developed from the subcutaneous 
injection of air. 

Concerning the absence of mediastinal edema in any of our animals 
which developed mediastinal emphysema, it will perhaps not be amiss 
to refer to a recent paper by Granstrom.-^ He remarked that he often 
found signs of dulness to the right of the sternum which apparently 
developed from and had something to do with stasis in the larger vessels 
of the thorax. He mentioned that the lesion of the heart in such 
instances was either one of myocarditis, aortic or mitral endocarditis, or 
arteriosclerosis. Pulmonary emphysema was present in some but absent 
in others. The heart was sometimes small and. at other times, enlarged. 
Granstrdm also observed the condition which he considers to be medias- 
tinal edema in patients suffering from heart disease who showed no 
evidence of “Stauungs erscheinungen’’ elsewhere. He noted further that 
the extensive edema in the anterior mediastinum may displace the medial 
lung border of the upper lobes outward and that portions of the lobes so 
displaced may become airless. Some of Granstrom’s patients have come 


22. Xissen. R. : Kreislaufwirkung umschriebener Drucksteigerung im Mittel 
fdlraum. Deutsche Ztsclir. f, Chir. 208:59. 1928. 

23. Alexander. H. L.. and Kountz, W. E.: Studies on Emphvsema to be 

published, ' > ui. 

24. Granstrom. E.: Uel^r Erweiterung der vena cava superior und anonyniae 

2:26r(Feb 28 )"’i£ Herzinsuffizienz, Wien, klin, Wchnschr. 
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to necropsy. Granstroni also noted that in certain severe cases of pul- 
monary emj)hyseina this mediastinal edema may be absent, and that it 
may be present when there is no piilmonar}- emphysema. Widening of 
the superior A'ena cava and the innominate veins is in his estimation 
directly responsible for the mediastinal edema. 

It is to he remembered that the great r’cssels may become elongated 
and tortuous in certain cardiac conditions and yet the size of the heart 
remains unafTected. In this way any elongation of the aorta makes the 
subclavian arteries more readily palpable. 

The following e.x]5erimcnt concerns an artificial!}' produced intra- 
thoracic hernia which for the most jjart occupied the infenor portion 
of the posterior mediastinum. This condition must be differentiated 
from mediastinal hernia which is really a gaseous displacement of the 
mediastinum but which may in turn be aggravated by any increase in 
intramediastinal pressure. 


MKDlASriSAL I^AKATIIOKACIC HERNIA 

RAnniT 7, — To an aniiual wcigliiiiR 2.9 Kg., iS.7 cc. of sotliiiin barbital was given 
intraperifoncally. Right intrapleural prc.s.siirc was — I, — 6, and left intrapleural 
pressure — 4. .An incision was made in the midlinc. A slight fall in blood 
pressure i\’as noted when the peritoneal cavit 3 ' was opened and the abdominal 
organs, particularly the stomach, were handled. If they were left alone then 
the blood pressure would rise beyond its former height. Respirations would be 
slightly irregular and e.xpiration at times quite deep. When the left side of the 
diaphragm was pushed up from below, then the respiratory and blood pressure 
e.xcursions became less marked. The esophageal portion of the stomach was then 
mobilized. This act caused a marked temporary drop in blood pressure. .Any pull 
on the stomach or gastrolicpatic ligament produced irregularities in the blood 
pressure and respirations. This was particularlj- marked when that portion of the 
stomach which received the main vagus fibers was handled. A general increase in 
blood pressure resulted from the latter procedure. The mobilized part of the 
cardiac portion of the esophagus and a small portion of the esophagus could now 
be herniated through the esophageal opening of the diaphragm. Respirations now 
became irregular, and the blood pressure began to fall. The intra-abdominal por- 
tion of the stomach became dilated. Both diaphragms were elevated. The animal 
died soon after the abdomen was closed. Injections of iodized oil were made into 
the esophagus and lungs. Necropsy verified the roentgen observations. There was 
slight mediastinal emphysema, air having entered the thorax through the 
esophageal opening of the diaphragm. Both lungs were compressed. The heart 
was pushed up against the sternum, the inferior vena cava against the vertebral 
column. 

Just as an increase in the size of the mediastinal contents may affect 
the position of the diaphragm, so may the position of the diaphragm 
affect the position of the structures in the mediastinum, particularly 
when there are pleuropericardial adhesions. Any process which 
encroaches on the costophrenic angle or the mediastinum may narrow' 
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the space occupied by the inferior vena cava and appreciably disturb the 
inflow of blood through the inferior vena cava. An intrathoracic hernia 
through one of the normal openings in the diaphragm might readily 
accomplish this. When the margins of the lungs are pushed apart by 
anything which comes to occupy the anterior mediastinum, then the blood 
vessels in this neighborhood come to lie more directly on the vertebral 
column. 

CAUSES OF SPONTANEOUS MEDIASTINAL EMPHYSEMA AS 
REPORTED IN THE LITERATURE 

Jehn and Nissen ^ have stated that mediastinal emphysema was once 
reported after a pneumoperitoneum. 

We have also produced mediastinal emphysema by injecting air sub- 
cutaneously or directly into the lung. At the close of an experiment on 
changes in bronchial caliber (Francis performed on a cat by forcing 
bismuth subcarbonate into the bronchial tree and stimulating the vagus 
nerve, large bubbles of air were observed in the posterior mediastinum. 
They had apparently resulted from the rupture of an emphysematous 
bleb. 

Galliard considered that interlobular, mediastinal and subcutaneous 
emphysema may follow senile pulmonary atrophy, tuberculous pneumo- 
nia and bronchopneumonia which complicate infectious diseases. The 
author also added that mediastinal emphysema may follow violent efforts 
during parturition and severe dyspnea due to cholera and reported such 
a case. The question can be raised as to whether the immediate dyspnea 
in some cases is not one of the causes rather than an effect of mediastinal 
emphysema. 

The commonest cause of subcutaneous and mediastinal emphysema 
in children is the rupture of an alveolus and may occur in pneumonia, 
croup and pertussis. A case of mediastinal emphysema which developed 
in a child of 18 months during a fit of coughing, three days after the 
crisis of pneumonia, has lieen reported by Boehme.'" The emphysema 
disappeared in four days and was attributed to a ruptured bronchus ( ?). 
Gehrt reported four cases of subcutaneous emphysema in grip pneu- 
monia associated with tracheal stenosis due to edema of the trachea. 

25. Francis, B. F.; Changes in the Size and Shape of the Bronchi Following 
Vagus Stimulation, to be published. 

26. Galliard, L, : L’emphyseme du mediastin. Bull, et mem. Soc med d hdn Ap 

Paris 10; 199. 1893. ‘ ' ' 

27. Boehme, Gustave F. ; A Case of True Mediastinal Emphysema Hf Rpr 

95:1052 (June 21) 1919. ’ 

28. Gehrt, J.; Hautemphysem und Stenose bei Grippe, Deutsche med WcEn 
schr. 46:1052, 1920. 
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111 two cases of iiandcniic innuciiza reported by Symmers "" distended 
air vesicles near the ajiex of the Iniig had ruiiturcd.- The soft tissues in 
tlie stipraclavictilar sjiaces were crepitant with infiltrated air. Jn another 
instance tlie nijitiire had occurred near the root of the lung, and huliae 
could lie denionstrated over tlic pericardium u]) the neck and e.xtending 
down as far as the crests of the ilia. Chronic /iliriiioti.s bronchitis as a 
synijitoni of mediastinal conipre.ssion has been suggested bv klulligan 
and S])encer, "' I hey reported a case which concerned a bov, aged 7 
years. I he condition disa])|)earcd following roentgen treatment. The 
cause was thought to be iire.ssure on the blood vessels of the lungs caus- 
ing a “leakage” of fluid into the bronchial tree. Two patients who were 
operated on for carcinoma of the e.sophagus and who died of slow siilTo- 
cation have been rejiorted by I'aure.'" .-\ drain had been used in both 
instances. The author wrote. “1 could jilainly sec that a large quantity 
of air penetrated tlie mediastimini at each in.S])iration.'’ Perforation 
of the esophagus by spicules of lioiic may be followed by mediastinal and 
subcutaneous emphi'sema. Pearce published the report of a case 
which concerned a patient wlio apparently swallowed a sjiicule of bone. 
The patient died forty-eight hours after the onset of symptoms. Bilat- 
eral ]nietiniothora.x was present. Von Bokay saw mediastinal emphy- 
sema develop only four times in 2.000 intubations in children. Baranger 
reported a case of traumatic mediastinal emphysema. He treated the 
condition hy making a transverse incision above the manubrium and by 
plunging his finger downward behind the sternum (TiegeH*'). This 
act was followed by a rush of gas. Becatise he tliought that the condi- 
tion was due to a valvular pneumothorax, he made an incision into the 
pleura and, finding a tension piieuniothora.x on the right side, relieved it 
and the patient recovered. 

Mueller has shown that the heart’s action also helps to spread the 
air in the mediastinum and that the coarse bubbling noises which are to 
be heard over the precordium are expressions of collections of air which 

29. Syrnmers, D. : Patliologic Siinilarity Between Pneumonia of Bubonic 
Plague and of Pandemic biflueiiza, J. A. ^I. A. 71;t4S2 (Nov. 2) ]9]8. 

30. klulligan, P. B., and Spencer, R. D. : Chronic Fibrinous Bronchitis as a 
Symptom of Mediastinal Compression, J. A. kl. 82:791 (March 8) 1924. 

31. Faure, F.: The Surgery of the Posterior Mediastinum: Its Past and 
Future, Bull. Johns Hopkins Hosp, 16:125, 1905. 

32. Pearce. W. H.: .An Unusual Case of Emphysema, Lancet 2:221, IS86. 

33. Von Bokay, cited by Gehrt (footnote 28). 

34. Baranger, M. : Un cas d’emplij'seme mediastinal traumatique, Bull, et 
mem. Soc. nat. de chir. 52:1243, 1926. 

35. Tiegel: Ein cinfaches Verfahren zur Bekampfung der Mediastinalempliy- 
seins, Zentralbl. f. Chir., March 25, 1911, p. 420. 

36. Mueller, cited by Gehrt (footnote 28). 
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are compressed between the heart and wall of the chest. Lenormant '' 
was of the opinion that the chief danger in mediastinal emphysema is 
circulatory. He considered that the extreme dyspnea, the feebleness of 
heart action, the smallness, frequenc)' and irregularit}' of the pulse, the 
c_vanosis of the face, the distention of the neck and the coldness of the 
nose and extremities all verify this fact. Subcutaneous emphysema, he 
stated, is secondary. He cited one case which followed an injury. He 
opened the thorax and found the lungs riding on an enormously dis- 
tended mediastinum. The vena azygos was the size of a thumb, and the 
inferior vena cava the size of a child’s arm. He attempted to aspirate 
the air (Tiegel), and also made multiple incisions but all to no avail. 
“De la rupture pulmonaire chez les enfants et de remph 3 'seme general 
qui I’a succede” was the title of a paper published by Ozanam in 1854. 
The conclusions which he drew were as follows ; All pulmonary condi- 
tions, all violent respiratory efforts, can cause a rupture of pulmonar\- 
tissue in the infant. Such a rupture is followed by internal and external 
emphysema. The external emphysema follows the cellular tissue and 
skin ; the internal follows the bronchi and serous ])aths. Therapensis 
consists in quieting respirations, rendering the patient insensible and 
evacuating the air by puncture with trocar. 

Mediastinal emphysema as a complication of artificial pneumothorax 
occurred fifteen times in nine of sixty-three patients (Parfitt^”). There 
were symptoms of discomfort under the sternum and in the neck, and 
slight pain beneath the sternum and in the neck. Crackling noises on 
swallowing or on moving the jaws could be heard by the patients as well 
as through the stethoscope. Parfitt noted that all symptoms in his 
patients disappeared in thirty-six hours. It would not seem unlikely 
that some of the reactions noted during pneumothorax treatment and pre- 
viously attributed to other causes are perhaps due to slight degrees of 
mediastinal emphysema. This would apparently be more likely to occur 
when air collects on the mediastinal side of the lung, when the medias- 
tinum is unstable and when the intrapleural pressure becomes positive. 
In the majority of instances, the lung itself is injured. Pick reported 
the occurrence of mediastinal emphysema in a patient receiving pneumo- 
thorax treatment which resulted from the rupture of a tuberculous 
ca\'it\'. Some relief was obtained by puncturing cutaneous blebs. The 


37. Lenormant, C.; Le traitement de Vemphyseme mediastinal d’orieine tranma- 
ti’que, Presse med. 28:286 (April 8) 1911. 

38. O/anarn, C.; De la rupture pulmonaire chez les enfants et de I’emphyseme 
Seneral qui lui succMe. Arch, gen de rncd. 1:31, 1834. 

39. Parfitt, C. D., and Cromhie, D. W. ; Five Years Experience mth Artificial 
Pneumothorax, .Am. Rev. Tuberc. 3:385, 1919. 

-10 Pick, E.; Ueber einen Fall von Haut und Mediastinalemphj-scm bei Lun^en- 
tuberkulose, tVien. klin. Wchnschr. 38:58 (Mav 7) 1925. ° 
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patient died two montlis later, and it is worthy of note that evidences 
of empliyseina were deinonstrahle in the tliickened pleura which was 
ajjjiarently not completely or solidly ohlileratccl. Schill has shown 
that mediastinal adhesions may also he loosed during pneumothorax 
treatment. Sercer and Pcicic treated a patient suffering from 
mediastinal cm])hysema which developed following a tracheotoni)' by 
expressing air from the tissues. Cyanosis and dyspnea were relieved. 
In another case due to a rupliired tiiherciilous cavity, the condition 
failed to resj)ond to similar treatment and to the introduction of a trocar 
over the jugulum. Jehu re|)orted a case of mediastinal emphysema 
which followed fracture of the laryngeal bo.x. Exposure of the 
jugulum, tracheotomy and the use of cardiac stimulants gave no relief. 
The patient died from a phlegmon of the mediastinum. Fracture of 
the thyroid cartilage and emijlncsema were also observed b}" Conwell.^'* 
(lOod results have apparently been obtained from the use of the Tiegel 
suction apparatus in some such instances of mediastinal emj>hysema. 
Wassermann reported that mediastinal emphysema may simulate 
stenocardia, and ^Vis!vOvsk•y and Camrda have reported the occurrence 
of mediastinal and subcutaneous emphysema in a patient after the 
inhalation of a bean into the right bronchus. Recovery occurred after 
the extraction of the foreign body through a bronchoscope. 

Alexander and Follctt have discussed various types of emphysema. 
They made particular reference to that form which occurs in children 
and which is due to ruitture of a congenitally or other^s'ise weakened 
alveolus. These authors have classified emphysema into three broad 
groups: (a) congenital, which is rare. (l>) emphysema in infants due 
to a variety of causes which may be rcsjionsible for the rupturing of 
an alveolus, and (r) the traumatic group. Mediastinal and subcutaneous 
emphysema may be a consequence of congenital cystic lung (Box^')- 

41. Scln’ll, E. : Pncumotliora.x Studicn. Mcclinstinal Empliysein als Kompli- 
kation des kunstliclicii Pneumothorax, Beitr. z. Klin. d. Tuberk. 65:505, 1927. 

42. Jclin, W. : Kiinisclics und e.xpcrimcntclles ueber das Mediastinalempby- 
.sems, Arch. f. klin. Chir. 38:195, 1925; Ein Beitrag zur Kllnik und Pathologie des 
jMcdiasfinaiemphysems, Deutsche Ztschr. f. Cliir. 140:398, 1917; Das Mediastinal- 
emphysem, Ztschr. f. Chir. 48:1619, 1921. 

43. Conwcll, H. E. : Fracture of the Thyroid Cartilage, J. Bone & Joint Surg. 
11:123 CJan.) 1920. 

44. Wassermann, S. ; Das Sfediastinalc Emphysem, Wien. klin. Wchnschr. 6. 
122, 1920. 

45. Wiskovsky, B., and Camrda, 1. : J/ediastiiial and Subcutaneous Emphysema 
After Inhalation of a Bean info the Right Bronchus ; Recovery After Extraction 
of a Foreign Body Through Peroral Bronchoscopy, Bratisl. lekar. listy 11:19 , 
1922-1923. 

46. Alexander, i^f. E., and Follctt, E. C.; Subcutaneous Emphysema, J. A. 

M. A. 72:930 (March 29) 1919. 

47. Bo.x : Bronchiectasis in Childhood with Some Observations on the Con i 
tion Known as Hone}'cotnb Lung, Lancet 1:16, 1907. 
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Achard was able to produce mediastinal emphysema in dogs by 
a variety of methods. He injected air subcutaneously over the thorax 
and elsewhere, and was able to produce mediastinal emphysema. We 
repeated this experiment in one instance (in a rabbit) and also obtained 
a positive result. 

Generalized interstitial emphysema and spontaneous pneumothorax 
were observed as complications of bronchopneumonia following influenza 
by Berkley and Coffen-*" in 11 out of 1,701 instances. There were five 
deaths. This complication occurred in the more severely ill patients and 
often apparently followed a sudden severe paroxysm of coughing. The 
emphysema was first noted in the soft tissues of the episternal notch. 
All patients complained of choking sensations. Pneumothorax was 
observed twice. 

Kelman examined twenty patients who died of influenza, and 
at necropsy found marked vesicular and interstitial emphysema. The 
former was most marked, however, at the margins of the lungs. Inter- 
stitial emphysema involved mainly the anterior and posterior mediastina, 
which included the pericardium and pericardial fat. It could also be 
observed in the perirenal tissue. She produced experimental emphysema 
by inflating the lungs of dead rabbits with air by means of a bicycle 
pump. 

Rapid and extensive emphysema with severe collapse caused by the 
passage of a cart wheel over the thorax, in which marked relief was 
obtained at once by multiple ptmctures of the skin, was reported by 
Bisshopp.^^ Nine or ten punctures were made in the neck, back, cheek 
and dorsal region with a small knife, “and when the air rushed out it 
hissed and blew out the flame of a wax light.” Emphysema of the 
scrotum was the last to disappear. Surgical emphysema, rvhich resulted 
from a bayonet wound of the buttock which punctured the lung, was 
noted by Hayward. 

Silvester was of the opinion that the production of subcutaneous 
emphysema should prove an excellent means of saving the life of a 


48. Achard, C. : Rtude experimentelle de I’emphyseme du mediastin. Bull 
Acad, de med. 80:609, 1918. 

49. Berkley, Hugh K., aud Coffen, T. Homer; Generalized Interstitial 
Emphysema and Spontaneous Pneumothorax as Complications of Bronchopneu- 
monia, J. A, M. A. 72:535 (Feb. 22) 1919. 

1919*^ ^ ^ Emphysema, Arch. I:it. Med. 24:332 (Sept.) 

51. Bisshopp : E.vtensive Emphysema with Severe Collapse from Passao-e of 
a Cartwheel Over the Thorax Treated at Once with Marked Relief with Mvdtiulo 
Punctures of the Skin. Brit. M. J. 1:163, 1884. 

62, Hayward, J. D.: Bayonet Wound of Buttock: Lung Punctured; Surgical 
Emphysema, Lancet, August 11 , p. 199. 

l:i?'(SrflT’m5^“ Drowning by Self-Inflation. Lancet 
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pci soil who has almost drowned. He has yiven an interesting account 
of the air chambers of certain birds and swim bladders of fish. He 
demonsti ated Iiow' a body could actually be blow'ii bv forcing air under 
the skin of t/ic wrist. For the average jierson he devised a simple 
method which could he accomplished without the employment of any 
ajipaiatus and in fact which might be performed without assistance in 
a moment, under the most adver.se circumstances and by the most 
ignorant, if once instructed in it and without danger or pain, and suit- 
able alike for the roughest .sailor or the most delicate female.” It was 
required that a sharp instrument be introduced opposite the first molar 
tooth and cheek down to the skin of the neck. On e.xpiration, it w'ould 
be possible to blow up the neck and chest to the nipples. In a com- 
munication to court, he wrote that in the absence of a sharp instrument 
the mucous membrane of the side of the mouth could be affected by the 
person’s own teeth. 

Entrance of air into the mediastinum during operations on the base 
of the neck has also been reported by Buford.'’^ He has recorded tivo 
cases. One jiatient complained of c.xtreme d^’spnea, precordial fulness 
and pain and was quite cyanosed. Air hunger became great, and 
finally subcutaneous emphysema developed over the side of the neck 
and cliest. Illarked relief and improvement followed venesection. 

'I'hat perineal emphysema may spread to the upper parts of the body 
was noted by Erichsen '''• wdio recorded its occurrence followdng punc- 
ture of the urinary bladder through the rectum for retention (see also 
Tatum 

The relationship of subcutaneous emphysema to abdominal opera- 
tions has been discussed by Heil.'^" Madlener, •' Meinert"" and von 
Graefe.''" 


54. Buford, Coleman G. : Entrance of -'Mr into jMediastinum During Opera- 
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1:89, 1860. 
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In 1899, Klots"^ reviewed the literature concerning subcutaneous 
emphysema of the mother which developed during childbirth. He col- 
lected forty instances. Thirty-one occurred in primiparas. Emphysema 
was first noted in the neck over the clavicle. It developed during the 
period of expulsion when the intra-abdominal pressure becomes mark- 
edly increased ; the diaphragm immobilized and when attempts at forced 
inspiration were made with the glottis closed then emphysema inter- 
stitiale pulmonum must of necessity develop. Air will escape between 
the parenchyma of the lung and pleura to the anterior mediastinum. 
Klots noted that Decadas’ patient had pleuritis. Eisler’s had previously 
had hemoptysis and one patient (Filippow) eclampsia. Nearly all the. 
women so affected were robust. The abnormal local conditions were 
too large a head, contracted pelves and rigidity of the soft parts. The 
prognosis in general was considered to be good and resorption rapid. 
No treatment was suggested. Klots stated that when subcutaneous 
emphysema develops labor should he ended. The condition, he feels, 
is frequently overlooked. 

The relation of mediastinal and subcutaneous emphysema to pneu- 
mothorax has recently received consideration at the hands of Kovacs."- 

Le Soudier has reported the association of subcutaneous 
emphysema with diphtheria. Three similar occurrences had apparently 
been previously reported. 

Morgan,®* in 1826, discussed the development of subcutaneous 
emphysema into the loose tissue of the eyelid which followed a fracture 
of the os frontale; the air came from the frontal sinuses. The principle 
involved is obviously the same throughout the body. 

General emphysema may follow the rupture of a viscus. Such a 
case which followed rupture of the stomach has been described by 
Newman.®^ 

It is important, as von Braman pointed out, to differentiate between 
an injury to the pleura costalis and the pleura pulmonalis. Subcutaneous 
emphysema which develops after an injury of the rib implies that the 


61. Klots, S. : Emphysema subcutaneum wahrend des geburactes Entstanden 
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64. Morgan ; Fracture of the Os Frontis into the Frontal Sinus with Extrav- 
asation of Air into the Cellular Membrane of the Eyelid. Lancet 10:31, 1826 
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pleura pulmoiialis is injured— in other words, that there has been injury 
to tlie lung tissue. No matter how small, a pneumothorax must of 
necessity be present. Even a lateral view with the affected side up 
may, however, fail to disclose its presence. The lung, if it is injured 
wJien a rib is fractured, is usiiall}' injured during inspiration. Von 
Braman has treated such patients by' closed drainage. Air which escapes 
into the thorax is thus expelled. In discussing von Braman's paper, 
Konig rightly pointed out that blood in many instances sears over the 
wound. The early development of pleural adhesions would act in the 
same way. 


TREATMENT OF MEOIA.STINAL AND SUBCUTANEOUS EMFIIYSEJIA 

It would appear that the treatment of mediastinal emphysema must 
vary with the cause, severity and progress of the condition. If there is 
an associated tension imcumothorax or an increased intrapleural pres- 
sure, they should be relieved, the former, if necessary', by an open 
operation ; the latter is done by' use of the pneumothorax apparatus. 
If the mediastinal emiihysema develops after strumectomy, a cold wet 
pack placed substenially' may prevent the further entrance of air into 
the mediastinum. Teigel’s suction cup or a needle placed in the jugulum 
and attached to a pneumothorax apparatus may be of help. Subcutane- 
ous emphysema usually' responds to incision. If cyanosis is e.xtreme, 
venesection might be suggested. The patient should be kept quiet as 
cough may' expel more air from the lung. Closed drainage might also 
be considered. Pain should be alleviated, as the splinting of the thorax 
may' favor the progress of the condition. 

SUMMARY 

Experiences concerning some of the consequences of variations in 
mediastinal pressure have been here recorded. 

Particular attention has been paid to mediastinal and subcutaneous 
emphysema. 

Variations in the arterial, venous and intrapleural pressures and 
respirations which resulted from changes in the size, shape and contour 
of the anterior and posterior mediastina have been noted. 

Practically all of the forty experiments were performed on rabbits, 
because the mediastina of rabbits are best fitted for such e.xperiments. 

Experiments with a rubber balloon in the mediastinum illustrated 
the effects of sudden confined increase in mediastinal pressure, and how 
these effects can be made to disappear by reducing the pressure. The 
consequences were local and varied directly' with the extent to which 
the balloon had been inflated and the position which it occupied in the 
mediastinum. 
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The initial change in the blood pressure following the injection of 
air into the rubber balloon which was placed in the mediastinum was 
always a fall in blood pressure. 

The anterior mediastinum was considered to lie iti front of the root 
of the lung, the posterior mediastinum behind the root of the lung. 

It is much easier for compression of the large blood vessels to occur 
than of the trachea or bronchi. 

Some of the consequences of increased mediastinal pressure are 
pulmonary emphysema which may be partly hyperventilation or hypo- 
ventilation of the lungs, stagnation of blood in the lungs, hindered heart 
action, edema of the lungs and the development of fluid in the pericardial 
cavity. 

Edema of the tracheobronchial mucous membrane may also be a 
consequence. 

The position and size of the opening which is allowing air to escape 
into the mediastinum is of the same import as it has been shown to be 
in open pneumothorax by Graham. The presence of a tension pneu- 
mothorax or of an uncomplicated unilateral or bilateral pneumothorax 
as consequences of mediastinal emphysema must always be excluded. 

Mediastinal emphysema was produced directly by various means, 
including the direct injection of air into the mediastinum and b}' produc- 
ing tracheal fistulas. 

The courses which air may take in the production of mediastinal 
and subcutaneous emphysema have been pointed out. In so doing the 
air follows with predilection the normal fascial planes, particularly the 
sheaths which surround blood vessels. It may also extend retroperitone- 
ally, outline the kidneys and compress the renal vessels. 

Large amounts of blood can become stagnant in the lung without 
producing marked pressure changes in the circulation. 

The direct injection of frequent small amounts of air into the 
mediastinum caused a fall in blood pressure and an increase in respira- 
tory rate. The blood pressure soon returned to normal if the injections 
were not repeated too frequently. Only gradual rises and falls in venous 
pressure were observed. These rises and falls in r'enous pressure fol- 
lowed no definite rule. Transitory terminal rises concomitant with 
the fall in arterial pressure could be observed. 

The effects of the injection of mixtures of paraffin and iodized oil 
which solidified have also been recorded. 

Some remarks concerning treatment of the condition have been made 
^^^th regard to the treatment, it can be said that the necessity of ruling 
out the presence of a tension pneumothorax or of a simple pneumothorax 
IS of extreme importance. 



9. COMPARISON OF IODIZED OIL AND 

P.ROiMIKIZRD OIL^- 

JACOB J. SINGER. M.I). 

AND 

RVROX R I'RAXCIS, M.D. 

ST. I.OUtS 

J he u.se of a Ijroiniiiized oil as a contrast medium in roentgenology 
lias Iieen suggested in order to overcome certain dangers which are 
sup])osed to he inlierent in iodized oils. Several manufacturers have 
made prejiarations of hroniinized oil and have put them out under vari- 
ous names. Our exjierience with this type of oil has heen limited but 
sufficient to give us certain inijire.s.sions. 

In view of the fact that other investigators have made statements 
that iodized oil is lihely to jiroduce an aggravation of symptoms and 
signs in tuberculous jiatients, we thought it advisable to review our sta- 
tistics to determine whether we could substantiate this. During the 
routine work in our chest service, 277 patients have received intratra- 
cheal injections of iodized oil (lipiodol). Thirty-five of these were 
cases of chronic pulmonary tuberculosis. Three patients, none of them 
tuberculous, developed definite symptoms and signs of iodism. but all 
of them had swallowed a considerable quantity of the oil which had been 
introduced. We have not observed any unusual after-effect in any of 
the tuberculous patients who were given injections. A few patients 
have heen given injections with hroniinized oil, and none of these has 
shown ant' bad effects. 

If one refers to Archibald and Brown’s ’ article on “The Dangers 
of Introducing Iodized Oil into the Tracheo-Bronchial System," it will 
be noted that the iodized oil was injected into tuberculous patients 
through a bronchoscope or intratracheal catheter. When one considers 
that mail}' tuberculous patients develop a rise in temperature, an increase 
in cough and other symptoms in addition to increased physical signs 
following muscular effort, it can readily be seen that the procedures 
which were used rather than the oil itself in many cases might explain 
the reaction. 

In this clinic the method of aspiration described by one of us (J. J- 
S.-) has been employed. This method causes the patient a minimum of 

'TFrom the Department of Medicine, Washington University School of 
Medicine, and Barnes Hospital. 

1. Archibald, E. W., and Brown, A. L.; Dangers of Introducing Iodized Od 
into the Tracheobronchial System, J. A. M. A. 88:1310 (April 23) 1927. 

2. Singer, J. J. ; A Simple Method of Introducing Iodized Oil into the Lungs, 

.1. A. M. A. 87:1298 (Oct. 16) 1926. 
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muscular exertion. We (eel that this has been a faclnr accounliuR for 
the lack of bad elTccts from the adminislralmu of the oil. 

Ballon has shown that the injection of iodized oil into the hmi: ol 
a rabbit is not followed by any iuaammatory reaction that can be demon' 
strated either macroscopically or microscopically. However, rabliit.s 
with pulmonary tuberculosis, made more acutely ill by various means, 
had their death hastened iiy tlic cndolironchial injection of oil. not. 
however, because of an extension of the ])roccs.s but rather liccaii.se ol 
an aggravation or intensification of the underlying condition. So far as 



Roentgenogram of the chest of a woman, aged 23, with bilateral bronchiccta.sis. 
By the aspiration method 20 cc. of iodized oil was first introduced into the right 
side ; then the patient was caused to lean toward the left and 20 cc. of hroininized 
oil was introduced into the left lung. It may be readily seen that the density of 
the bronchial outlines is much less on the left side where the lirominized oil 
entered. 


we know, similar experimental work has not been undertaken with a 
brominized oil. Putnam •* studied experimentally the irritating effect of 
hrominized oil by introducing it into the anterior cliamber of the eye, 

3. Ballon, H. C. : Lipiodal bei Lungentuberkulose : e.xpcrimentclle Klinischc 
und pathologische Studie, Frankfurt. Ztschr. f. Path. 36:207, 1928 

4. Putnam, Jackson. Some Brominized Oils for Radiographic Use T A AT A 
87:1102 (Oct. 2) 1926. 
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using the resulting increase in cell count of the vitreous humor as an 
index of the severity of the reaction. Dyroft/' Rad and Iglauer ' have 
used a hroininized oil clinically in the lungs, especially in cases of tuber- 
culosis. Iglauer slated the belief that a hroininized oil causes less reac- 
tion than iodized oil in ])uImonary tuberculosis. However, his 
conclusions arc based on two .series of cases which we believe cannot be 
accurately enough coin])ared. 

Another factor to he considered in comparing iodized oil with 
!3rominizcd oil is the fact admitted by Iglauer, Rad and Dyroft that the 
density of a shadow cast by an- oil containing bromine is less than that 
of an oil containing iodine. This, of course, is a characteristic which 
varies with the atomic weights of the elements. Since it is often desir- 
able to outline structures within dense shadows cast by the x-rays, it is 
readily seen that it is advantageous to have a contrast medium which is 
ns opaque as possible. The iodized oils have been satisfactory as a 
contrast medium. 

It would he an advantage if the concentration of bromine could be 
made great enough in an oil of suitable viscosity so that it could be used 
in cases in which iodine is contraindicated. 

Our experience with iodized oil in patients with pulmonary tuber- 
culosis up to the present lime does not contraindicate its further use in 
such conditions. 

5. Dyroft, Rudolf: “Contrastol” eiii iicuM Kontrastmittel fur die Darstellung 
engkolibrigcr Hohlraumc, Deutsche mcd. Wcliiischr. 52:397 (March 5) 1926. 

6. Rad, Alexander; Die Fuelung des Bronchialbaunics mit Jodolen und 
Bromipin, Wien. klin. Wchnschr. 39:1011, 1926. 

7. Iglauer, Samuel, and Kuhn, Hugh: Advantages of Brominizied Oil in 
Bronchography in Tuherculous Patients, J. A. Jf. A. 90:1278 (April 21) 1928. 



10. EFFECTS OF PRESSURE ON THE HEART, WITH REF 
ERENCE TO THE ADVISABILITY OF DECOMPRES- 
SION OF GREATLY" ENLARGED HEARTS 

EXPERIMENTAL STUDY * 


DUFF S. ALLEK, V.D. 

AND 

EVARTS A. GRAHAM, M.D. 

ST. LOUIS 


This is an experimental study of the cllects of pressure on the 
heart. Its purpose is to determine the feasibility of decompression of a 
massively hypertrophied heart in the human being. It would seem that 
in cases in which the heart is greatly enlarged, there might he an 
abnormally high pressure on the heart because it is encased in the non- 
yielding, bony thoracic cage. In considering this question, we desire 
to focus attention particularly on the question of the harm jiroduccd on 
the heart muscle by pressure exerted on it by the wall of the clie.st 
because of the massive enlargement of the organ. We are here not 
considering the questions of giving relief by decortication of a thickened 
pericardium (Delorme) or by allowing the heart to contract against 
a yielding instead of a rigid structure, as is proposed in the cardiolysis 
of Brauer in cases of chronic mcdiastiiiopericarditis. There arc many 
cases of massive enlargement of the heart in which there are no clinical 
signs of an adhesive mediastinopericarditis and in which also decorti- 
cation itself would not be indicated because the pericardium is neither 
thickened nor adherent. 

The experiments were made on normal hearts of dogs and consisted 
of applying pressure continuous^L for varying periods of time, to the 
ventricles, to the auricles or to both. Blood pressures were recorded 
from the femoral artery at the same time. The experiments recorded 
here are acute experiments, and the changes in blood pressure are 
those which occur soon after the external pressure on the heart is 
altered. 


CLINICAL ASPECTS 

Decompression of an enlarged heart ivas advocated by Alexander 
Morison,^ of Edinburgh, in 1907 and was performed on a patient of 

* From the Department o£ Surgery, Washington University School of Merli 
cine and Barnes Hospital. 

Thoracostomy in Heart Disease, Lancet 2*7 fTuIv 

'O'- H». 
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his by E. C. Stahh, with niarkccl improvement. He recommended the 
removal of ribs, costal cartilages and a portion of the sternum for relief 
from embarrassment to the hypertrojdiied heart. He considered this for 
(1) the relief of increased intrathoracic pressure due to the large heart 
and (2) to prevent undue stimulation of the heart from continued 
thrusts or blows against the ribs. It seems to us that he might have 
added, also, that anemia of the heart muscle and interference with 
diastole would probably result from an increase in the extracardiac 
pressure. 

Bewley - reported a case of decompression for hypertroph}^ of the 
heart in which sections of the third, fourth and fifth ribs were removed 
along with the lower lialf of the sternum. He gave the indication for 
such decompression as follows: “To sum up, when we find that the 
ribs or sternum, or both, arc distinctly moved up b}" each systole of 
the heart, I liold that this moA-ement ina_\- be looked upon as the heart’s 
jjrayer for more room.’’ 

Lenormant and Merle D’Aubigne " collected fourteen cases in which 
the operation for decompression of the enlarged heart had been carried 
out. Of these fourteen patients five, or 35 per cent, showed definite 
and lasting improvement. These authors considered such a percentage 
remarkable in view of the original condition of the patients on whom 
the operations had been carried out. It is not certain, however, that 
in all these cases the operation was performed merely for decompression. 
It seems more probable that in many cases the operation was indicated 
by the presence of a chronic adhesive mediastinopericarditis. Such 
cases do not properly fall within the group under consideration here. 

PREVIOUS INVESTIGATIONS 

Investigations have been made in which the normal pressure on the 
exterior of the heart has been altered. Most of these investigations in 
the past hai'e been concerned with the changes incident to removal of 
the pericardium. It is thought that tin's produces a decrease in support 
and hence a decrease in the normal external pressure on the heart. 
Kuno '* found that opening of the pericardium causes a fall of venous 
pressure, a rise of arterial pressure and an increase of output. Beck 
and Moore “ found little change in the function of the heart in animals 
from which the pericardium had been removed. 

2. Bewley, H. T. : A Clinical Lecture on Cardiolysis, Brit. M. J. 1:915, 1910. 

3. Lenormairt, C., and D’Aubigne, R. M.: La thoracectomie precordiale dans 
les symphyses et certaines hypertrophies cardiaques, J. de chir. 31:161, 1928. 

4. Kuno, Y.: The Significance of the Pericardium, J. Physiol. 50:1, 1915-1916. 

5. Beck, C. S., and Moore, R. L.: The Significance of the Pericardium in 
Relation to Surgery of the Heart, Arch. Surg. 11:550 (Oct.) 1925. 
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The changes in the circulation have been studied in normal animals 
in which the intrapericardial pressure has been raised above the norma . 
This increase was produced b}' the introduction oi fluids and gases 
within the pericardium. Rose " first termed this “tamiionade. 

In these tamponade experiments, marked changes in the circulation 
and in the respirations are noted. As the intrajicricardial jircssuic was 
raised the systemic blood pressures fell, the pulmonary venous pressuies 
rose and the respirations became deeper and .slower. 

EXPERIMENTAL WORK 

We wish to point out that the present experiments with increased 
extracardiac pressures are not studies in heart tamjionade. 1 he ])res- 
ent study is concerned with pressures applied di recti}' to the ventricles 
or to the auricles. In tamponade experiments, equal pressures arc 
applied simultaneously to the ventricles, to the auricles and to the thin- 
walied veins (the venae cavac and the pulmonary veins) entering the 
pericardium. The effects of tamponade due to fluids are mainly those 
incident to compression of these veins. It is probable that no such 
compression occurs in the veins entering the jiericardium in cases of 
In'pertrophy of the heart. It is logical to think that in tliesc cases the 
increase in extracardiac pressure is most marked on the ventricles and 
auricles. Our experiments, therefore, more closely resemble the stale 
of affairs in the hypertrophied human heart which is gri})j)cd within the 
bony thorax. 

Method . — Normal adult dogs were used in these cxpcrinicnt.s. They were fullj- 
anesthetized with ether; the cavity of the left .side of the chest was opened widely 
after artificial respiration had been instituted with the Erlangcr-GcscH apparatus. 
Intermittent positive intratracheal pressure was obtained by thi.s method. This 
closely resembles the normal respiratory cycle. 

After the pericardium had been c.xposcd, the femoral artery ivas e.x'poscd, a 
cannula was inserted and this attached to a nicrciiry manometer or to tlic more 
sensitive Hurthle manometer. Tlie changes in blood pressure were recorded on a 
drum of smoked, glazed paper. 

The external pressure on the heart was increased above the normal by weights 
laid directly on the intact pericardium over the ventricles, by pressure applied to 
the ventricles or the auricles by the fingers or by interrupted sutures accurately 
placed in the intact pericardium in such a manner as to apply pressure to the 
ventricles or to the auricles when the sutures were tightened. 

The animals were given a lethal amount of ether at the end of the e.xpcrimeiit. 

Analysis . — Figure 1 shows the effect of moderate compression of the 
central portion of the ventricles. In this instance, care was used to 
prevent the heart from slipping upward and thus compressins- the 
pedicle of the heart. 


6. Rose, E.: Herz Tamponade, Deutsche Ztschr. f. Cbir. 20:329, 1884 




Fig. 1.— Changes in the systemic blood pressure during sustained pressure on the ventricles. There is a fall in blood pressure and a fall in the 
pulse pressure. The pulse pressure shows a tendency to approach the normal due to the compensatory activity of the arterial system. On sudden 
release of the pressure on the ventricles the diastolic pressure rises above the normal since the compensatory mechanism is not released suddenly. 
The pressure is applied at point A and released at point B. 
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The tracing shows the consequent clianges in llic pulse pressure 
and in the blood pressure within the femoral arlcrj’. linincdiately on 
increase of the extracardiac pressure in the midporlion of the ventricles 
at point A, there is a marked fall of the diastolic pressure, a more 
marked fall of the systolic pressure and, as a result, a lessening of the 
pulse pressure. Then follows a rather rapid rise in the systolic 
pressure. This is a manifestation of compensation in the circulatory 
system. The diastolic pressure remains low. 

On release of the pressure on the ventricles at point B, the systolic 
pressure immediately rises above the normal. This, we believe, indicates 
the compensatory mechanism of the arterial S3'stem which aids in main- 
taining the normal blood pressure. When the heart is suddenly restored 
to normal conditions, this acting compensatory mechanism of the arterial 
system does not release itself so suddenly, and hence the diastolic 
pressure rises above the normai. The systolic pTcssvwc rctUTUs to uor- 
mal, however, within a few minutes. There is a similar rise in the 
diastolic pressure, but the increase above the normal is not so great as 
with the systolic pressure. The pulse pressure is increased as a result 
of this inequality. 

Figure 2 is a tracing made with the rather sensitive Flurthle 
mairometer. It was made in the same fashion as was the tracing shown 
in figure 1. The upper jjointer indicates the pulse pressure, the 
diastolic and the systolic pressure. The upstroke is due to .systolic 
pressure. The parallel lines show the calibration for the manometer in 
millimeters of mercury. The time marked is in seconds. 

Four interrupted stitches were placed in the intact pericardium in 
such manner that when they were tightened pressure was brought to 
bear on the ventricles of the heart. This was done, at point A, with 
results similar to those shown in the tracing in figure 1. 

The second and third pronounced falls in the blood pressure, at 
points B and C, were produced by squeezing the ventricles tightly with 
the fingers with such marked compression that the pulse pressure falls 
very low, as do the diastolic and systolic pressures. 

The fourth disturbance in the blood pressure, as shown on the 
tracing at point D, is due to marked compression of the auricles with the 
fingers. It shows disturbances in the systemic circulation similar to 
those produced by compression of the ventricles. 

Figure 3 is a tracing made by the sluggish mercury manometer as it 
records the blood pressures in the femoral artery. It shows the com- 
parative effects on the systemic pressure of hammering the ventricles 
with a hammer and sustained pressure on them produced by the fingers 

The first irregularities shown in the tracing between points A and B 
are due to extrasystoles induced by hammering the ventricles repeatedly 
with a hammer. Sharp, forceful blows were dealt the ventricles at inter- 




Fig. 2.— Result of moderate compression of the ventricles at point W. At point B the ventricles are strongly compressed with the fingers, 
ihe same marked compression was applied at point C and the auricles were compressed at point D. 
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vals not exceeding one per second nor less than one per two seconds. The 
tracing shows that tlie mean arterial pressure is unchanged by such pro- 
cedures. The entire record is not shown in the figure here, but the 
terminal portion which is shown, is representative of the whole. Some- 
times such hammering will set the ventricles into fibrillation. Unless 
this occurs, there seems to he but little efTect on the mean arterial 
pressures in the S3’stemic circulation. 

The second disturbance shown in the tracing at point C is a marked 
fall in the mean pressure accompanied by a fall in the pulse pressure. 
This alarming fall in the S 3 'stemic arterial pressure was occasioned 
by moderate compression of the ventricles with the fingers. 

The tracing shows most clearly that a sustained increase of the 
extracardiac pressure applied to the ventricles produces a more marked 
fall in the mean blood pressure than repeated nonsustained increases. 

This tracing indicates, therefore, that repeated thrusts of the 
enlarged human heart against the wail of the chest might be of little 
consequence. It also indicates that a heart which has become enlarged 
sufficientl 3 ' to be impinged on contiiiuous] 3 - bv the rigid thoracic wall 
might suffer impairment of its cfiiciencv-. 

COMMENT 

More than 100 observations were made on the hearts of 12 dogs. 
A careful anal 3 ’sis of the records shows that whenever the extracardiac 
pressure is increased, and maintained for a considerable period of time, 
there is a decrease in the efficienc}' of the heart. This is manifest by a 
fall in the mean blood pressure in the systemic circulation and a decrease 
in the pulse pressure. 

This is soon compensated for, in the normal animals, by changes 
in the arterial S 3 'Stcm which are to maintain the normal blood pressures. 

The heart remains embarrassed b 3 " the sustained increase in extra- 
cardiac pressure. 

It is logical to infer, therefore, that the human heart is similarly 
less efficient when it is enlarged sufficiently to be pressed on con- 
tinuously by the bon 3 ^ framework of the thorax. Decompression of 
such an enlarged heart should relieve the increased extracardiac pressure 
and would be expected to increase the efficiency of the heart. 

Two patients with greatl 3 ’^ enlarged and chronically decompensated 
hearts were operated on for the purpose of affording a decompression. 
In neither case was there any clinical evidence of an adhesive mediastino- 
pericarditis. Both patients showed marked temporary improvement, 
but both ultimately succumbed. In one case, however, death was due 
not to the cardiac condition but to an acute pneumonia which occurred 
three months after the operation. Even during the pneumonia there 
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were no edema or other signs of cardiac decompensation. It is interest- 
ing also that in this case, in which the patient received the greater 
benefit, the pericardium was opened and found not to be thickened. 
Decortication, therefore, was not indicated. The beneficial result seems 
to have been due entirel)' to the decompression. These cases, together 
with the descriptions of the operations performed on them, have been 
reported elsewhere by one of us." 

7. Graham, E. A.; Decompression of the Heart, .Ann. Surg. 90:817 (Nov.) 
1929. 



11. CYTOLOGY OF SEROUS EFFUSIONS, WITH 
SPECIAL REFERENCE TO TUMOR CELLS* 


ALFRED GOLDMAN, M.D. 

ST. LOUIS 

I he study of tiic cellular .structure of effusions is a valuable labora- 
tory jjroceclure. 1 be most satisfactory method of study is that devised 
b}' Mandlebaum.’ The fluid is placed in a large Erlenmeyer flask and 
allowed to stand over night in the icebox. The supernatant fluid is 
decanted and the sedimeiit [)oured in a large 50 cc. centrifuge tube and 
centrifugated for at least twenty minutes at a moderate speed. The 
supernatant fluid is, again decanted and the sediment hardened with a 
diluted solution of formaldehyde, U. S. P. (1:10) or Zenker’s fluid 
for twenty- four hours. The fixed sediment is then treated as ordinary 
tissue by running through alcohols, embedding in paraffin and staining 
with hematoxylin eosin. The tissue is cut from above down so as to 
include all the cellular elements. 

This report is based on the study of fifty efl'usions ])repared by this 
method from serous fluids in cases of malignant, cardiac and tubercu- 
lous disease. Incidentally, the specific gravity was noted in all fluids. 


.^rA^,Ia^•A^•T EFFUSIONS 

There were tweiit}- cases of malignant disease in this series proved 
by autopsy, biopS}- or a palpable mass, with gross characteristics of a 
malignant tumor. Effusions from these cases were studied with par- 
ticular reference to the presence or alxsence of tumor cells. Zemansk}'" 
pointed out that in his series studied by Mandlcbaum’s method 60 per 
cent of fifty-five cases of carcinoma showed tumor cells in the effusions. 
In this smaller series, SO per cent of the effusions showed cells which 
were interpreted as being malignant. A positive diagnosis of tumor 
cells may be made with the highest degree of accuracy. A negative 
diagnosis does not, of course, rule out a malignant condition. Obvi- 
ously, there must be contact between the tumor and the fluid before 
tumor cells are "shed." 

Tumor cells, as has been pointed out by Zemansky and others, 
appear in two main forms; (a) fragments of tumor tissue often 
showing glandular or pseudoglandular arrangements or clumps of tumor 
cells, and (&) isolated tumor cells, the characteristics of which will be 
mentioned later. 

* From the Department of Medicine, Washington University Medical School 
and Barnes Hospital. 

1. Mandlebaum, F. S. : Proc. New York Path. Soc., 1900, p. 178. 

2. ZemAnsky, A. P. : Am. J. M. Sc. 175:673, 1928. 
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The first type is easy to diagnose and predominated in this series 
(thirteen cases). The cell clumps stand out as large deep-staining cells 
amid various types of blood cells and mesothelial cells (fig. 1). Occa- 
sionally the tumor fragments may be seen almost exclusively at the 
bottom of the centrifugate. 

It is in those cases in which individual tumor cells occur that one 
may have difficulty in making a diagnosis. There were three such 
cases. Criteria for diagnosis here are large atypical dee])-staining cells, 



with a large eccentric nucleus or with several nuclei, sometimes show- 
ing mitotic figures, often vacuolated. Mesothelial cells which may or 
may not be clumped, occurring in transudates of long standing,* are 
at times confusing. These must be carefully studied and differentiated 
by the criteria mentioned (fig. 2). 

The cells often assume a glandular arrangement (eight cases) 
(fig. 3). The tumor cells may thus resemble the original tumor 
(fig. 4). In one case both pleural and peritoneal fluids were obtained 
and both specimens showed the same type of cell. ’ 
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A fluid may he positive at one examination and later appear nega- 
tive. A patient with carcinoma of the pleura in whom the condition 
had metastasized from a bronchia! carcinoma developed an effusion 
wliich on tlie first examination revealed many tumor cells. Two months 
later, a second tapping was done in which no tumor cells were found 
It is possible that the fluid obtained from the second tapping came 
from an encysted eflusion and not from the large pleural effusion. The 



Fig. 2. — Pleural fluid from a case of melastafic carcinoma of the breast Note 
the mitotic figure, liigh power magnification 


sputum in this case was tieated by the same method and revealed no 
tumor cells. 

Case 32 shows the necessity of careful search for tumor cells. While 
in the majority of cases cells are present in abundance, in this instance 
only one group of cells was found on which the diagnosis of malignant 
disease was made. A biopsy of a tumor of the neck revealed a 
metastatic carcinoma probably from the bronchus. 

Tumor cells may appear in an effusion soon after the appearance 
of the fluid. In case 35 (autopsy confirmation), the patient developed 
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signs of pleural effusion while under observation. Tapping and study 
of the fluid a week after signs of fluid had developed showed munerous 
cancer cells. Figure 5 shows an adenocarcinoma in a pleural effusion 
which followed several months after removal of a breast for carcinoma 
in the male. 

Four cases in which a positive diagnosis of tumor cells was made 
came to autopsy. All showed direct contact of cancer tissue with the 



Fig. 3. — Pleural fluid from a case of adenocarcinoma of the bronchus. N^te 
the alveolar arrangement; low power magnification. 


effusions which had developed. Apparently this is essential before 
tumor cells are “shed” into the serous cavity. 

The four negative examinations occurred in proved cases of 
carcinoma. Case 7 was one of carcinoma of the liver with metastatic 
glands in the retroperitoneal tissue. There was no actual contact of 
tumor and fluid. Case 28 was one of adenocarcinoma of the ovary with 
peritoneal involvement. Fluid in this case was obtained at operation 
and revealed a purely hemorrhagic fluid. Case 49 was one of carcinoma 
of the right bronchus and right lung combined with tuberculosis of 
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the base of Ihe riglit hiiig. The fluid was small in amount and apparent 
onh’ after pneumotliorax. Autopsy showed a disa]ij)earance of fluid 
in the base of tlie right lung with replacement by filwinous adhesions. 
1 lie e/Tusion could possibly have been flue to an active tuberculosis of 
the base of the right lung, though there was also a tumor of the pleura. 
The fouith case was one of abdominal effusion in association with 
carcinoma of the liver, in which no postmortem examination was made. 



Fig. 4. — Section of gland of neck metastatic from adenocarcinoma of the 
bronchus in same case as in figure 3; low power magnification. 


In none of the other examinations made could tumor cells be 
recognized as such, nor was a confirmed clinical diagnosis of cancer 
made in any of these cases. Whenever a carcinoma is in direct contact 
with the effusion that it has produced, one should expect to find malig- 
nant cells bj' the method described. There were no proved cases of 
sarcoma in the series studied. Zemansky has pointed out that a sarcoma 
is less likely to shed cells into its effusion than a carcinoma, owing to 
the more densely packed character of the sarcoma structure. 
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The appearance of the effusions varied from a clear straw-colored 
fluid as seen in transudates to turbid, bloody fluids. All specimens 
contained red blood cells in large amounts, more than in any other 
type of effusion. The specific gravity of the fluids ranged from 
1.013 to 1.025 ; the average was 1.017. This figure is appreciably lower 
than that usually given in textbooks. There was no apparent relation 
between the specific gravity and the number of tumor cells present. 



Fig- 5.— Pleural fluid from case of metastatic adenocarcinoma of the breast in 
the male. Note nests of tumor cells ; low power magnification. 


CARDIAC EFFUSIONS 

There were ten cases of cardiac transudates, seven from the pleura 
and three from the peritoneum. All contained numerous red blood 
cells, less than in the cases of tumor and more than in the cases of 
tuberculosis. The predominating cell was the mesothelial cell, com- 
prising more than 50 per cent of all the cells present. There were 
usually a few macrophages containing blood pigment, similar to the 
“heart failure” cell in the sputum in cardiac cases. The remaining 
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cells were chiefly lymphocytes and occasional polymorphonuclear 
neutrophils. The longer the eflfusion has been present, the greater the 
number of cells present. Clumped mesothelial cells may be mistaken 
for tumor cells. The former are usuall}' smaller, more regular, have 
a single nucleus, show no mitosis, and do not stain so deeply as do the 
tumor cells. The specific gra vit}' of these fluids varied from 1.008 to 
1.014, with an average of 1. 01 2. 

TUIiERCULOUS EFFUSIONS 

There were twelve cases of tuberculosis in the series, ten from the 
pleura and two from the peritoneum. The predominating cell in nine 
specimens was the lymphocyte and in three the polymorphonuclear 
neutrophil. A few large mononuclears were nsuallj' present. In all 
cases red blood cells were jrresent, but to a distinctly less extent than 
in tumor or cardiac effusions. The specific gravity ranged from 1.019 
to 1.026; the average was 1.023. Eight of the sections were stained 
for tubercle bacilli, but none was found. This method, which theoreti- 
cally should increase the possibilities of finding tubercle bacilli, is 
deserving of further study. 

MISCELLANEOUS CASES 

There were a number of miscellaneous cases with effusions which 
were studied. Two will be mentioned here. A pleural effusion in a 
case of Hodgkin’s disease showed an equal mi.xture of lymphocytes 
and large mononuclear cells. There were about 10 per cent of cells 
containing elongated nuclei. A patient udio had several large glands 
in the right side of the neck developed a right pleural effusion. Biopsy 
of a gland of the neck sho\ved a chronic lymphadenitis, according to 
the pathologist. The effusion showed many large l)'mphoc3'tic cells 
similar to the type of cell noted in the gland. This observation would 
suggest a lymphosarcoma. The patient is still under observation. 

The urine from two patients with hypernephroma was studied, but 
no characteristic cells were found. Study of centrifugates prepared 
from urines is unsatisfactor}^ 

CONCLUSIONS 

1. Effusions resulting from carcinoma show “cancer cells” in a large 
majority of cases. These effusions show considerable blood. The 
specific gravity averages 1.017. 

2. Cardiac transudates show a predominance of mesothelial cells. 
Red blood cells are abundant. The specific gravity averages 1.012. 

3. Tuberculous effusions show a predominance of lymphocytes. Red 
blood cells are usually few. The specific gravity averages 1.023. 



SURGICAL TREATMENT OF INTRATHORACIC 

TUMORS * 

STUART W. HARRINGTON, M.D, 

ROCHESTER, MINN. 

The occurrence of intrathoracic new growths has been known for a 
great many years, but their recognition during life has been rare until 
comparatively recent years. The rapid advancement made in methods 
of thoracic diagnosis, especially since the use of the roentgen ray, has led 
to the early diagnosis of intrathoracic tumors and to the application of 
various types of treatment for the relief from symptoms. Roentgen 
rays and radium are probably the most commonly used agents in con- 
servative treatment. In some of the cases of malignant tumors, such as 
the different types of malignant lymphomas and some of the sarcomas, 
there has been marked improvement. The lack of response of many 
of the tumors to the more conservative methods of treatment has 
stimulated surgical intervention with the view of radical removal of the 
diseased tissue. 

I have previously reported five cases of intrathoracic tumors which 
were removed by transpleural operation. I am now reporting twelve 
additional cases, with a brief summary of the symptoms and methods 
of diagnosis and the surgical treatment. My purpose is to point out the 
difficulties encountered in many cases in establishing a definite clinical 
diagnosis of either benign or malignant tumors, to demonstrate the 
advisability of complete removal of benign tumors which may ultimately 
cause death from pressure on the surrounding organs, to show that the 
results of radical removal of malignant growths compare favorably with 
the results of surgical removal of malignant lesions elsewhere in the 
body and to emphasize the importance of early surgical intervention 
before the malignant growths have advanced beyond the possibility of 
surgical removal, and in the case of benign tumors, before they have 
caused serious injury to surrounding organs due to pressure or before 
they have undergone malignant change. 

SIGNS and symptoms 

There are no characteristic signs by which early malignant intra- 
thoracic tumors can be distinguished from benign intrathoracic tumors. 
The general condition of the patient is a great aid in establishing a diag- 
nosis when this is correlated with the more special types of examination. 

* From the Division of Surgery, the Mayo Clinic. 
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The symptoms depend on the situation and the size of the tumor. 
They may be divided into two groups : those due to pressure or infiltra- 
tion into the surrounding structures, and those due to inflammatory 
reaction in the tumor itself. The most common initial symptom is pain, 
which usually is in the wall of the chest at the site of the tumor, and 
which may be referred to different parts of the chest or arm, depending 
on the site of the tumor. In this group of cases, the initial symptom in 
fourteen cases was pain varying from two months to twenty-four years 
in duration. The pain was intermittent at the onset and often was 
precipitated h_v some inflammatory condition of the lungs, such as a 
severe cold or pneumonia, or often by e.xtreme exertion. The pain in 
such cases is usually progressive, gradually becoming more or less con- 
stant. It is the usual symptom for which the patient seeks relief. The 
significance of this cannot be overestimated, as in several of the cases 
here reported the patients complained of pain in the chest for a long 
time before a thorough examination was made. In one instance, the 
patient had complained of pain in the upper right part of the thorax, 
that radiated down the arm, for more than twenty-four years. The first 
roentgenogram of the thorax was taken four j^ears before admission, and 
the presence of a tumor was noted in the upper right part of the thorax. 
When this tumor was removed at operation it was found to have under- 
gone malignant degeneration. It does not seem logical to assume that 
this tumor was malignant at the onset. 

Dyspnea on exertion was noted in eleven cases; usually this is not 
noted on normal respiration, unless the tumor is enormous or if there is 
an associated pleural effusion. In three of the cases, there was a Horner 
syndrome, caused by pressure on the inferior cervical sympathetic 
ganglion. In all of these cases the tumor was malignant. Coughing 
and expectoration are not significant symptoms and are usually noted 
only when there is some irritation of the diaphragm or in dermoid 
tumors connected with or closely adherent to one of the main bronchi. 
Loss of weight is commonly noted in cases of malignant tumor and is 
often helpful in differentiating benign and malignant lesions, but at 
times it is noted also in benign lesions. 

GENERAL EXAMINATION 

Bulging of the wall of the chest was noted in five cases. In three of 
these cases there had been a history of previous injury ; however, it is 
questionable whether the injury had any bearing as an etiologic factor. 
In twelve cases palpable tumor was not demonstralile. Pleural effusion 
ma}^ be present in either benign or malignant tumor but is more com- 
monly associated with a malignant growth. 
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METHODS 01' DIAGNOSIS 

The physical examination is valuable in determining the general con- 
dition of the patient and is often of great aid in the differential diagnosis. 
It is of greatest aid, and often the deciding factor, in determining the 
advisability of surgical intervention. 

The roentgen ray undoubtedly is the most valuable single method of 
diagnosis, and the importance of a thorough roentgenographic examina- 
tion of patients who present suggestive symptoms cannot be overesti- 
mated. The single roentgenogram is useful in determining the presence 
of an intrathoracic tumor, and it affords definite knowledge as to its 
lateral and vertical position in the thorax. The lateral roentgenogram is 
of value in determining its position relative to the vertical and antero- 
posterior axes of the thora.x and its relation to the anterior and posterior 
thoracic wall. The stereoscopic roentgenogram furnishes more definite 
knowledge as to the relation of the tumor to the normal structures 
within the thorax. 

Artificial pneumothorax, when it can be employed in the absence of 
adhesions, is of great value in determining the relation of the tumor to 
the lung. In those cases in which the tumor is situated outside of the 
lung the introduction of oxygen gas in the pleural cavity will collajise 
the lung, and the tumor can be more distinctly visualized by roentgeno- 
graphic methods. If the tumor is within the lung or if it is an anterior 
mediastinal tumor to which the median surface of the lung is adherent, 
the peripheral pulmonary tissue will collapse over the tumor. The 
posterior mediastinal tumors are usually not firmly attached to the 
parenchyma of the lung which will collapse away from the tumor readily 
on the introduction of oxygen. This method is of greatest benefit as an 
aid in distinguishing between . intrapulmonary and extrapulmonary 
lesions. 

Injection of iodized poppy seed oil 40 per cent within the bronchial 
tree often is of value in distinguishing between intrapulmonary and 
extrapulmonary lesions. Bronchoscopy has been a valuable addition to 
the diagnostic armamentarium. The presence of tumors outside of the 
lung, which cause pressure on the bronchi, often is suggested by signs 
of narrowing of the bronchi. This method is most useful in diffiential 
diagnosis, as in many instances of intrabronchial disease the diagnosis 
can be definitely established. 

SURGICAL TREATMENT 

The chief problems associated with the surgical removal of intra 
thoracic tumors are the difficulty of access through the bony incasemeni 
of the thorax and the danger of causing open pneumothorax with 
monary collapse and mediastinal flutter. ’ 
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The surgical approach depends, to some extent, on the site and type 
of tumor. If the tumor is attached to the lateral thoracic wall, I prefer 
to make the incision in that part of the wall of the chest which lies 
over the tumor ; the site is determined by' study of stereoscopic roent- 
genograms. If the tumor is in the anterior or posterior mediastinum, I 
prefer posterior thoracotomy, varying in vertical direction with the site 
of the tumor. 

In several cases I have attempted extrapleural removal of posterior 
mediastinal tumors but alway's have found the pleura so adherent to the 
tumor that the pleural cavity' was opened during its removal. This 
results in a condition of open pneumothorax, complicated by wide 
separation of the lay'crs of the pleura, which delays healing; moreover, 
there is greater possibility of e.xtensive pleural effusion. In one case the 
operation was performed in two stages. In the first stage an attempt 
was made to wall off the pleural cavity', but this failed because of pleural 
effusion which followed the first stage. In sixteen cases a transpleural 
operation was done in one stage. As no two cases are alike, the detail of 
the technical problem differs in each. This is given in the report of each 
case that is to follow. 

The danger of open pneumothorax, with pulmonary' collapse and 
mediastinal flutter, has been overcome by the use of intratracheal anes- 
thesia induced by means of apparatus by which anesthetic gas and oxygen 
are administered under positive pressure. Ethy'lene or acetylene gas 
was used in all cases. The proper administration of the anesthetic 
should be in the hands of a skilled anesthetist. In cases in which partial 
collapse of the lung is required, the lung should be permitted to expand 
fully' every four to five minutes during the operation. A suction pump 
should be applied to the intratracheal catheter before it is withdrawn to 
remove any mucus which may have accumulated in the trachea. 

The after-care is important in these cases. All patients are given, 
intravenously, physiologic solution of sodium chloride or of dextrose. 
If there has been a fall of from 20 to 30 mm. of mercury in the blood 
pressure, a blood transfusion is given. 

Postoperative pleural effusion occurs in practically all cases. In 
some cases aspiration will be required to relieve respiratory embarrass- 
ment, and if such embarrassment is not present, it will not be required, 
as the effusion will absorb rapidly. In many cases there is considerable 
hemorrhage, and in these cases, closed intercostal drainage should be 
instituted at the time of operation, and the tube should be removed at 
the end of from twenty-four to seventy-eight hours. Empyema is not 
uncommon after removal of infected dermoid cysts or in cases in which 
there has been injury to the pulmonary tissue. In these cases the 
patients are best treated by the closed method of intercostal drainage, 
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and in some cases resection of a rib may be required later. Patients 
with marked pulmonary collapse, dyspnea and cyanosis are best treated 
by being placed in an oxygen chamber; it often proves to be a life-saving 
procediu'e. 

In nine cases in the group to be reported the tumor was benign and 
was completely removed by a transpleural one-stage operation. There 
were no deaths in this group. All of the patients have been completely 
relieved from symptoms, and a complete cure is to be expected. In this 
group of nine cases there was one case of osteochondroma, three cases 
of anterior mediastinal teratoma, three of posterior mediastinal neuro- 
fibroma, and two of cellular fibroma. In one of the cases of cellular 
fibroma, the growth originated in the upper posterior mediastinum, and 
in one, in the lower posterior mediastinum. In this group, it was not 
possible to make a definite clinical diagnosis of either a benign or a 
malignant lesion, and in several instances the clinical evidence was sug- 
gestive of a malignant condition. In one case bloody fluid had been 
aspirated from the chest on several occasions. I believe this group exem- 
plifies the importance of exploration in all cases in which the diagnosis 
cannot definitely be established, and there is reason to believe, from the 
examination, that the tumor can be removed. 

As would be expected, the results in cases of malignant tumors are 
not so satisfactory as in benign tumors. Of this series of seventeen 
cases, eight lesions proved to be malignant at the time of operation. In 
two of these cases the lesion was so extensive that only partial removal 
was possible. In six cases the tumor was removed completely. The 
results of operation in these eight cases are as follows : 

Two patients are now living without evidence of recurrence, one 
patient three years and nine months after operation. The lesion in this 
case was an osteogenic fibrosarcoma originating on the wall of the chest ; 
this was the only case in which a two-stage operation was performed. 
The other patient is living one year and seven months following opera- 
tion. The growth in this case was a huge malignant endothelioma involv- 
ing the entire lower part of the wall of the chest and diaphragm, 
necessitating resection of the portion of the diaphragm with the involved 
wall and closure of the opening with the relaxed diaphragm following the 
cutting of the phrenic nerve. I have heard from both of these patients 
recently, and they are doing their usual work. 

The remaining six patients have died since operation, one patient of 
recurrence two years and two months after operation and after freedom 
from symptoms for a year and a half. The growth in this case was a 
fibrosarcoma and was known to have been present four years before 
operation ; probably it was a benign fibroma at the onset Four patients 
were benefited only slightly, if any, from the operation; in two of these 
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cases the growth was so extensive that exploration only was done, and 
in the remaining two cases the tumor was remov'ed. These four patients 
died from recurrence within the first six months following the operation. 
Tlie remaining patient, who had a teratoma which had undergone 
malignant degeneration to squamous cell epithelioma graded 4, died 
seven days following operation from cerebral hemorrhage; this was the 
onl}' operative death in the series. The result in this group of malignant 
cases is not satisfactory, hut it is at least encouraging in that a third of 
the patients were markedly benefited bj'- the operation, and the results, I 
believe, compare favorably with those of highly malignant lesions else- 
where in the bod}'. It exemplifies the importance of early diagnosis and 
earl}’ surgical intervention before the disease has progressed beyond the 
limit of radical excision. 

Following is a summary of the history, results of general examina- 
tion, metliods of diagnosis, type of operation and the subsequent course 
in the twelve cases in whicli operation was performed and which have 
not been reported previously. 

UKPOKT OK CASES 

Case 1. — A man, aged 56, was admitted to the Mayo Clinic on Jan. 23, 1928. 
The final diagnosis was intratlioracic osteochondroma, of tlie upper left anterior 
portion of the thorax. The chief complaint was pain in the upper left part of the 
chest of twenty montiis' duration. The patient had not had symptoms until 
twenty months before e.xamination, when dull, aching pain in the upper anterior 
left portion of the chest had developed. The pain had hcen present more or less 
at night and frequently had kept him awake. For several days at a time he would 
have periods of freedom from the pain. It had radiated to the back, and down 
the left arm, and had become more constant, with various intervals of relief, but 
had remained of about the same degree of severity. About three months after 
the onset of pain, the patient noticed a tumor in the left upper part of the wall 
of the chest, just below the inner margin of the clavicle, which gradually had 
increased in size until it was about 5 cm. in diameter. Symptoms had not been 
severe enough to cause him to stop work. He did not cough or e.vpectorate. There 
had been moderate dyspnea on exertion. Loss of weight had not been noted. 
Roentgenographic examination of the thorax, five years before admission, had 
disclosed evidence of a calcified area in the upper left part of the chest. There 
was no historj' of injury to the wall of the chest. 

General examination gave negative results except for the presence of a fi.xed 
tumor just below the clavicle, on the left side, about S cm. in diameter. There was 
marked-impairment on percussion, extending well beyond the limits of the palpable 
tumor. Moderate interference with transmission of breath sounds was noted. T e 
hemoglobin was 76 per cent and the leukocytes, 8,000 per cubic millimeter. The 
Wassermann reaction of the blood was negative. Roentgenograms of the thorax 
revealed evidence of a dense, calcified area in the anterior part of the upper lobe o 
the left lung. Apparently- it was chondroma of the cartilaginous ends of t e 
the second and third ribs, extending into the cavity of the chest. 

Anterior thoracotomy, with resection of half of the second and third ribs an 
intercostal muscle, was performed on Feb. 24, 1928. Transpleural removal o t e 
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intrathoracic portion of tlic tumor was effected. The thoracic cavity was dosed 
without drainage. Intratracheal ethylene anesthesia was used. The incision was 
made parallel with the clavicle; the pectoralis major was split and the pectorahs 
minor muscle was pushed aside. A soft, cystic tumor was found protruding from 
the second interspace and also in the midaxillary line from the third interspace. 
Apparently it arose from the juncture of the cartillagc with the second rib, 
posteriorly. The pleura was firmly attached to the tumor and could not be 
separated from it. The entire tumor, with the pleura, intercostal muscles, and 
portions of the second and third ribs was removed. The lung was adherent to the 
tumor and had to be separated for a distance of about 5 cm. (fig. 1 A). 

The operative diagnosis was large intrathoracic osteochondroma on the left 
side, 11 by 9 by 5 cm , arising from the cartilaginous juncture of the second rib 
posteriorly and extending into the cavity' of the chest, causing partial collapse of 



Fig. 1 (case 1). — A, roentgenogram taken at time of patient’s admission show- 
ing dense calcified area in the anterior part of the left upper lobe, apparently 
chondroma of the cartilaginous ends of the second and third ribs extending into 
the cavity of the chest; B, roentgenogram taken fourteen months after transpleural 
removal of intrathoracic tumor with partial resection of the second and third ribs 
anteriorly and the ninth rib posteriorly. The area of decreased density in the 
upper portion of the left side of the thorax is due to removal of the wall of the 
chest. The left lung is fully reexpanded. There is no evidence of recurrence of 
tumor (osteochondroma). 

the upper lobe of the left lung. The pathologic diagnosis was osteochondroma 
(fig. 1 B). 

There was considerable shock following operation. On the second day the 
pulse rate was 130 beats per minute and the temperature, 101 F. Moderate 
cyanosis was noted. This gradually became more marked and the patient was 
placed in the oxygen chamber on the sixth day. Following this he improved 
considerably and the cyanosis lessened. The left thoracic cavity was aspirated on 
the seventh day, and 750 cc. of bloody fluid was removed. This was repeated 
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on the eleventh and fourteenth days, and culture of the fluid showed a gram- 
positive coccus to be present. On the sixteenth day, the left thoracic cavity was 
drained by intercostal drainage after resection of about 2.5 cm. of the ninth rifa 
in the posterior axillary hhie. The thoracic cavity was irrigated with a surgical 
solution of chlorinated soda (Dakin’s solution), and the patient's condition 
improved progressively. The empyema cavity gradually became obliterated, and 
the patient was dismissed on the sixty-third day after operation, with the lung 
completely expanded and the wound entirely healed. The final result has been 
satisfactory. Six months after the removal of the tumor the patient returned for 
observation and was in excellent general condition (fig. 2), 



Fig. 2 (case 1). — Scar of anterior thoracotomy fourteen months after trans- 
pleural removal of intrathoracic tumor. There is some retraction of the anterior 
wall of the chest which bulges on coughing. Tlie patient’s general condition is 
good ; he has gained 40 pounds and has complete relief from symptoms 

It is of interest in this case that five years preA'ioiisiy roentgenograms 
of the thorax disclosed a calcified area in the upper left part of the 
thorax and that symptoms were not noted until nearly three years later. 
There was no palpable tumor during this time, and the slight bulging 
was not noted until three months after the onset of pain. The pain was 
more or less constant after its onset. The reflex pain, radiating down 
the arm, is not uncommon in lesions of the upper part of the tliorax. 
The good general condition of the patient, was clinical evidence that the 
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tumor was benign. Because of the apparent involvement of the second 
rib, the anterior surgical approach was used, which would permit remov- 
ing the entire wall of the chest with the tumor. The necessity of remov- 
ing such a large area of the wall of the chest with the tumor with only 
pectoral muscle, subcutaneous tissue and skin to close the thoracic 
cavity, resulted in collapse of the lung and an associated bloody pleural 
effusion which was aspirated on several occasions. 

The oxygen chamber is of great benefit in cases in which there is 
marked pulmonary collapse. The patient should be given oxygen until 
there has been some reexpansion of the lung. However, I believe it is 
advisable to remove the patient from the oxygen chamber as soon as the 
condition will permit. 

The emp3'ema, in this case, probably resulted from a slight infection 
of the wound, as the fluid removed from the first aspirations was nega- 
tive to culture. However, the empj'ema may have been the result of the 
repeated aspirations necessary for removal of the pleural effusion. 


Case 2. — A married woman, aged 31, was admitted to the clinic on July 16, 
1928. The final diagnosis was left posterior mediastinal teratoma. The chief 
complaint was pain in the left arm and headache. There were multiple general 
complaints, such as migraine and constipation. She had had an indefinite pain in 
the left shoulder and arm more or less constantly for the year and a half previous 
to admission. She had had influenza six months before admission and since then 
the symptoms had been more marked. Considerable dyspnea on exertion had been 
noted. Her daily temperature had been from 99 to 100 F. Cough or expectora- 
tion had not been present. There had been some soreness of the left part of the 
chest, which had been more marked when she was lying down and w'hich always 
had been present when she raised the left arm. Loss of weight had not been noted. 

Results of general examination were essentially negative. The hemoglobin 
was 76 per cent and the leukocytes numbered 6,600 per cubic millimeter. The 
Wassermann reaction of the blood was negative. Roentgenographic examination 
of the thorax revealed in the posterior mediastinum, behind the heart, the shadow 
of a mass that apparently was attached to the spinal column, and was probably 
the shadow of a malignant tumor. Fluoroscopic examination showed a nonpulsile 
tumor (fig. 3). 

On Oct. 10, 1928, left lower posterior thoracotomy was done, with removal of 
12 cm. of the eighth rib and section of the seventh and ninth ribs at the costo- 
vertebral angle. Transpleural complete removal of the tumor was effected. Intra- 
tracheal ethylene anesthesia was used. The thoracic cavity was closed without 
drainage. 


There was an irregular cystic tumor, arising, apparently, from the eighth inter- 
costal space posteriorly and 5 cm. lateral to the thoracic aorta. It seemed to arise 
behind the pleura and had a broad elliptical attachment to the pleura. The tumor 
was adherent to the lower lobe of the right lung and also along the interlobar 
fissure between the lower and middle lobes. The adhesions were separated and 
the tumor was found to arise from the posterior mediastinum, close to the thoracic 

20rt3 
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The operative diagnosis was of left posterior mediastinal teratoma, measuring 
IS by 10 by S cm., attached to the thoracic wall, behind the pleura, at the eighth 
interspace posteriorly. 

Pathologic examination revealed a cystic tumor lined with columnar epithe- 
lium, the wall of which contained cartilage and mucous glands. Probably it was 
part of the bronchial tree that had failed to develop. The tumor was filled with 
degenerated, cellular debris and mucus. 

Convalescence was uneventful. The patient had little reaction from the opera- 
tion. The pulse rate was 110 and the temperature was 100 F. on the second day. 
The temperature dropped to normal and the pulse rate to 70 on the si.xth day and 
remained there throughout the remainder of convalescence. Dismissal from the 
hospital was on the twenty-second day, with the wound entirely healed. A roent- 



Fig. 3 (case 2). — Roentgenogram taken at time of patient’s admission. The 
shadow extended from the posterior mediastinum posterior to the shadow of the 
heart in the left side of the chest at the level of the seventh and ninth ribs. The 
smooth outline suggests benign tumor. 

genogram of the thorax at this time was negative. The subsequent course has 
been satisfactory'. In a letter received April 12, 1929, the patient stated that her 
general condition has improved greatly and she has gained 14 pounds (6 4 Kg.) 
in weight. She still has many general symptoms, none of which is referable to 
the tumor. 

It is questionable how much bearing the presence of the tumor had 
on the many general complaints of this patient, but it seems probable that 
the pain in the left shoulder and arm was the result of the tumor, espe- 
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cially since the symptoms were augmented by influenza. The roentgeno- 
grams of the thorax were difficult to interpret Ijecanse of the position 
of the tumor behind the shadow of the heart. Tlie somewhat infil- 
trating character of the margin of the tumor suggested that it might be 
malignant. However, the general condition of the patient did not 
indicate a malignant lesion. The tumor was readily exposed by posterior 
thoracotomy after the lung had been retracted forward. The lack of 



Fig. 4 (case 2). — ^The site of the left posterior mediastinal teratoma adherent 
to the hiium of the left lung, aorta and wall of the chest, posteriorly. 

complications, postoperatively, is rather unusual considering the amount 
of adhesion between the lung and the wall of the chest which it was 
necessary to separate. Slight pleural -effusion developed. However, it 
did not occasion any respiratory embarrassment; the fluid was nqt 
aspirated and was rapidly absorbed. The roentgenogram taken at the 
time of dismissal showed the lungs and pleura to be normal, with full 
expansion of the lung. 
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Case 3.— A married woman, aged 48, was admitted to the clinic on Feb. 8, 1929. 
The final diagnosis was intrathoracic teratoma (dermoid cyst) of the anterior and 
superior mediastinum projecting slightly more into the left than into the right 
side of the thoraeic cavity. The chief complaint was of pain in the left anterior 
part of the chest and in the back, of fifteen months’ duration. Her present symp- 
toms had begun fifteen months before admission, at which time she had been ill 
for about a week, without fever, but with much pain in the left anterior part of 
the chest, above the heart. This had been diagnosed as pleurisy. The pain had 
been made worse by coughing, sneezing, breathing deeply and by pressure on the 
anterior, upper left portion of the wall of the chest. The patient had been unable 
to lie on the left side and in attempting to do so, she had become dyspneic and 
had been obliged to sit up. The first attack had lasted about a week and the pain 
gradually had subsided but never had disappeared entirely. She had had repeated 
attacks of this type, which had come on without any known cause, and in the 
more recent attacks, a choking sensation, associated with the pain, had developed. 
These attacks gradually had been getting more frequent and severe, until shortly 
before admission they had been almost constant. The pain had remained in the 
same situation, had radiated through the chest, into the back, and had been made 
worse by any exertion. Cough, abnormal sputum or hemorrhage were not present. 
The patient gradually had hecn losing weight and strength, and at the time of 
admission had been unable to do her work. The attacks had been so frequent and 
severe at night that she had been restless and unable to sleep. 

The patient looked tired. She had lost 11 pounds (5 Kg.) in weight during 
the six months previous to admission. There was slight prominence of the second 
rib, just to the loft of the sternum. Examination of the thorax revealed in the 
upper part of the mediastinum an area of dulness 11 cm. wide anteriorly and 
14 cm. wide posteriorly. Urinalysis was essentially negative. The hemoglobin 
was 73 per cent and the leukocytes numbered 13,100. The Wassermann reaction of 
the blood was negative. Roentgenograms of the thorax revealed evidence of a 
tumor in the upper left part of the mediastinum, anteriorly, which probably was 
benign. The fluoroscopic examination showed that the tumor was nonpulsile 
and in the anterior mediastinum ; the lateral view showed the posterior mediasti- 
num to be clear, with a rounded tumor in the anterior mediastinum (fig. S). 

Left posterior thoracotomy' was done on Feb. 16, 1929, with resection of the 
seventh and section of the eighth, sixth, fifth and fourth ribs and intercostal 
muscles. Transpleural complete removal of the anterior mediastinal tumor was 
effected. The thoracic cavity was completely closed without drainage (fig. 6). 

Approach was through a posterolateral incision, made at the level of the seventh 
rib; the greater portion of the seventh rib was removed. After the ribs had been 
cut above and below, the pleural cavity was exposed by incision through the 
posterior periosteum of the seventh rib. The left lung was found to be adherent 
to the anterior wall of the chest. These adhesions were separated, and the upper 
lobe of the lung was found to be adherent to the cystic mass in the anterior and 
superior mediastinum. The median surface of the upper lobe of the lung was 
separated from the cystic mass and from the pericardium to which it was also 
adherent. The adhesions were firm and almost throughout necessitated dissection 
with the knife. After the lung had been separated from the tumor, the tumor was 
found to be adherent to the upper portion of the pericardium, to the pulmonary 
artery and to the ascending aorta, with an irregular projection extending under 
the arch of the aorta. The tumor also was adherent to the sternum and to the 
right mediastinal pleura, from which it was separated without opening into t e 
right pleural cavity. The sac was ruptured during its removal, was found to be 
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muUilocular and to contain sebaceous material and hair. The cut ends of the 
fourth, fifth, sixth and eighth ribs were then tied together and the pleural cavity 
was completely closed with running sutures of plain catgut. The lung was 
inflated by positive pressure just before the thoracic cavity was closed. The 
patient stood the operation satisfactorily. The blood pressure was 95 systolic 
and 75 diastolic, measured in millimeters of mercury, and the pulse rate was 120. 

The operative diagnosis was of intrathoracic teratoma (dermoid) of the 
anterior and superior mediastinum, projecting slightly more into the left side of 
the thoracic cavity than into the right side. Pathologic e-xamination disclosed a 
mediastinal dermoid cyst containing hair, sebaceous material, sweat glands, seba- 
ceous glands and th\ mic tissue. The cyst probably had originated in the thymus 
gland (fig 7). 



Fig. S (case 3) —Anteroposterior view taken at time of patient’s admission 
showing tumor in the upper left mediastinum anteriorly, probably benign. 

Convalescence was uneventful except for slight pleural effusion which did not 
require aspiration. The pulse rate remained at about 120 for three days and then 
gradually dropped to 90 bj'' the tenth day. The temperature varied between 100 
and 99.5 F. until the ninth day, when it dropped to normal and remained there 
throughout the ensuing period of convalescence. The patient was dismissed from 
the hospital and was permuted to return home on the twenty-fourth day, at which 
time the wound was entirely healed. 

Roentgenographic examination of the thorax at the time of her dismissal 
showed the lung to be completely expanded. She returned for observation in about 
one month at which time she was found to be in e.xcelletU general condition. 
Symptoms were relieved completely (fig. 8). 

The clinical history in this case is of interest in that the lesion was, 
at the onset, diagnosed as an inflammatory condition of the pleura. The 
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lijstory was that of ptogi essive, nici easing pressure in the mediastinum. 
There was inai i^-ecl dyspnea, and a choking sensation, which probably were 
the 1 esiilt of pi essui e on the great vessels of tlie mediastinum This pres- 
sure, in turn, was caused In’ gradual increase in the development of the 
tumor. The pressure became so great as to cause slight bulging at the 
sternal end of the second rib on the left side The roentgenogiams of the 



Fig 6 (case 3) —Left posterior thoracotonn «ith resection of the seienth nb 
and transpleural evposnre of the anterior mediastinal teratoma 


thoiax weie accutate in locaiwmg the tumoi and in giving the probable 
diagnosis in this case The surgical approach, thi ough postei lor thoraco- 
tomy, was satisfactory in that the adheient lung was readily separated 
from the tnmoi The lung was allowed partially to collapse This 
brought the mediastinal structures clearlv into view The tnmoi then 
could be separated from the pencaidium and great vessels with lift e 




Fig. 8 (case 3) .—Pleuritic adhesions of the left base and lung fully reexpanded 
six weeks after transpleural complete removal of the anterior mediastinal teratoma 
resection of the seventh rib, and section of the eighth, fifth and fourth ribs. 
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danger of injury. The mediastinal pleura of the right pleural cavity 
could be separated easily from the wall of the tumor with the minimal 
danger of injury or of pneumothorax on the right side. 


Case 4. — A woman, aged 19, was admitted to the clinic on Oct. 18, 1928. The 
final diagnosis was intrapulmonary teratoma (congenital cyst) of the middle and 
lower lobes of the right lung. The chief complaint was pain in the right side of 
the chest of one year’s duration. She had been in good health until one year 
before admission, when she had begun to have severe sharp pains in the right side 
of the chest, anteriorly and extending along the right costal margin posteriorly. 
The pain had been like that of pleurisy and had been noted especially on deep 
breathing, coughing, sneezing and so forth. The pain had been so troublesome 
that she had consulted her home physician one year before she had come to the 
clinic, but nothing had been found. The pain had been intermittent and had disap- 
peared entirely for from two to three weeks at a time, until one month before 
admission, when she had become acutely ill and had been in bed for one week 
with severe pain in the anterior right portion of the chest. There had been marked 
dj'spnea and moderate fever. A diagnosis of pneumonia had been made at that 
time. She had not had cough or night sweats and had not lost weight until shortly 
before she had come to the clinic. Dyspnea on slight exertion had been present 
for a year. Flecks of blood had been noted in the sputum for one month. 


The results of general examination were essentially negative, except for the 
discovery of a localized area of dulness in the right anterior part of the chest, 
with absence of breath sounds in this area. There was evidence of slight joss of 
weight. There was moderate secondary anemia, with hemoglobin of 58 per cent. 
The Wassermann reaction of the blood was negative. Examination of sputum 
was negative for bacilli of tuberculosis. Roentgenograms of the thorax revealed 
a large, infiltrating tumor extending from the seventh to the tenth ribs posteriorlj’, 
which apparently arose in the hilum of the right lung. The lateral view revealed 
a large tumor in the right anterior portion of the thorax (fig. 9 A and B). 

As part of the preoperative preparation, bronchoscopy was done Oct. 24, 1928. 
Results were indeterminate. There was no evidence of an intrapulmonary tumor 
but slight compression of the right main bronchus suggested the presence of an 
extrapulmonary tumor causing pressure on the bronchus. 

Right posterior thoracotomy was done Oct. 31, 1928, with removal of the 
seventh rib. Transpleural complete removal of the intrathoracic tumor was 
effected. Transfusion of 500 cc. of blood was carried out. The pleural cavity 
was drained by intercostal closed drainage through the ninth intercostal space. 
Intratracheal ethylene and ether anesthesia were employed. Approach was through 
an incision made parallel with the seventh rib, from the posterior angle to the 
sternum. The seventh rib was removed by subperiosteal resection, and the 
pleural cavity was opened by incision through the posterior periosteum. On 
exploration of the right thoracic cavity, the diaphragm was found to be firmly 
adherent to the lower lobe of the right iung posteriorly. The adhesions were 
separated. The anterior portion of all three lobes of the lung was adherent to 
the lateral anterior wall of the chest and to the diaphragm. The adhesions were 
partially separated from the middle and upper lobes, allowing them to retract 
backward. It was possible to feel a large cystic tumor, completely surrounded 
by pulmonary tissue which was collapsed over the surface of the tumor. The 
tumor seemed to be in the center of the lung, with a small projection into the 
posterior mediastinum. As it was situated in the fissure between the upper and 
lower lobes, posteriorly, it was firmly adherent to all three lobes as well as to a 
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portion of the pericardial sac. The adhesions were separated, :iml a portion of 
the tumor was found dose to the hilum, completely surrounded hy pulmonary 
tissue of the upper lobe. This pulmonary tissue had to be cut through ui order 
to uncover the upper portion of the wall of the cyst. The cyst was inflammatory 
and was so adherent to the surrounding pulmonary tissue that it had to he dis- 
sected free with a knife. It ruptured during removal and was found to contain 
about 250 cc. of dark, brownish-green fluid. After the capsule had been dissected 
away from the surrounding tissues of the middle and upper lobes, the pulmonaij 
tissue was resutured with catgut. The opening in the pleura was completely 
closed with plain catgut and the muscles of the thoracic wall were resutured. The 
iiftision in the skin was then completely closed (fig. 10). 

The operativ'e diagnosis was of a large intrathoracic cystic teratoma, 10 by 
IS cm., originating close to the hilum of the right lung, extending partly into the 
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Fig. 9 (case 4).— A, anteroposterior view at time of patient’s admission show'- 
ing large infiltrating tumor extending from the seventh to the tenth ribs poste- 
riorly, apparently arising in the hilum of the right lung; B, lateral view at time 
of admission showing large tumor of anterior portion of the right side of the 
thorax. 


fissure between the upper and lower lobes of the lung posteriorly, and completely 
surrounded by pulmonary tissue, to which it was adherent. 


Pathologic study disclosed a cystic mass composed of a cyst with a fibrous 
wall which was filled with clotted blood. There was no definite epithelial lining. 
A solid area at one end of the tumor was composed of salivary glands, and of 
ducts and fibrous tubes, both lined wdth columnar epithelium that closely resem- 
bled epithelium of the bronchi. 

The immediate reaction to the operation was satisfactory. The pulse rvas 140 
and the temperature 103 F. on the first day. The temperature dropped to normal 
on the four h day and the pulse rate gradually dropped to 86, The intercostal 
drainage tube was used as a channel for irrigation with a surgical solution of 
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chlorinated soda, and in (his way Moody fluid was removed from the pleural 
cavity. After the eighth day, fluid could not he recovered, and the tube was 
removed on the tenth day. Two days hater the temperature gradually began to 
rise. On the seventeenth day the pleural cavity again was aspirated and fluid 
was found. Following the removal of the fluid the temperature dropped to normal 
and remained normal until the twentj’-eighth day; then it suddenly rose to 101 F. 
A slight cold developed : the patient ran a septic temperature, which rose to 102 F. 
On the twenty-ninth day, therefore, a portion of the ninth rib was resected, and 
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Fig. 10 (case 4).— Transpleural exposure of large right posterior mediastinal 
teratoma adherent to the diaphragm and to the middle and lower lobes of the right 
lung which were partially collapsed and ■adherent over its surface. 

a tube was inserted in the chest. A small empyema cavity was found. The tem- 
perature dropped to normal on the eighth day following the insertion of the tube. 
The tube gradually was removed, and the empyema cavity was entirely obliterated 
in three weeks following this operation. The patient was dismissed two months 
after the removal of the intratlioracic tumor. The lung was completely expanded 
and the patient was relieved from symptoms (fig. H)- 
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The clinical history in this case closely simulated that of the preced- 
ing case in that at the onset the condition was thought to be an mflatn- 
m^tory pleural or pulmonary lesion. The presence of moderate fevm 
durinc. the attacks of illness would indicate an inflammatory reaction n 
the tumor itself, which probably caused gradual increase m the size of 
the tumor which, in turn, produced progressive symptoms of pressure 
within the mediastinum and thorax. In this instance, the tumor Avas of 
sufficient size to cause partial collapse of the lung. Tlie bronchosco])ic 
examination was of aid in ruling out intrapulmonary lesions, and the 
slight compression of the right main bronchus suggested an extrinsic 



Fig. it (case 4).— Slight elevation of diaphragm. Normal appearance of lungs 
two months after transpleural complete removal of mediastinal teratoma and 
resection of seventh rib and portion of ninth rib. 


tumor. The value of latent roentgenograms was exemplified in this case. 
The anteroposterior stereoscopic views showed evidence of an infiltrat- 
ing type of tumor, suggesting that a malignant condition was present. 
This hazy outline probably was the result of the lung being collapsed 
around the surface of the tumor. Tlie lateral views disclosed that the 
posterior surface of the tumor had a smooth round appearance which 
strongly suggested the presence of a benign lesion. The surgical 
approach by posterior thoracotomy was satisfactory and the marked 
inflammatory reaction in the tumor was evidenced by the firm adhesions 
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to (lie lower loije of tiie lung which made it necessary to cut through the 
pulmonary tissue in order to remove the capsule of the tumor. Because 
of the marked inflammatory reaction of all of the surrounding struc- 
tures and the numerous bleeding points in the bed of the tumor, it was 
thought best to in.stitute intercostal closed drainage in this case at the 
time of the oiteration. J his comjjlication jirolonged convalescence from 
three to four weeks before the empyema wound was entirely healed. 

Casi; S.— .a man, aged 49, was admitted to tlic clinic on Feb. 12, 1929. The 
final diagnosis was large anterior and superior mediastinal mnltilocular cystic 
squammts cell cpiflieliorna, graded 4, probably malignant degeneration of a tera- 
toma. The chief complaint was pain in the left part of the chest and the left 
arm, of four years’ duration. The patient fir.st had noticed pain in the left upper 
anterior part of the chest and the left arm four years before admission. This had 
come on by spells and had been more or less severe. The patient had been fairly 
well until about three months before he came to the clinic, when the pain had 
become more or less constant and severe and sedatives had been required. For 
nine months he had noticed that it was hard for him to lie down, particularly on 
the left side, because of the pain and drawing sensation in the anterior upper 
portion of the chest. He had felt much better when he was up and about and he 
had not coughed or expectorated. He had had occasional night sweats and sharp 
pain in the left shoulder. The appetite had been fair, but he had gradually lost 
strength. He had lost 24 pounds (10.9 Kg.) during the last seven months. 

General c.xamination revealed moderate emaciation and moderate arterioscle- 
rosis. There was dulness to percussion, and bronchial breathing in the upper 
left part of the chest both anteriorly and posteriorly. Moderate clubbing of 
fingers also was noted. Urinalysis gave negative results. The hemoglobin was 
78 per cent and the leukocytes numbered 6,800 per cubic millimeter. The Wasser- 
manu reaction of the blood was negative. Roentgenograms of the thorax revealed 
evidence of a rounded, somewhat lobulated tumor in the left part of the medias- 
tinum. The lateral view siiowcd the tumor to be in the middle portion of the 
mediastinum. Fluoroscopic c.xamination showed that the tumor was pulsilc, pos- 
sibly an aneurysm (figs. 12 A aiid Z7). 

Preoperative preparation included left pneumothorax that was done for diag- 
nosis. Roentgenograms taken after pneumothorax revealed evidence that there 
was a large lobulated tumor in the right lung, situated about midway anteropos- 
teriorly, and that the lung was collapsed over the tumor. Fluoroscopic e.xamina- 
tion showed the tumor to be nonexpansile. 

Posterior left thoracotomy was done on Feb. 20, 1929, with resection of 16 
cm, of the eighth rib and section of the ninth, seventh, sixth and fifth ribs. Trans- 
pleural complete removal of the intrathoracic tumor was effected. Transfusion 
of 500 cc. of blood was carried out. The thoracic cavity was closed without 
drainage. Intratracheal ethylene anesthesia was used. The left pleural cavit} 
was opened by incising the pleura through the periosteum of the eighth rib. On 
exposing the anterior mediastinum, a mnltilocular, lobular, hard cystic mass 
could be felt between the lung and the pericardium and great vessels. The 
greater portion of the tumor extended into the left side of the thorax. The entire 
median portion of the lung between the upper and lower lobes was firmly adherent 
over the surface of the tumor, and the upper lobe was about a third collapsed 
by the tumor. The lung also was firmly adherent to the parietal pleura at the 
apex. The adhesions were old and vascular and had to be cut and ligated. 
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Alter the lung t\as dissected from the parietal pleura at the apex, the median 
portion was dissected from the tumor. The adhesions were so firm that sharp 
dissection with a knife was necessary. In some areas, it was necessary to remove 
the visceral pleura because of the firm adhesions. After the lung had been dis- 
sected free, the mass was found to be adherent to the upper third of the 
pericardium and to the great vessels in the mediastinum. Dissection was then 
started from the pericardium. The wall of the cyst was ruptured in an attempt 
to remove it and about 700 cc. of dark brownish fluid and granular material 
escaped. The sac was multilocular and lobulatcd and was firmly adherent to 
the pericardium, pulmonary artery, ascending aorta and the arch of the aorta, 
as well as to the right mediastinal pleura. It was impossible to follow any line of 



Fig 12 (case 5) —A, anteroposterior view on patient’s admission, following 
artificial pneumothorax showing large rounded tumor of the left lung, pneumo- 
thorax, and collapse of the lung around the tumor; B, lateral view following artifi- 
cial pneumothorax showing large lobulated tumor about midway anteroposteriorly 
apparently arising from the anterior mediastinum. The posterior mediastinum is 
clear. 


cleavage and the entire capsule had to be dissected away from these structures A 
small portion of the outer nail of the sac was left adherent to the pulmonarv 
artery and another small portion, which had projected under the arch of the aorta 
was le t ,n place. After the tumor had been removed, all bleeding points were 
controlled by ligatures. The cut ribs were sutured together with chromic catgut 
and the thoracic cavity was closed without drainage. The patient’s rnni1-t; 
tl.e close Of the operation was fair. The blood prlsure waT^Fs s tol m" ^ 
dinstohe, and the pulse rate was 116 (fig, 13). ^ ® ° 
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The operative diagnosis was large anterior and superior mediastinal multi- 
locuJar cystic squamotts cell cpifiieiioma, graded 4, probably malignant degenera- 
tion of a teratoma. The tumor was 20 by 18 by 15 cm. and was situated in the 
anterior and superior mediastinum, extending slightly into the right pleural cavity, 
and was adherent to the right pleura. There was a large projection into the left 
pleural cavity, with partial collapse of the left lung. Pathologic examination 
disclosed a degenerated, infected, squamous-cell epithelioma, graded 4 (fig. 14). 

The patient’s immediate reaction was satisfactory. The pulse rate varied from 
110 to 130 for the first five days. The temperature was 101.5 F. on the second day 
and dropped to normal on the third day, with remissions to 100; it varied between 
100 and normal until the sixth daj-. The respiratory rate ranged between 24 and 



Fig. 13 (case 5). — Site of the large multilocular cystic anterior mediastinal 
tumor firmly adherent to the pericardium, arch of the aorta, pulmonary arter}^ and 
median surface of the left lung. 

32 until the seventh day. Bloody fluid was aspirated daily from the chest after 
the third day. The patient’s condition seemed to be progressing satisfactorily untd 
the evening of the sixth day. when he had a sudden rise of temperature to 105 F. 
with increase in pulse rate from 110 to ISO and in respiratory rate to 44. He 
became irrational, partial paralysis of the left side developed and he died on the 
morning of the seventh day from cerebral embolism. 

The duration of symptoms, in this case, over a period of four years, 
would suggest the presence of a benign tumor which had undergone 
malignant degeneration. It is the largest tumor which I have encottn- 
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tered situated in the anterior mediastinum. Its situation was like that 
of the tumors in the two preceding cases ; however, this tumor was much 
larger and even more adherent to the surrounding structures. The 
capsule of the cyst was under marked tension from the contained fluid, 
and it was ruptured during its removal. The greater portion of the wall 
had to be dissected in pieces away from the surrounding structures and 
was found, on microscopic examination, to consist almost entirely of 
fibrous tissue except a portion of it which was situated in the anterior 
mediastinum above the arch of the aorta. It was in this portion of the 
capsule of the tumor that squamous cell epithelioma was found. The 



definitely encapsulated nature of the tumor nnri . o • , 

infil, rated i.„„ ,„e sr,rro„„di,.g strucZs W L rTr 
was probably a benign tumor. This emphasizes th ' ^ b''tgtbally it 
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showed tiiat tlie tumor liacl ijecn removed comi)IeteIy and that the opera- 
tive field was in good condition. There was no remaining evidence of 
malignancj' in the surrounding structures. 

Case 6.— jX married woman, aged 35, was admitted to tlie clinic on Feb. 14, 
1928, The final diagnosis was intratlioracic neurofibroma of the right part of the 
wall of the chest. The chief complaint was fatigue of two years’ duration. There 
was .soreness in the right shoulder and tumor of the right wall of the chest of 
eight years’ duration. 

The patient came to the clinic with multiple complaints of the type heard in 
cases of chronic nervous exhaustion, with marked anemia of indeterminate type. 
The hemoglobin was 36 per cent. This probably was responsible for a great many 
of the patient’s general symptoms. She had a small tumor of the right lower 
portion of the thoracic wall, between the eighth and ninth ribs, in the mida.xillary 
line. She complained of periodic pain at the site of this tumor. The growth was 
slightly movable, and seemed to come through the wall of the chest. , She had 
noticed the presence of the tumor about eight .years before admission, and there 
had been gradual increase in size. She was placed in the hospital under study for 
the anemia and was given two transfusions of blood, with only slight improvement 
in the condition. Removal of the intratlioracic tumor was advised. 

General examination revealed a tumor at the eighth intercostal space, in the 
midaxillary line, on the right side. The tumor was freely movable. The hemo- 
globin was 36 per cent; erythrocytes numberetl 3,650,000 and leukocytes 8,000 per 
cubic millimeter. Roentgenograms of the thorax showed evidence of a circum- 
scribed tumor arising from the parietal pleura, in the lateral aspect of the lower 
right part of the chest, and it probably was benign (fig. ISA). 

Preoperative preparation included transfusion of 500 cc. of blood, March 2, 
1928. This was given because of the marked anemia of indeterminate, although 
probably secondary, type. 

Posterior right thoracotomy, with partial removal of the seventh, eighth, ninth 
and tenth ribs, was done March 7. Transpleural complete removal of the intra- 
thoracic neurofibroma was effected. The thoracic cavity was closed without 
drainage. Intratracheal ether and ethylene anesthesia was used. Incision was 
made over the eighth rib, on the right posterolateral portion of the wall of the 
chest, and a small protruding part of the tumor was found between the eighth and 
ninth ribs. The large mass of the tumor was protruding into the thoracic cavity 
and e.xtendcd from the seventh to the tenth ribs. The ribs were resected well 
beyond the limits of the tumor and were removed, in one mass, with that portion 
of the wall of the chest and pleura which was adherent to the tumor. The latis- 
simus dorsi and serratus muscles were stitched over the area of the wall of the 
chest and the wound was closed without drainage. 

The operative diagnosis was intratlioracic degenerating neurofibroma of the 
right side of the chest, situated in the posterior axillary line and protruding 
between the eighth and ninth ribs. Pathologic examination revealed a cystic, 
hemorrhagic, degenerating neurofibroma. Convalescence was uneventful e.xcept 
for pleural effusion on the right side which necessitated aspiration on two occa- 
sions. The patient was dismissed from the hospital and from my care on the 
twenty- fourth day, with the wound entirely healed. At the time of her last visit, 
one year following the operation, she had no respiratory symptoms and had gained 
about 23 pounds (10.4 Kg.). The roentgenograms of the thorax showed the 
lungs to be normal. The hemoglobin had increased to 59 per cent and the erythro- 
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cytes to 4,380,000 per cubic millimeter. The leukocytes numbered 7,600 per cubic 
millimeter (fig. 15 5). 

The secondary anemia which was present in this case was not the 
result of the tumor but was an associated condition. Operation was 
advised because of the presence of the tumor in the thorax which was 
undoubtedly the cause of the pain in the right lower part of the thorax. 
This tumor was under so much tension under the pleura that it bad 
bulged through the eighth intercostal space. Since the opening in the 
pleural cavity was closed with muscle of the wall of the chest, accumula- 
tion of serum resulted which necessitated aspiration. Marked improve- 
ment in the patient’s general condition followed the operation. Not only 



Fig. 15 (case 6). — A, circumscribed lurnor in the lower portion of the right 
side of the chest presenting between the eighth and ninth ribs in the posterior 
axillary line and extending into the thorax from the seventh to the tenth ribs 
at time of patient's admission; B, roentgenogram taken one year after trans- 
pleural removal of large intrathoracic neurofibroma and partial resection of 
seventb, eighth, ninth and tentli ribs. The lung is fully reexpanded. 


did she have entire relief from pain in the right lower portion of the 
thorax, but the anemia also showed marked improvement, which prob- 
ably resulted from the improved general condition. 


CASr 7.— A married woman, aged 46, was admitted to the clinic on Sept IS 
1926. The final diagnosis was of large intrathoracic neurofibroma in the right 
upper part of the posterior mediastinum. The chief complain was palpitation and 
d>spnca on exertion, of two years’ duration. ’ 

Two years before admission the patient had noted loss of initiative and of 
energy and was easily fatigued. Palpitation of the heart, shortness of breath on 





1704 


ARCIIIVIiS OJ: SURGERY 


exertion and tremor with marked nervousness gradually had developed. The 
symptoms liad become more severe during the six montlis previous to admission. 
For one month she had noticed edema of the feet. She had lost IS pounds 
(6.8 Kg.l. She had gone to a hospital six weeks previous to her visit to the clinic 
and had been given treatment with iodine for three weeks, during which time she 
liad regained 5 pounds (2.3 Kg.). She had liad .some difiiculty in swallowing 
toast or crackers, wliicli seemed to slick in lier throat. 

Results of general e.xaminalion were essefitially negative except for signs of the 
presence of a .solid tumor in the upper posterior right portion of the thora.x. The 
hcmoglohin was 72 per cent, erythrocytes nmnhcrcd 4,350,(XX) and leukocytes 5,800 
per cubic millimeter. The Wassermann reaction of the blood was negative. The 
ba.saJ metabolic rate was — 8, Roentgenograms of (he thorax gave evidence of a 
large, circumscribed tumor in the upper jiart of the right lung. Fluoroscopic 



Fig. 16 (case 7). — Large circumscribed tumor in the upper portion of the 
right side of the thora.x e.xtcnding from the third to the eighth rib posteriorly 
at time of patient's admission. 

examination indicated that there was a nonpulsating tumor in the upper right 
part of the chest and that probably it was benign (fig. 16). 

High right posterior thoracotomy was done Sept. 25, 1926, with removal of a 
portion of the seventh rib and section of the fourth, fifth, sixth and eighth ribs. 
Extrapleural complete removal of intrathorack tumor was effected. The thoracic 
cavity was closed without drainage. Intratracheal ether anesthesia was used. A 
posterolateral incision was made between the scapula and the spinal column, along 
the seventh rib, and about 12 to 14 cm. of the rib was removed subperiosteally. 
The posterior periosteum then was incised and the pleura was separated from the 
thoracic wall. The sixth, fifth, fourth and eighth ribs then were divided, and the 
pleura was separated from the wall of the thora.x, from the posterior to anterior 




1705 


HARRINGTON—INTRATHORACIC TUM ORS 

aspect, without opening into the thoracic cavity at any point. The tumor was 
adherent to the thoracic wall, close to the spinal column, at the level of the fifth 
rib. The pleura was adherent to the tdmor; the anterior portion could not be 
entirely separated from the tumor and was removed with it. The opening in the 
pleura was sutured with plain catgut. The ribs were drilled and sutured together 
with chromic catgut and the wound was completely closed (fig. 17). 

The operative diagnosis was of large, intrathoracic neurofibroma of the upper 
right portion of the posterior mediastinum. Pathologic examination disclosed a 
neurofibroma, weighing 234 Gm. 

Moderate shock immediately followed operation. On the third day, the tem- 
perature was 102 F., the pulse was 130 and respirations, from 34 to 40. These 
values remained fairly stationary until the fifth day, when gradual improvement 
began. On the eighth day, the temperature reached normal, the pulse rate was 90 
and respirations, 28. Physical signs and roentgenographic examination showed 



Tig. 17 (case 7). Intrathoracic neurofibroma of the posterior mediastinum. 
Extrapleural exposure of the tumor. 


evidence of fluid in the pleural cavity, necessitating aspiration on one occasion. 
The patient’s temperature was normal from the nineteenth day, the pulse remained 
between 70 and 76, and respirations between 20 and 24. She was dismissed from 
my care one month following operation; the wound was entirely healed and she 
was feeling well generally. Roentgenographic examination did not afford evidence 
of fluid m the pleural cavity. Roentgenograms of the thorax two years after 
operation showed the lungs to be free from disease, and the general condition of 
e-'^cellcnt. There was no evidence of return of the tumor (figs. 18 

This case is of interest because of the various symptoms which were 
assoaated with a tumor of this size situated in the posterior mediastinum 
Because of the patient’s multiple complaints, it was difficult to evalulTe 
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Jimv many of the symptoms were the result of the tumor. Tumors 
situated in the middle portion of the thorax posteriorly rarely give 
symptoms until they are of sufificicnt size to cause marked collapse of 
the lung. The benign tumors in this area probably are the most silent 
tumors of the thorax. T his is the only case in this group in which it 
was possible to remove the tumor hr extrapleural operation. In this 
instance, a small area of the pleura was opened because of adhesions to 
to the tumor. As was noted, pleural effusion occurred postoperativelv, 
necessitating one aspiration. It has been my experience that the pleura 
has been adherent to the tumors in all cases in which I have operated. 



Fig^. 18 (case 7 ). — Roentgenogram taken two years after e.xtrapleural removal 
of large intrathoracic neurofibroma. Old fracture of the fourth, fifth, sixth and 
eighth ribs is shown with firm union with absence of the seventh rib posteriorly. 
Appearance of the lungs is normal. 

I do not believe it advisable to attempt extrapleural removal because 
marked separation of the pleura from the thoracic wall is necessary and 
usually the pleural cavity ultimately has to be opened. 

Case 8. — A married woman, aged 35, was admitted to the clinic on Ufarch 19, 
1928. The final diagnosis was large left intrathoracic cellular fibroma. The 
chief complaint was pain in the upper left part of the chest of about nine years 
duration. The onset of the complaint began nine years before admission, while 
the patient was w'orking on a farm, stacking hay and carrying heavy weights. She 
first had noticed pain in the upper left part of the thorax. It had been periodic 
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for six years, and usually liad been noted following extreme exertion. The pain 
had become severe, with marked dypnea, and the patient had been confined to bed. 
At this time a diagnosis of tuberculosis had been made. Four liters of clear fluid 
had been removed by aspiration from the left pleural cavity. For the next two 
vears the pain had been more or less constant, and more severe on exertion. A 
year and a half before she came to the clinic, about 2 liters of clear fluid were 
removed by aspiration from the left side of the thorax. For the year before 
admission, the pain gradually had extended from the left upper portion of the 
thorax to the left axilla, left shoulder and left side of the neck. This pain had 
become progressir el> worse but could be relieved by hot applications. The 



Fig 19 (case 7).— Two years after e.xtrapleural removal of large right intra- 
thoracic neurofibroma. 


dyspnea had become progressively more marked She had not had cough exoec 
toration or loss of weight. ^ 

Results of general examination were essentially negative except for dulness on 
percussion and absence of breath sounds in the greater portion of the left iLe 
rwth dulness extending beyond the sternum, to the right side of the chest 
Urinalysis gave negative results. The hemoglobin was 72 per cent Ld tlw 
Wassermann reaction of the blood was negatise The snntnm , .c • ^ 

h.cn,i ...cits™ 

intratlioracic tumor involving the upper two thirds of the left side of the th 
probably primarily benign but now malignant (fig. 20) ^ thorax. 
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Left posterior thoracotoiny, with removal of a portion of the seventh rib and 
section of the fourth, fifth, sixth and eighth ribs, was done April 21, 1928. Trans- 
pleural complete removal of the intratlioracic tumor was accomplished. The 
thoracic cavity was closed without drainage. Intratracheal ether and ethylene 
anesthesia was used. 

On exposing the left pleural cavity, a huge scmicystic tumor was found which 
completely filled the upper two thirds of the thoracic cavity, from the apex to the 
eighth rib, and pushed the mediastinum to the right. The entire upper lobe of 
the left lung was collapsed, with partial collapse of the lower lobe. The wall 
of the tumor was firmly adherent to the pleura, and there was a firm attachment 
posteriorly, along the line of the spinal column. Most of the tumor was solid, but 
there were several lobulated cy.stic areas, a great many of which were ruptured 



Fig. 20 (case 8). — Large intratlioracic tumor complete!}' filling the entire left 
upper portion of the thorax to level of the ninth rib posteriorly at time of patient s 
admission. The trachea is markedly displaced to the right. 


during removal and were found to contain about 1,200 cc. of blood-tinged serous 
fluid. The rupture of these cystic regions reduced the sire of the tumor at least 
half. The entire tumor was removed and the thoracic cavity was closed (figs. 21, 
22, 23 and 24). 

The operative diagnosis was of a large intratlioracic fibroma completely filling 
the upper two thirds of the left side of the thorax, extending into the posterior 
mediastinum and pushing the trachea to the right. There was almost comp ete 
compression of the left lung. The mediastinum was pushed to the right, with 
partial compression of the right lung. Pathologic examination revealed a cellular 
fibroma, weighing 340 Gm. (fig. 25). 
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There was considerable shock at the time of operation, with a pulse rate of 140 
and a temperature of 102 F. in the afternoon of the first day. The patient was 
given solution of sodium chloride intravenously immediately after the operation 
and her reaction was satisfactory. The pulse rate dropped to 110 on the second 
da)'. On the fourth day, the temperature was normal and the pulse rate, 94. 













adjacent ribs were drilled before section; intercostal vessel cauT ^ 

bofor. ™Sh, 

Roentgcnographic e.xamination of the left nlenml .v 

was aspirated on the sixth, eighth and tenth days Cult! "'hich 

nu.d; growth did not result. On the fourteenth dav flu r 

frotn the pleural cavity; 200 cc. was obtained 'vhiclV showed^1^"e"preJ„J^‘7‘"'' 
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occasioHal grani-positivc coccus. There uas gvaiUral csjiansiou oi the lung. The 
patient ran a slight temperature for about a week, anil the pleural cavity again was 
aspirated, with results similar to those obtained previously. On the twenty-eighth 
day, the temperature dropped to normal and remained practically normal during 
the remainder of coiualescencc. The patient was dismissed on the forty-second 



Fig. 22 (case 8). — Section of the fourth, fifth, si.xth, eighth and ninth ri s 
and intercostal muscles. Refraction of the ribs e.xposing the left pleural cavity- 
Low’er portion of the tumor presenting in the wound. Small portion of collapse 
lung can be seen at the low’cr angle. 


day after operation, with the lung completely expanded and with complete rehe 
from symptoms (fig. 26). _ I 

The patient returned for observation about six months followdng the 
of the intrathoracic tumor. Her general condition had markedly improve 
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. • J 1C (-(iR K<r 1 She had practically no dyspnea on exertion. 

shwid ...a. ».e .«ft Umg compHcly expanded 

(fig. 27). _ . 

The clinical history, in this case, extending ovei a period o nine 
years, and the fact that the patient remained in good general condition 



Fig. 23 (case 8). — Pleura closed with continuous catgut sutures; cut ends of 
ribs tied with chromic catgut. 


suggested that a benign lesion was present. The progressive symptoms 
were caused by increasing pressure on the mediastinal structures and 
collapse of the lung, due to the growth of the tumor. The early diag- 
nosis of tuberculosis had been made because of the removal, bj"^ aspira- 
tion, of clear fluid from the thorax. This fluid probably was removed 




Fig 24 (case 8) — Rectospnious muscles sutured over the \ertical incision 
making the wound airtight after full reexpaiision of the lung 
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from the cystic tumor and not from the pleural cavity. The wall of the 
tZor was covered with pleura; probably the tumor originated from an 
r— Lis. in ,l,e V part of the posterior .nedtast,.,.. T = 
operative removal was tlifficolt because of the sise of the tumor a 
teause of adhesions of the tumor to the surrotmdmg structures. Ihe 
posterior operative approach was satisfactory, as it usually is in these 
Urge tumors, tor the opeuing in the wall of the chest can be enlarged 



Fig. 25 (case 8). — Large left intrathoracic cellular fibroma. 


readily by cutting and retracting the adjacent ribs until sufficient expo- 
sure is obtained. 

Four years ago I reported before this society a case with anterior 
removal of an intrathoracic fibrosarcoma which was about half the size 
of this tumor, but in the same situation. The symptoms were of twenty- 
four years’ duration, which strongly suggested the presence of a benign 
tumor whicb had undergone malignant degeneration. The patient was 
free from symptoms for about a year and a half after operation, when 
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rcairrcJice cicvelopeci, and death occurred of a malignant condition two 
and a lialf 3-ears after the operation. This emphasizes the importance 
of earh- diagnosis and operation. 

Cask 9.— A innii, aged 60, was admitted to the clinic on Jfarcli 12, 1928. The 
final diagnosis was a large intratlioracic cellular fibroma of the right side. The 
chief complaint was of pain in the right part of the chest of three years’ duration. 
About three years before admission the patient first had noticed in the right lower 
part of the chest, pain which had radiated to the right lumbar region. The pain 
had been dull at first, had been periodic, hut had been progressive and almost 
constant for the three months before he came to the clinic. He had not had cough 



Fig. 26 (case 8). — Wound of left upper posterior mediastinotomy after removal 
of large intratlioracic tumor weighing 340 Gm. Complete relief from symptoms 
followed. 

or e.xpectoration. There had been marked dyspnea on e.xertion. Loss of weight 
had not been noticed. One week previous to admission, the right thoracic cavity 
had been aspirated and a large amount of bloody fluid had been obtained. A 
diagnosis of malignant condition of the pleura had been made. 

Results of general examination were essentially negative except for decreased 
breath sounds and dulness to percussion over the posterior lower right part of 
the thorax. Urinalysis gave negative results. Examination of the blood, including 
the Wassermann reaction, gave negative results. Roentgenograms disclose 
marked increased density of the right lower part of the thorax extending upw-arc 
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to the level of the second rib. The impression was of intrathoracic tumor with 
fluid in the region of the base of the right lung. Fluoroscopic examination showed 
the diaphragm to be normal in position and function (fig. 28). 

Preoperative preparation included right pleurocentesis, with removal of l,UUU cc. 
of bloody fluid on March 17, 1928. This procedure was repeated on March 28 
with removal of 800 cc. of bloody fluid; March 31, with removal of 1,500 cc. of 
bloody fluid; April 14, with removal of 1,500 cc. of bloody fluid, and on April 18, 
with removal of 1,200 cc. of bloody fluid. Repeated examinations were made for 
malignant cells, with negative results, and all fluid sent for culture failed to give a 

growth. . , 

Right posterior thoracotomy, with removal of about 12.5 cm. of the ninth nb 
and section of the eighth and seventh ribs at the costovertebral angle, was done 



Fig. 27 (case 8).— Roentgenogram taken about six months after transpleural 
complete removal of tumor and partial resection of the sixth rib and fracture of 
the seventh, fifth, and fourth ribs on the left. Complete reexpansion of the left 
lung followed. 


April 25. Transpleural complete removal of the tumor was effected. The thoracic 
cavity was closed without drainage. Intratracheal ethylene and ether anesthesia 
was used. The right pleural cavity was exposed by incising the pleura along the 
hed of the partially removed ninth rib. The lower and middle lobes of the right 
lung were completely collapsed, and there was a large quantity of bloody fluid in 
tbe pleural cavity. An elliptical shaped tumor was found filling the entire lower 
part of the thorax, over which the surrounding middle and lower lobes of the 
lung were collapsed. The tumor was adherent to the diaphragm as well as to all 
of the surrounding pulmonary tissue. Dissection bv knife was necessarv to 
separate the tumor from the diaphragm and from some parts of the lung Ti e 
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tumor also was firmly adherent posteriorly, close to the spine, about the juncture 
of the tenth rib, and sharp dissection was required at this point. The tumor was 
completely removed and the pleural cavity was closed (fig. 29). 

The operative diagnosis was of intrathoracic cellular fibroma of the lower right 
part of the thorax, with the tumor arising, apparently, at the juncture of the 
tenth rib and vertebra. It was adherent to the posterior third of the diaphragm 
and caused complete collapse of the middle and lower lobes of the right lung to 
which it was adherent. There was associated bloody pleural effusion. Pathologic 
examination revealed a cellular fibroma weighing 630 Gm. and measuring 14 by 
11 by 10 cm. 



Fig. 28 (case 9). — Roentgenogram taken at time of patient’s admission show- 
ing marked increased densitj' in right lower thorax to level of second rib, probably 
an intrathoracic tumor with fluid in right base. 

There was moderate shock at the time of operation. On the second day, the 
temperature was 101 F. and the pulse rate 140. On the fourth day there w'as a 
gradual drop of temperature to normal, and of the pulse rate to 110. Fluid was 
aspirated from the right pleural cavity on the third and sixth days, and on the 
ninth day a small tube was inserted into the angle of the wound. The cavity was 
irrigated with a surgical solution of chlorinated soda for a period of three weeks, 
after which time the tube was removed and the residual pocket was permitted to 
close by reexpansion of the lung and granulation of the wound. The patient was 
dismissed in two months from the time of operation. It is now' one year since 
operation; the patient has gained 20 pounds (9 Kg.), and is entirely free from 
symptoms (fig. 30). 
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This case is of particular interest because of the age of the patten , 
b“au“ of the occut-reoce of a bloody pleural effusion, both of tvhch 
suggested a malignant lesion. The history of three years dmation 
f:::ie of L o. we«bt -suggested the poss^tUt,- a beuy 
lesion, and the patient was placed under observattou. The flmd 


Fig. 29 (case 9). — Large right posterior lower intrathoracic tumor apparently 
arising at tlie level of the tenth thoracic vetebra with firm adhesions to the lower 
lohe of the right lung and diaphragm. 



aspirated from the right pleural cavity and a roentgenogram, made 
immediately after removal of the fluid, showed a large rounded shadow 
extending above the fluid that remained at the base. This procedure 
was repeated several times. The removal of the fluid relieved the 
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dyspnea to a great extent, but did not relieve the pain in the right lower 
part of the chest. The patient’s general condition remained good. It 
was thonglit tliat tlie tumor was probably benign and operation was 
advised. Posterior tlioracotomy was done, tire tumor was removed and 
microscojjic examination sliorved it to be a fibroma. The immediate 
convalescence was stormy, but the ultimate result was satisfactory. 

This is the onh’ case that I have observed of bloody pleural effusion 
associated with a benign mediastinal tumor. Intrathoracic operations on 
I^atients aged 60 carry great operative risk. 



Fig. 30 (case 9). — Resection of the ninth rib; thickened pleura at the right 
base; lung completeh' ree.xpanded; complete relief from symptoms six months 
after transpleural removal of large intrathoracic fibroma. 

Case 10. — A married woman, aged 38, was admitted to the clinic on April 2, 
1929. The final diagnosis was right intrathoracic neurofibroma in the lower right 
portion of the posterior mediastinum originating at the juncture of the ninth and 
tenth thoracic vertebrae. The chief complaint was of a dull aching pain in right 
costovertebral angle. For several years the patient had had attacks of swelling 
in the right upper quadrant of the abdomen which had lasted from a few minutes 
to an hour. These attacks had been associated with dull, aching pain at the site 
of the swelling along the right costal margin. Pain also had been felt at the right 
costovertebral angle, posteriorly. The pain never had been severe, usually had 
been more noticeable at night, had been sufficient to keep the patient awake, and 
on a few occasions after she had been asleep she had been wakened because of the 
pain. There had been moderate dyspnea on exertion. The patient had not had 
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cough or expectoration, and tliere had not been any relationship between the pain 
and the taking of food. Loss of weight had not been noUced. . 

The results of general examination were essentially negative. Urinalysis \yas 
negative The combined intravenous phenolsulphonphthalein test of renal function 
gave a return of dye of SO per cent. The hemoglobin was 56 per cent and 
leukocytes numbered 6,400 per cubic millimeter. Slight anisocytosis and poikilo- 
cytosis was present. The Wassermann reaction of the blood was negative. 
Analysis of gastric content showed total acidity of 54 and free hydrochloric acid 
of 26 in terms of tenth normal sodium hydroxide. The total quantity of pstric 
content was 80 cc. Roentgenograms of the stomach were negative and examination 
of the gallbladder revealed normal function. Roentgenograms of the thorax dis- 
closed a circumscribed, round tumor in the right posterior part of the thorax, at 



Fig. 31 (case 10). — Round, lobulated, circumscribed tumor in the right lower 
thorax, posteriorly at the level of the ninth and tenth ribs at time of patient’s 
admission. 


the level of the ninth and tenth ribs, posteriorly (fig. 31). The stereoscopic 
examination showed the tumor to be posterior to the right border of the heart and 
to the right lung. Fluoroscopic examination showed the tumor to be nonpulsile. 
Lateral views revealed a rounded tumor in the posterior mediastinum, at the level 
of the ninth and tenth thoracic vertebrae. The e.xamination of the spinal column 
disclosed a slight destruction of the right side of the ninth vertebra. 

Right posterior thoracotomy, with removal of portions of the ninth rib and sec 
tioii of the seventh, eighth and tenth ribs, was done April 17, 1929. Complete 
transpleural removal of the posterior mediastinal tumor was accomplished The 
thoracic cavuy was closed without drainage. There was a large, cystic iumor 
14 b> 8 by 6 cm. situated at the level of the ninth and tenth thoracic vertebrae’ 
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posteriorly, and apparently origiiiatins at the jiinctiirc between these two vertebrae 
at a point where there was slight erosion of the spinous processes. The tumor 
extended over the bodies of the vertebrae and forward to the angle of the ninth 
and tenth ribs. The pleura was under such great tension that the capsule was 
ruptured during its renior-al, witli escape of about 250 cc. of brownish, elear fluid; 
this reduced the tumor to about half its original size. The rest of the tumor 
eonsisted of solid tissue, and was completely removed, with the overlying pleura. 
The lower lobe of the lung was partially compressed by the tumor and the surface 
of the lung was adherent to the diaphragm. After complete removal of the tumor, 
the cut seventh, eighth and tenth ribs were sutured with double strands of chromic 
catgut and the incision of the pleura, along the bed of the ninth rib, was closed 
with plain catgut. The erector spiiiae muscles were sutured over the angles of 
the ribs, and the right side of the thoracic cavity was closed. The patient's con- 
dition was satisfactory at the completion of the operation. The blood pressure 
was lOS .systolic and SO diastolic. The pulse rate was 110. 

The operative diagnosis was of right intrathoracic neurofibroma situated in the 
lower part of the posterior mediastinum and originating at the juncture of the 
ninth and tenth thoracic vertebrae. Pathologic diagnosis was of degenerating 
neurofibroma. 

During the patient's convalescence it was necessary to aspirate the right pleural 
cavity on several occasions. The first aspiration showed a few colonics of gram- 
positive cocci on culture, and on the tenth day a tube was inserted into the pleural 
cavity for drainage and irrigations. There had not been any formation of definite 
pus, hut because of the presence of a daily fever, I thought it advisable to 
institute intracostal closed draiiwgc. The temperature dropped to normal about 
four days after insertion of the tube. She has now been dismissed from the 
hospital and her condition is satisfactory. 

Casi: 11. — A man, aged 38, was admitted to the clinic on July 14, 1928, The 
final diagnosis was primary carcinoma of the right lung firmly adherent to the wall 
of the chest and clavicle and infiltrating into the mediastinum. The chief com- 
plaint was pain in the upper right part of the chest, of nine months’ duration. 
The patient had been welt until nine inonlhs before admission when he first had 
noticed a sharp pain between the shoulder blades which radiated down the right 
arm. A diagnosis of neuritis had been made and the chest had been strapped; this 
had relieved the pain. Five months before he came to the clinic, following exertion, 
he had noticed the same type of pain throughout the upper part of the chest. This 
pain had persisted intermittently up to the time of his admission. Tonsillectomy 
had been performed under local anesthesia about three months before admissioir 
but the pain had not been altered, and since had become severe, particularly at 
night. The pain at the time of admission was of a burning stinging type, and was 
situated, at times, in the right upper part of the chest and at other times between 
the shoulder blades and in the upper part of the right arm. Abovit one month 
before he came to the clinic he had noticed contraction of the pupil of the right 
eye, with ptosis of the right lid. It was thought that the symptoms might be 
caused by a cervical rib and a rocntgeiiographic examination was made which 
revealed a large tumor in the right upper portion of the thorax. He had lost 
IS pounds (6.8 Kg.) during the last three months. 

General examination revealed Horner’s syndrome on the right side. The right 
pupil did not dilate when cocaine was administered and the right palpebral fissure 
was narrower than the left. The right arm was warmer than the left, an t ie 
muscular tone in this arm was less than in the left. Dulncss was noted over t le 
upper right part of the thorax, between the scapulae, and breath sounds were 
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impaired. The hemoglobin was 64 per cent and the leukocytes numbered 6,200 per 
cubic millimeter. The Wassermann reaction of the blood was negative. Roent- 
genograms of the thorax revealed evidence of a tumor of the upper lobe of the 
right lung anteriorly, extending to the level of the second rib in front. The tumor 
was thought to be benign (figs. 32 and 33). 

Upper right posterior thoracotomy, with removal of a portion of the sixth 
rib and section of the fifth and fourth ribs at the costovertebral angle was done 
July 25, 1928. Transpleural exploration of tumor with removal of a specimen for 
diagnosis was carried out. Intercostal closed drainage was instituted, with 
insertion of number 20 French catheter through the ninth intercostal space, in the 
posterior axillary line. Intratracheal ethylene anesthesia was used. When the 
pleural cavity was opened, a large tumor was found which involved practically 



Fig. 32 (case 11).— Tumor in the upper right lobe anteriorly extending to the 
level of the second rib in front (benign?) at time of patient’s admission. 

the entire upper lobe of the right lung. The tumor was centrally situated, with a 
small portion of pulmonary tissue entirely encircling it. This pulmonary tissue, 
however, was atelectatic and did not become inflated on inspiration. The tumor 
was adherent to the posterior thoracic wall, from the first to the fifth ribs, and 
was adherent to the first rib throughout its entire extent, and to the second 
rib anteriorly. Because of its infiltration into the thoracic wall, it was thought to 
he malignant and a specimen was removed from its attachment to the posterior 
thoracic wall at about the level of the fourth rib. This proved to be an adeno- 
carcinoma of the lung. Because of the marked invasion of both the anterior and 
the posterior wall of the chest, the tumor was considered to be inoperable The 
invasion of the anterior thoracic wall probably produced the Horner’s syndrom 
The cut ribs nere tied with chromic catgut and the incision uas completely closed 
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The operative diagnosis was )>rimary carcinoma involving the entire upper 
lobe of the riglit lung, firmly adherent to the upper right part of the thoracic 
wall, both anteriorly and irosteriorly, and involving the lower cervical sympathetic 
ganglion iiroducing Horner’s syndrome. Pathologic examination revealed adeno- 
sarcoina, graded 3. 

Immediate com alesceucc was uneventful and the patient was dismissed from 
my care on the twenty-fourth day. I was informed, by a letter from the patient’s 
wife, that he died, Nov, 5, 1928. His symptoms bad become progressively worse 
until death. 


Tlie relatively short duration of symptoms, the severity of the pain 
and the rapid evolution of symptoms, with loss of weight, suggested that 



Fig. 33 (case 11).— Horner’s syndrome on the right; inoperable primary car- 
cinoma of the upper lobe of the right lung. 


the lesion was malignant. The presence of a Horner s syndrome and 
the fact that a relatively small tumor was shown bv roentgenogram, 
indicated an infiltrating type of lesion. However, the rounded shadow 
shown by the roentgenogram suggested a possible benign lesion. Opera- 
tion was advised because of the possibility of the condition being benign 
and in the hope that if it were malignant it would be sufficiently localized 
to the upper lobe so that lobectomy would be possible. The tumor was 
explored through a posterior thoracotomy incision and was found to be 
an extensive carcinoma of the upper lobe of the lung, infiltrating into the 
surrounding wall of the chest. 
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I have operated in three cases of iiitrathoracic tumor presenting 
Horner’s syndrome at the time of operation. In each instance, the 
tumor has been malignant; in two cases, it was inoperable, and in the 
third case, it was removed, but the Horner’s syndrome persisted without 
improvement. This patient died two and a half years after operation 
from recurrence. 


Case 12. A man. aged 41, was admitted on June 20, 1927. The final diagnosis 

was intrathoracic sarcoma attached to the second and third ribs at the articulation 
with the vertebrae and infiltrating the upper lobe of the left lung, probably originat- 
ing in the second rib. The chief complaint was of pain in the left part of the 
chest of six months’ duration. Six months before admission, the patient first had 
noticed pain in the left part of the chest. It had appeared, for the most part, in 
the evening and had disappeared at bedtime. The pain gradually had increased in 
frequency and intensity and had been constant for three months previous to 
admission. It had been situated more in the precordial region and had been sharp 
and shooting in character, radiating in all directions in the left side of the chest. 
It had become worse with the patient sitting or standing without support to the 
chest, as in reclining or leaning against the back of a chair. The pain had been 
more severe on deep breathing. Following an attack of influenza one year pre- 
viously, the patient had had persistent cough and blood-streaked sputum. Tuber- 
culosis had been diagnosed and he had been sent to Colorado, where he had been 
informed that the condition was not tuberculosis. Soon after he had gone to 
Colorado, the coughing and expectoration had ceased and the pain had become 
more severe. Marked numbness in the left hand, which radiated to the left elbow, 
had appeared. He had lost 15 pounds (6.8 Kg.) in six months. 

The results of general examination were essentially negative, except for 
increased breath sounds over the upper lobe of the left lung. The hemoglobin was 
72 per cent, erythrocytes numbered 4,500,000 and leukocytes 7,600 per cubic mil- 
limeter. The Wassermann reaction of the blood was negative. Roentgenograms 
of the thorax revealed evidence of a tumor in the upper lobe of the left lung, 
extending to the level of the second rib anteriorly. The tumor was thought to be 
benign (fig. 34). 

Left upper posterior thoracotomy, with resection of 15 cm. of the fourth rib, 
was done on July 7, 1927. Transpleural removal of intrathoracic tumor was 
effected. The thoracic cavity was closed without drainage. Intratracheal ether 
and ethylene anesthesia was used. 


The left side of the thorax rvas opened through a curved incision, extending 
around the scapula parallel with the spinal column. A portion of the fourth rib 
was then removed and the pleura was opened through the posterior periosteum of 
the rib and exploration of the upper part of the thoracic cavity was carried out 
A large tumor was found, which was attached at the costovertebral angle poste- 
riorly, at the level of the juncture of the second and third ribs with the spinal 

mt'it'to".! it from its attach- 

ment to tlic ribs and vertebrae, the capsule was ruptured. It contained broken- 

dowi, granular tissue which was soft and could be scooped out with the fingers 
The tumor had infiltrated into the upper lobe of the left lung in which it had 

tins broken-down, granular, necrotic material. ” 
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The operative diagnosis was of intrathoracic sarcoma attached to the second 
and tiiird rilis at the vertebral articulation and infiltrating into the upper lobe of 
the left lung, probably originating in the second rib. Pathologic examination 
revealed a sarcoma, graded 3, with many giant cells. 

Moderate shock followed the operation. Subcutaneous emphysema was noticed 
about the chest and neck. On the second day this gradually became more marked, 
involving the entire chest, neck, face and the arms and e.xtending into the fingers 
and remained about the same for forty-eight hours. The patient was unable to open 
his eyes and had some difTiciilty in swallowing and breathing. During this period 
ox\geu was administered by means of a portable oxygen cabinet and after forty- 
eight hours the emphysema gradually began to disappear and had entirely disap- 
peared from the face and neck by the ninth day, and from the upper part of the 



Fig. 34 (case 12). — Tumor of the upper lobe of the left lung extending to the 
level of the second rib anteriorly (benign?) at time of patients admission. 

chest by the twelfth day. He was dismissed from my care on the fifteenth day 
after operation, with the wound entirely healed. In reply to a questionnaire sent 
Jan. 23, 1928, 1 was informed that the patient had died Oct. 28, 1927. 

The short history, and the onset, with severe pain rapidly increasing 
in severity, and the late development of cough, was more suggestive of a 
malignant condition than of tuberculosis. The cough probably was t e 
result of the sarcoma infiltrating the lung and causing many sma 
bronchial fistulas. The emphysema following the operation was exten- 
sive and probably was caused bj' the multiple small bronchial fistu as m 
the bed of the tumor. The condition gradually improved by administra- 
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tion of oxygen which was continued until the absorption of air permitted 
normal breathing. Slight surgical emphysema of the tissues around the 
site of operation on the thorax is not uncommon and rarely persists more 
than from fort 3 ’-eight to seventy-two hours. 


SUMMARY 


Twelve cases of intrathoracic tumors are reported here and five 
cases have been reported previousl}'. This makes seventeen cases in 
which transpleural operation has been done. 

In fifteen cases the tumor was completely removed, in one case by a 
two-stage operation and in fourteen cases by a one-stage operation. 

In two cases exploration only was performed. The 'condition was 
proved to lie a high grade malignancy by microscopic examination of 
tissue removed and the lesion was inoperable because of the extensive 
infiltration into the wall of the chest and mediastinal structures. 

In the entire series of seventeen cases there was one operative death. 
Death occurred on the seventh day following operation from cerebral 
embolism. This gives an operative mortality of 5.5 per cent. 

The tumor was malignant in eight of the cases, in two of which the 
tumor was so extensive that exploration only was possible. In the 
remaining six cases the tumor was removed completely. In two cases, 
one of malignant endothelioma and one of osteogenic sarcoma, the 
patients died from metastasis in the first year after operation. One 
patient with fibrosarcoma died from metastasis two years and two 
months after operation. Two patients are living. One of these had 
malignant endothelioma, and a portion of the diaphragm and thoracic 
wall was resected with the tumor ; there is no evidence of recurrence in 
this case one and a half years after operation. The other living patient 
had osteofibrosarcoma; there is no evidence of recurrence four years 
after operation. The remaining patient, who had squamous cell epithe- 
lioma, died following operation. 


I believe that the operative results in this group of malignant cases 
justify a more optimistic view than generally is taken in these cases and 
that they emphasize the importance of early diagnosis. 

In the nine benign cases, the tumor was completely removed by an 
o]ieration in one stage. There was no operative mortality and all patients 
apparently are cured. It is this group of benign cases that is most 
gratifying from the surgical standpoint. As it often is impossible 
definitely to determine the operability, or the h'pe of tumor by present 
methods of diagnosis, and. as there is reason to believe that a benign 
tumor will undergo malignant change as shown in two cases here 
presented. I beheye that in all cases of intrathoracic tumor exploration 
should be carried out unless the clinical ei'idence is that a hopeless 
inoperable condition exists. ‘ ^ 



THE TREATMENT OF SOME UNUSUAL AND 
DIFFICULT CASES OF EMPYEMA 


CHARLES D. LOCKWOOD, Af.D. 

I’ASADF.KA, cai.if. 

J lie problem of clirojiic emp3’etn<'i stiU presents many difficulties, 
and tliere is no standardized procedure applicable to all cases; each 
must be individualized. I believe, however, that everv case of non- 
tuberculous empveina can be soundh' healed Iw judicious and persistent 
treatment. 

The first step in ever\' long-.slanding case of pleural suppuration 
should be a most painstaking study to detcnninc the location and 
dimensions of the empvcma cavity, the expansibility of the lung, the 
existence of pleurobronchial fistulas and the nature and virulence of 
the organisms. Tlie general condition of the patient should also he 
considered in deciding on the extent and type of operation to 'be 
undertaken. Most of the jjatients suffering from long-standing 
empyema have damaged kidneys and hearts and do not tolerate long 
and shocking operations. I formerly used Beck’s paste to outline the 
cavity for roentgen study, but since the introduction of iodized oil 
I have found this medium less toxic and equall}' efficient. A stereo- 
scopic roentgenogram is taken in the anteropo.sterior position and one 
or more in the lateral position. 

Many patients come to California and the Southwest with chronic 
discharging sinuses or wearing drainage tubes in empyema cavities of 
long standing. Tliese patients are sent in the hope that the climate and 
life in the open air will heal their chests. The}' have usually undergone 
two or three operations and have finally been condemned to wear 
drainage tubes indefinitely. It is often difficult to gain the confidence 
of these chronic sufferers and to induce them to make another effort 
to obtain healing. A'lany of the cavities will heal promptly if only 
the tube is removed and left out, but as the patients have worn the 
tubes for months or }'ears, they are loth to part ivith them and are 
often terror stricken at the suggestion. 

In addition to the number of cavities that will heal on removal of 
the tube and daily cleansing of the cavity, there is another large group 
in which the drainage is poorl}' placed or inadequate; often there is a 
residium of from 4 to 6 ounces (118.4 to 178 cc.) of pus in the bottom 
of the cavity which drains intermittently or only when the patient is 
recumbent. A large percentage of these can be healed by adequate 
dependent drainage and frequent irrigation with surgical solution of 
chlorinated soda (Dakin’s solution). 
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Before any extensive operation is undertaken to obliterate an old 
empyema cavity, thorough drainage is secured and the patient’s resis- 
tance raised by eliminating sepsis. After all the simple measures have 
been tried, however, and the resistance raised to the maximum, a small 
group of cases remains which require some radical surgical procedure. 

. 1 wish to report briefly five such cases and to illustrate the method 
employed in their treatment. 


REPORT OF CASES 

Case 1. A. B., aged 23, came to California with a discharging sinus of three 

years’ duration. The empyema followed pneumonia. It was drained by a simple 
rib resection. After more than two years of drainage, another operation was 
performed, five ribs being resected. There was some improvement, but the sinus 
persisted. The patient came to California hoping to be cured by the climate, and 
it was then that I first saw him. Roentgenograms taken at this time, after the 
injection of bismuth paste, revealed a cavity in the posterolateral aspect of the 
chest, about 6 inches ^5.2 cm.) in length and 1 inch (2.5 cm.) in width. It was 
separated from the partially expanded lung by a dense membrane. The cavity 
e.xtcndcd upward and downward about equidistant from the constricted opening 
in the wall of the chest. A second injection of bismuth paste two weeks later 
showed the cavity almost double the size it was on first examination. When 
completely filled, foul smelling pus would well up from the bottom of the cavity. 
Since tlicre was no improvement, operation was decided on. 

first Of'cralion . — ^Thc ninth, tenth and eleventh ribs were resected in the poster- 
ior axillary line, exposing the bottom of the cavity which rested on the diaphragm. 
Great improvement followed this improved drainage, but the sinus continued 
to discharge after prolonged drainage and irrigation with surgical solution of 
chlorinated soda. After six months’ treatment, a second operation was done. 

Second Opcralion . — The cavity was exposed by resection of the previously 
removed ribs. The thickened pleura was excised, and dense bands of adhesions 
were divided. The lung was liberated by decortication. All communicating 
sinuses were obliterated. Prolonged drainage and irrigations with surgical 
solution of chlorinated soda again failed to secure healing. After eight months 
the sinuses still persisted. 


Third Operation.— The. cavity was widely exposed. Decortication of the lung 
was performed but it would not expand. Two large pedicled skin flaps, one above 
and one below, were dissected up from the wall of the chest, turned into the 
cavity and sutured to the thickened visceral pleura; the chest was left widely 
opened and packed with iodoform gauze. The cavity was packed daily, and rapidly 
granulated. The skin was pushed in from the edges of the skin flaps, and in 
about six months the cavity was entirely lined with epithelium. All discharge 
had ceased, and the patient ;vas restored to perfect health. He has remained well 
up to the present time, four years after the last operation. 


Case 2.— Dorothy H., aged 23, had pneumonia at the age of 11, followed bv 
empyenu. Drainage was performed. The sinus healed and remained closed for 
one and one-half years, when the cavity refilled; it was again opened. After 
tins operat.on, u renamed healed for three years. The sinus then reopened and 
has alternateb- opened and closed at periods varj-ing from three or four months 
to a > ear. She had been operated on five or si.x times with short oor- a r 
relict. In 1022, six months before I saw her, after a brief closure, she suddlidv 
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began to expectorate foul pus. She continued to expectorate 8 ounces (236 cc.) 
daily, with intermittent drainage from a sinus in the left side at the level of the 
sixth rifa. Her general condition was fairly good, hut she was harassed by a 
constant cough and was offensive to every one. Four operations were required 
to cure her. 

First Operation . — The rib was resected at the site of the old sinus. A large 
empyema cavity was exposed with a Tufficr rib spreader. Thick cicatricial mem- 



Fig. 2 (case ]).— Healed wound, viewed stereoscopically. 

brane covering the lung was incised and partially removed, liberating the lung 
at the site of the pleurobronchial fistula. A pucker string of chromic catgut was 
placed about the fistulous opening. The pleurobronchial fistula remaine c ose 
and the patient’s cough ceased, but the empyema cavity continued to disc large. 
Two months later, another attempt was made to close the sinus. 

Second Operation-Five ribs and the angle of the scapula were resected. e 
cavity was widely exposed. The thickened pleura was dissected off of the lung as 
far as possible. The cavity extended up to the apex of the lung and was inaccessible. 



LOCKWO OD— EMPYEMA 


1729 


Three lar.e ski. ever. 

*e el.es. sv.s lei. .vide V. ..d The c.vi.y ..as 

operalion, die pane.. necessary to do i.vo subsequen. opera.ions 

dressed lor many noolhs, a d epi.heliralioo ol He visceral 

'Xr Tr".i». has Jv bee. ..ell lor loar years and is p.rs.inq he, 

profession as a teacher of art. 



Fig. 3 (case 2).— Incision to reach apex of cavity, viewed stereoscopically. 



Fig. 4 (case 2). — Healed scar, viewed stereoscopically. 


C.\sr 3. — Mrs. M. C. had empyema secondary to .abscesses of the lung. She 
was referred by Dr. C. C. Browning of Los Angeles for an abscess of the left 
lung. Six years previously she had suffered from tuberculosis of her right lung, 
which healed. The development of the abscess can be followed in the x-ray 
films from its inception until its rupture into the pleural cavity, with the complete 
filling of the pleural sac with pus. The pus finally broke through into a bronchus 
and the patient expectorated from 4 to 6 ounces of fetid pus daily. She was 
septic and emaciated. The first operation, done in Tucson, Ariz., consisted of 
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tlie resection of the eightli rib in the posterior axillary line and the drainage of a 
thick-walled abscess the sire of a hen’s egg in flic left lower lobe. Improvement 
followed, but there was a continuous discharge of foul pus, by mouth and 
through the drainage tube. There were periodic “floodings” of pus, when several 
ounces would discharge siinulfaneously through the bronchial fistula by mouth 
and through the drainage tube, hollowing these periods, the temperature would 
drop and the general condition would improve, 

Sccoud Ol'cration. — 1 he seventh rib was resected from the costocartilaginous 
junction to the costovertebral angle. The cavity in the lower lobe was exposed 
It was found to consist of several compartments, the uppermost of which com- 
municated by a funnel-shaped opening with a much larger cavity in the upper 
lobe. The latter occupied almost the entire upper lobe and communicated with 
a bronchus. These observations explained the periodic floodings of pus. A large 



Fig. 5 (case S). — Front and side views after healing of sinus. 


drainage tube was passed through the lower abscess into the upper one, winch 
gave perfect drainage. Rapid improvement followed with greatly diminished 
e.xpectoration. The sinus of the chest persisted. 

Third Operation . — The third operation was performed at the Pasadena Hospital. 
The lung was freed from the wall of the chest. The fistula was dissected out, 
swabbed with 2 per cent gentian violet in 70 per cent alcohol and closed with a 
pucker string of chromic catgut. The chest was closed, with a penrose drain 
inserted in the posterior angle. The sinus of the chest healed. The patient con- 
tinued to expectorate 1 or 2 ounces (20 or 60 cc.) of pus daily, with occasional 
e.xacerbations of temperature. She regained her normal weight, married and 
gave birth to a healthy baby. She continued to have periodic attacks of fever 
with increased sputum. X-ray films taken after the injection of iodized oil 
revealed a persisting abscess in the lelt lower lobe 
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/'otirf/! 0/’cra(fo».— Thoracoplasty was perforraed, with resection of the fifth 
to the tenth ribs. The patient has further improved, but still expectorates from 
30 to 60 cc. of sputum daily with an occasional rise in temperature, bhe is 
practically well and attends to her houseliold duties, but further collapse of the 
lung will be required to obliterate the old abscess cavity. 

4.— C. F.. a man, had interlobar empyema following lobar pneumonia. 
He first presented a simple effusion which became purulent after two weeks of 
normal temperature. Closed drainage with a catheter gave temporary relief with 
normal temperature. In two weeks the temperature again rose to 104 F, X-ray 
films showed an interlobar collection of pus at the level of the sixth rib. This was 
drained by resection of the seventh rib in the anterior axillary line. The x-ray 
film showed the tube in the abscess with a new abscess forming higher up to the 
inner side of the apex of the lung and near the mediastinum. The temperature, 
which had dropped to 101 F., again began to rise, and another x-ray picture one 
ircek later showed a well developed abscess near the mediastinum. 

The ciglith rib and a portion of the seventh were resected. The chest cavity 
was widely exposed so that the hand could be passed up over the apex of the 
lung to the mediastinal abscess. Two ounces of fetid pus was evacuated, and a 
large tube introduced. After this operation, the patient improved rapidly; the 
temperature returned to normal and he made a complete recovery. 

Case S. — H. L. A., a man, while in the army in France, in 1918, suffered from 
acute pleurisy with effusion. He recovered from this condition, and after six 
weeks was sent to the front. He was wounded. Several fragments of shell 
perforated tlic riglif thoracic cavity, and one fragment entered the left pleural 
cavity. This fragment was thought to have entered the pericardial sac, and a 


pcricarclolomy was done. The fragment was found to be posterior to the peri- 
cardium. Empyema developed on the right side. Tin's was drained. The patient 
was in bed for twenty months and was in a critical condition when he was brought 
back to the United States. Tubercle bacilli were reported to be present in the 
sputum during his stay in the army hospital. A bronchial fistula developed and 
drainage continued from a sinus in the posterior axillary line at the level of the 
tenth rib on the rigid side. Another sinus anterior and a little above the main one 
also drained intermitlenlly. On the left side the apex beat of the heart could be seen 


and felt at the level of the sixth rib, which had been resected. The patient was 
greatly emaciated and could get about with difficulty. The ribs on the right side 
from the fifth to the eighth were overlapping, firmly ankylosed and almost 
perpendicular. X-ray films made after injection of iodized oil into the sinus 
showed a cavity 2 bj- 4 cm. communicating with a similar cavity, more external. 
The iodized oil could be seen entering a bronchial fistula, from which it was 
aspirated into the left lung which appeared normal. 

Tiic fifth, sixth, seventh and eiglith ribs, wliicli were ankylosed to one another 
and to the angle of the scapula, ivere resected in one piece by means of a Gigli saw. 
This permitted the cavity to collapse. Both the sinuses and the bronchial fistulas 

closed promptly and have remained closed. The patient’s general condition is 
miicii improved. 



EMPYEMA 

TREATMENT BY TIDAL IRRIGATION AND SUCTION * 

DERYL HART, M.D. 

IIALTIMOUK 

A survey of tlie treatment for empyema liy continuous tidal irri- 
gation ’ and sujijilementar^’ suction for the past eighteen montlis - has 
shown that tliis method can he used in tlie presence of practically any 
t)’pe of organism ; that it is satisfactory for patients of all ages ; that 
it works best with a trocar thoracotoni}' but can be adapted for use 
with patients having a resection of the ribs ; that many patients with 
chronic empj’ema can be cared without mutilating operations; that 
bronchial fistulas close within a few da3's; that the period of conva- 
lescence is shortened : tliat the mortalit}' is relativel)' low, and that no 
patient has left the hospital with a draining sinus. The treatment has 
also simplified the postoperative care, eliminated the difficult and painful 
dressings, removed the necessit}' for special exercises and blowing of 
bottles to give expansion of the lung and chest, and decreased the amount 
of bacterial soiling in the wards. 

METHOD OF TREATMENT 

The method of treatment is based on the principle of closed drain- 
age, with the addition of tidal irrigation which is carried on by the 
normal respiratory movements. The tidal irrigation prevents obstruc- 
tion of the tube in the majority of cases, thus removing the greatest 
objection to the closed method. The onlj' fluid that goes into the chest 
is drawn in by the inspiratory effort. With expiration there is a partial 
collapse of the thoracic cavity, and the flow of fluid through the thora- 
cotomy tube is reversed. If an opening in the tube is plugged with 
fibrin during expiration, the reversed flow of fluid with inspiration will 
wash the obstacle away. The clumps of fibrin are eventually broken 
up by this motion and are thus evacuated. As the tube should have 

* From the Surgical Department of the Johns Hopkins University and 
Hospital. 

*This work was aided by a grant from the Hartley Corporation. 

1. Hart, Deryl: Acute Empyema: Treatment by Continuous Tidal Irriga- 
tion and Drainage Dependent on Normal Respiratory Movements, Arch. Surg. 
17:102 (July) 1928; Empyema: A Method of Treatment by Tidal Irrigation 
and Suction with Results Obtained in Thirty Cases, Internat. Surg. Digest, vol. 

7, no. 1. 

2. All statistical data are based on the first thirty-five cases except where it 
is specified that one of the fifteen recent cases, in which the patients are still 
under treatment or observation, is being discussed. 
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two or more openings near the inner end, the chance oi all becoming 
obstructed at one time is remote. 

In order to carry out the method of treatment, only a reservoir of 
fluid is needed which has an airtight connection by means of a rubber 
tube with the empyema cavity (fig. 2). For simplification of the post- 
operative care, provision can be made for emptying and refilling the 
reservoir (figs. 1 and 2). Suction can be applied to the empyema cavity 
by lowering the reservoir, or by lowering the pressure within the reser- 
voir (figs. 1 to 3). In the first cases in which this method of treatment 
was employed, a rubber bag was used ; it was strapped to the abdomen 



Fig. 1 (patient 16). — Irrigation and suction apparatus used in the treatment 
ioT acute empyema complicated by a bronchial fistula. 

to give it a dependent position.^ A T-tube was used to connect it with 
the chest and to make provision for emptying and refilling. This bag 
was not suitable for use in the presence of a bronchial fistula since 
there was no way to eliminate the air. A flask with an opening near 
the bottom was substituted for tlie rubber bag, and a vent was placed 
in the top.= This arrangement permitted the escape of air, or served 
as a connection for the application of suction as soon as this was 
desired (figs. 1. 2 and 3). This apparatus can be used on patients with 
a large thor acotomy wound by covering the opening in the chest with a 

3. Hart (footnote 1, first reference). 
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thin rubber dam tlirongli wliich the thoracotom}' tube passes by an air- 
tight connection. Sufficient suction must be maintained at all times to 
liold tlic rul)ber against the chest, thus pre\'cnting leakage (figs. 1 and 3). 

An apparatus illustrated by figure 4 has been used, and is well 
adapted to the chronic case in which the cavitj^ is difficult to obliterate. 
In the more acute cases, irrigation with this apparatus is at times less 
satisfactory because of the length of the column of water which must 
be moved to permit the inflow and outflow of fluid. The tendency in 
this method is toward too rapid olditcration of the cavity, thus causing 
pocketing. In the chronic case, tlic cavity cannot be rapidly obliterated, 
and since this apparatus causes less restriction of the movements of the 
patient, it is more satisfactojy in this type of case. It is possible for 
patients to be up in a chair as desired without interfering with the 
irrigations. 

In the average case in which tliis method of treatment is used, there 
is no leakage from the cavity but only the secretions from the small 
granulating wound. However, in a few cases limited to small children 
there was definite leakage, usually beginning from about the seventh 
to the tenth postoperative day. In two ca.scs the leakage was thought to 
be due to faulty operative technic, causing bacterial infection and slough- 
ing of the tissues. The wall of the chest of the small child is thin, so 
that the granulating sinus is short. In most cases, however, the fluid 
seemed to be pumped out by the respiratory movements. Fluid was 
drawn in by inspiration, the holes in the catheter were closed at the 
beginning of expiration, and compression of the cavity by expiration 
forced the remaining fluid out around the tube. In one case this con- 
dition was controlled by inserting a mushroom catheter. No harm has 
resulted from this leakage. A pad can be placed beneath the patient 
to care for it. The leakage seldom lasts for more than a few clays as 
the cavity is usually almost obliterated at this time, and it can usually 
be controlled by a careful regulation of the suction. The incision in 
the skin through which the trocar is inserted is made sufficiently large 
so that aii)’^ leakage about the tube will have an unimpeded outlet to the 
surface. 

In the acute cases, the irrigation was carried on for an average of 
twenty days. In most cases the irrigation practically stopped within 
fifteen days, but the apparatus was left in place for from four to seven 
days longer to give the lung time to become firmly adherent. Other- 
wise, as soon as suction is released the lung will pull away, the cavity 
will enlarge and the temjjerature will rise. In the chronic cases, the 
irrigation was continued as long as seventy clays without leakage. 
In these cases there was little or no redundant granulation tissue about 
the opening of the sinus. 
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adaptability of treatment to types of cases 
Anc.-Tht treatment has been iound to be satisfactory for patieiits 
of any age. However, as already noted, the possibd. y of leakap 
around tht tube is somewhat greater in small children than m adults. 
It is unusual for any leakage to occur around the tube m oldei children 

or adults. 


Duration of Empyema.— The: simplest type of patient to treat is 
the one with massive empyema of sufficiently long duration to prevent 
an immediate expansion of the lung. In these cases, a moderate 
amount of suction can be applied from the beginning of the treatmen . 



Fig. 2 (patient 16 ). — A close view of the irrigation flask, 1, and its connecting 
tubes. Clamp A closes the tube by means of which the irrigation flask is refilled 
from the bottle, 2 (fig. 1). and clamp B closes the syphon tube through which 
the flask, 1, is emptied into the drainage bottle, 3 (fig. 1). The tube, 5, goes 
to tbc suction unit (fig. 3), and the tube, 9, goes into the empyema cavity. The 
latter tube passes through a small hole in a piece of dental dam, an airtight 
closure is obtained by the contraction of the rubber, and the thoracotomy wound 
is closed by means of the suction holding the rubber dam against the skin which 
had been rubbed with petrolatum. A small dressing is placed over the dental 
dam and the wound. The tube, 9, is longer than was generally used, but even 
with this length the irrigation is satisfactory. The flask, 1, is suspended so that 
it will swing with any movement of the patient’s body. 

With a small amount of suction there is practically mo possibility of 
leakage so long as the tube does not become obstructed. In all cases 
however, a period of from a week to ten davs should be allowed for 




Fig. 3 (patient 16 ), — The suction unit consists of a Connell apparatus, 4 and 6, 
with a water manometer, T, and a reversed mercury manometer, S and 10. The 
suction was obtained by the water dripping from the reservoir, 4, through the 
upright tube, 6. Air was trapped beneath each drop of water and eliminated 
from the system. As soon ns this elimination exceeded the inflow through any 
leak, such as a bronchial fistula, suction was obtained. When the pressure within 
the system phis the weight of the cohiniii of mercury in the cylinder, S, above 
the lower end of the upright glass tube, 10, was less than atmospheric pressure, 
air was forced in through the tube, 10, and the mercury. This vent prevented 
any further increase in the amount of suction as long as the tube, 10, was set at 
that level, but changing the position of the tube, 10, permitted the accurate regu- 
lation of the suction to any desired amount. Whenever the pressure within the 
system became greater than atmospheric pressure, as when fluid was run in from 
the bottle, 2 (fig. 1), the air bubbled out through the water manometer, 7, in 
addition to being eliminated through the tube, 6. Without the valve, 11, the fop 
of which is just visible in figure 1, the Connell apparatus was not satisfactory 
for suction in these cases. This valve, which was kept beneath the fluid in the 
drainage pan, permitted the free escape of fluid and air but prevented any back 
suction with respiratory movements. Otherwise, with the wide excursions of the 
drops of fluid with respiratory movements, the fluid in each drop would become 
attached to the side of the tube, destroying the diaphragm effect and permitting 
air to enter. 




Pig. 4 . — A type of apparatus very satisfactory in semichronic cases, but in 
acute cases it tends to obliterate the cavity too rapidly, thus favoring pocketing. 
Irrigation is limited because of the length of the column of water which must be 
moved before the fluid can flow into the chest. Also, if the tube is permitted to 
hang down as shown in the illustration, the back flow from the waste end during 
inspiration gives an increasing disproportion between the height of the columns 
of fluid in the descending and ascending parts of the tube and consequently a 
rapid increase in the amount of suction. Air is not readily eliminated around 
this loop, and when it accumulates in the descending tube it may counteract the 
amount of suction as recorded by the water manometer. A continuous current 
of fluid down the tube passes back and forth into the chest and any pus is swept 
down and out. The irrigating fluid drips through the upright tube, and 
gives suction. The other parts correspond to those in figure 3. The addition of 
the bottle i.s to give volume to the system under decreased tension, thus stabilizing 
suction in the presence of the respiratory movements. The partially concealed tube 
near the reversed water manometer is added for the connection of a supplementary 
suction unit if such is available and desirable. The great advantage of this unit in 
chronic cases is that it docs not cause such great restriction to the movements of the 
patient. At flic same time, irrigation is satisfactory since the cavity cannot be 
rapidly closed, while the slow and forceful respirations carry on an efficient tidal 
flow. 
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irrigation without any attempt being made to obliterate the cavity. 
This delay permits cleansing of the cavity and clearing up of the 
infection in the granulating wall. The suction is then increased to any 
desired amount, hut it is seldom that more than from 15 to 20 cm. of 
water is needed, even in the chronic cases of long standing. 

In the acute cases, no suction is applied in the early part of the 
treatment. After the first twenty-four to forty-eight hours, when 
the sinus is fairly well established and there is less danger of extrava- 
sation into the tissues, from 2 to 3 cm. of positive pressure ma}’ be 
used. This slight pressure prevents too rapid obliteration of the cavity, 
and when there is leakage, this material will find its way out around 
the tube. When leakage occurs, the positive pressure should be reduced. 
It is also desirable in these cases to fill the cavity several times a da}' in 
order to open up all recesses and prevent any sealing off of pockets 
until the granulating surface is entire]}' free from infection. After ten 
clays it is safe to begin the obliteration of the cavity by suction, though 
it will frequently be almost closed at this time. 

In the chronic cases, the cavity is irrigated with surgical solution 
of chorinated soda (Dakin’s solution) in the early stages to eliminate 
as much as possible of the redundant granulation tissue. Suction can be 
applied from the beginning of the treatment, and a larger amount can 
be used than in the acute cases. Cavities of from eight to twelve 
months’ duration have been obliterated rapidly, and the results suggest 
that in patients with empyema of much longer standing cure may be 
obtained by this method, used alone or in association with plastic 
operations on the wall of the chest. 

Condition of Patient . — With a very ill patient, the operation can be 
performed without taking him from the room or the bed. Two patients 
have been operated on while in an oxygen tent. Following operation, 
such a patient is not disturbed by frequent, long and painful dressings. 
For a patient who is not so ill, provision can be made so that he can sit 
up in bed or even in a ebair. A patient with tuberculous empyema who 
is now under treatment spends all of his days out of doors in the sun. 

Type of Organism and Pus . — The type of organism causing the 
infection and the character of the pus with which one has to deal make 
little difference."* With very thin pus the danger of extensive extrav- 
asations is greater unless all pressure within the cavity is released, 

4. The organisms encountered, with the number of cases of each, are as 
follows: Pneumococcus, 19 (type I, 3; type II, 3; type III, 1; group IV, 9; 
not typed, 3) ; streptococcus, 1 1 (hemolytic, 7 ; nonhemolytic, 4, 3 of which were 
viridans) ; staphylococcus, 8 (aureus, 6; albus, 1; citreus, 1); colon bacilhis, 1. 
influenza bacillus, I : diphtheroids, 1. 
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while some difficulty may arise from 

pus is very thick. However, pus which is so thick that diffic } 
Incountered in aspirating it through a no. 20 French catheter may b 
gradually worked out by the force of the frequently repeated resp ra 
tory movements. An exceptional condition is found when the lu g 
expands quickly so that the parietal and the visceral pleural surfaces 
are in contact. The cavity in which there is practically no fluid is sud- 
denly flooded with large quantities of exudate which is dislodged from 
the pleural surface. This sudden release of exudate and fibrin may 


'V 



Fig. 5 (patient 16) .—Roentgenogram of the chest of a man, aged 26, taken 
twelve hours after a gunshot wound of the chest and abdomen. In addition to 
left hemothorax, there was a large abdominal hemorrhage from perforation of 
the liier and the stomach. Note the marked displacement of the trachea and 
tlie heart to the right Aspiration was done twice, on the third and fourth days, 
for relief from the respiratory embarrassment The cultures show'ed a mixed 
infection, hemohtic streptococcus. Staphylococcus aiiicus and the colon bacillus 
being isolated. Trocar thoracotomy was performed on the fifth day 

occur at any time from the first few hours to several days after treat- 
ment is instituted, and is most frequent in the cases of pneumococcus 
empyema. 
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A certain amount of manipulation may Ijc necessary to evacuate this 
material. It is best accomplished by running in enough fluid to suspend 
the solid material and then letting it rim out. When the tube is plugged, 
the material is broken up by a churning force obtained by alternately 
compressing and releasing the tube. In a few cases this procedure has 
been necessary, but it never requires more than fifteen minutes and is 
never needed more than once for any one patient. When the organism 
is a hemolytic streptococcus, any slight trauma or operation may cause 
a severe temperature reaction. The patients with staphylococcus 



Fig. 6 (patient 16). — Roentgenogram taken forty-eight hours after trocar 
thoracotomy with the institution of tidal irrigation. For twenty-four hours there 
had been sufficient leakage of air into the system to suggest a small bronchial 
fistula. This became much more pronounced, and four days after this roent- 
genogram was taken a rib was resected in order to obtain dependent drainage 
(fig. 7). This was necessary because the irrigation system, as used with a rubber 
bag, became distended with air so that it was unsatisfactory. In the presence 
of a virulent infection (fig. 11), rib resection was considered necessary as a 
life-saving measure. 

empyema are particularly liable to develop metastatic abscesses (figs. 
20 to 23), a complication which occurred in three of these patients, all 
of whom recovered. 




Fig 7 (patient 16). — Roentgenogram taken seventeen days after resection of 
the ribs On account of the fulminating character of the infection (fig. 11), the 
resection was more extensise than usual in order to secure absolutely dependent 
drainage The temperature soon fell to normal (fig 11 ), but there was persistent 
pneumothoraN with the left hing completely collapsed and the heart and trachea 
displaced to the right There was a large amount of purulent discharge. 

It is felt that the manner in which the operation is performed has 
much to do rvith the postoperative course. Et'ery effort should he made 
to place the tube in the most dependent part of the empyema cavity 

5. Tn a patient now under treatment in another hospital, without close per- 
sonal supervision, tlic cavity was obliterated too rapidly, and a pocket was walled 
oil postcriorlv. Following drainage of this through a trocar thoracotomy the 
temperature became normal and improvement has been uninterrupted 
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(figs. 4 and 14), and at the same time every precaution taken to cause 
the minimum amount of trauma and to prevent the extravasation or 
spreading of pus through the tissues. It is desirahle in such a case to 
have tlie patient in a moderate to full Fowler’s position, both for his 
respirator)^ ease in the early stages and for his comfort during the day 
in the latter jxirt of the treatment. The most dependent part of the 
chest with this position is about in the midaxillary line. Furthermore, 
it adds much to the jjatient’s comfort to be able to lie flat on the back 



Fig, S (patient 16). — Roentgenograin taken three days after that shown in 
figure 7, and forty-four hours after the institution of tidal irrigation and suction 
(figs. 1 to 3). The lung has expanded except at the ape.x and the heart and 
mediastinum are 1 ack to the normal position. There was a moderate rise of tem- 
perature (fig. 11), but the patient’s general condition was satisfactory. There was 
considerable pain for the first few days, but after this was o\er the respirations 
were normal in rate for the first time following his injury. 

without the pain from pressure on a thoracotomy tube. Accordingly, 
in massive empyema, with the patient l 3 n'ng on the back a line is drawn 
where the skin comes in contact with the bed, and the thoracotomy is 
performed just anterior to this line. This assures the patient two com- 
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fortable positions (back and opposite side), 

tube will not be obstructed from the pressure oi the patients Doay 

*'^^iiepoiT/chL2 usually in the eighth interspace, is infiltrated with 
procaine^hydrochloride, care being taken to do all infiltration as the 
needle is gradually passed in, and to force no fluid out as the needle is 
withdrawn after it may have become contaminated by piercing the 



I'ig. 9 (patient 16). — Roentgenogram taken fourteen days after the institution 
of tidal irrigation and moderate suction in the presence of an open thoracotomy 
wound. The lung had expanded except for a sinus holding 40 cc., the tempera- 
ture and respirations were normal, and his general appearance was markedly 
improved. 


infected pleura. At times, when the pus is thin, it is aspirated through 
this needle, which is left in place. Otherwise the needle is withdrawn, 
and a larger, aspirating needle is inserted through the periphery of the 
infiltrated, button-like area. As soon as the needle is between the ribs 
determined by palpation, or by “feeling” the rib with the point of the 
needle, it is directed sharply upward so that the point is kept near the 
wall of the chest, ^Yhcu the needle is inserted very low, one thus 



1744 


ARCHIVES OF SURGERY 


avoids piercing the stomach, spleen or liver. If pus is not obtained at 
a depth through which one would feel free to pass the trocar, the needle 
is withdrawn and inserted in a similar manner one interspace higher. 
It is unwise to pass the needle to a great depth, strike pus, and withdraw 
the infected material through uninfected ti.ssiie. 



Fig. 10 (patient 16). — Roentgenogram taken seventy-two daj's after the insti- 
tution of tidal irrigation and moderate suction, for empyema and pneumothorax 
of twenty-nine days’ duration The patient was discharged from the hospital, 
entirely cured, thirty-five days after this method of treatment was begun. The 
wound from the resection of the ribs was completely healed Note the return 
of the contour of the chest to normal, with little thickening of the pleura. 

When pus is encountered, a sufficient quantity is removed to relieve 
the marked positive pressure but not to give a negative pressure of any 
great extent. This procedure insures that the pus will not be forced 
out around the needle or trocar, leaves a sufficient quantity of pus so 
that the cavity can be easil)' entered with the trocar, and avoids too 
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2 reat a disturbance of the protective wall of granulation tissue.^ I lie 
needle is left in place so that it plugs the hole through winch it was 
inserted This prevents the extravasation of pus when the patient 
strains or cries, acts as a pointer indicating the position and deiith of the 
pus, marks the interspace through which to insert the trocar and 
anchors the layers of the wall of the chest so that the trocar can be 
passed directly through. The anchoring of the tissues is of the greatest 
help when the skin is freely movable, or when there is sulTicicnt infil- 
trated subcutaneous tissue to make palpation of the ribs unsatisfactory. 

In the center of the infiltrated area and over the interspace through 
which the needle passes, a stab wound is made extending through the 
skin, and of a length corresponding to the diameter of the caiimila. 
The trocar and cannula are now placed with the point in the stall wound, 
and parallel to the needle, which has been held by the mirsc or an 



Fig. 11 (patient 16). — Temperature curve showing tlic rapid pulse and Iiigli 
temperature from the time of admission, and uninfluenced by trocar thoracotomy 
and tidal irrigation. The closed apparatus wifli a rubber bag was entirely unsat- 
isfactory in the presence of a bronchial fistula. Tlic temperature quickly fell 
following resection of the ribs, but with a moderate rise following the too' rapid 
application of suction. This was not alarming, however, and it soon fell and 
remained normal. 


assistant. It is carefully forced into the chest, being stopped as soon 
as the end of the cannula is within the empyema cavity. This point can 
be determined by feeling the instrument slide in the cavity as it punc- 
tures the pleura as well as by knowing the depth at which pus was first 
encountered with the needle. 

A new catheter, size no. 20 French, with a hole on either side near 
the tip marked at a point the length of the cannula from the proxiiml 
hole, clamped at the funnel end to prevent the leakage of air atid 
fitting the cannula so snugly that it must be oiled in order to’ pass 
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through it, is now inserted until the mark is even with the outer end of 
the cannula. This insures that both holes are within the empyema 
cavity but that the catheter is not inserted so far that it will have to be 
withdrawn. Any withdrawal increases the chance of spreading the 
infection into the wall of the chest. The end of the catheter is now 
placed below the surface of a bowl of warm sterile physiologic solution 
of sodium chloride, or a funnel (Chetwood syringe without bulb) is 
attached and partially filled with this solution. The end of the catheter 
is placed from about 2 to 3 inches (5 to 7.6 cm.) below the level of the 
thoracotomy wound, and held there until all positive pressure or excess 
negative pressure is relieved and until it is seen that there is a free 
tidal flow with respirations. The catheter is clamped at the end of an 
expiration and held in position, the cannula and the needle are with- 
drawn and the catheter is again clamped just before it enters the wall 
of the chest. It is cut off if there is an e.xcess length that is not needed 
for its attachment to the irrigation apparatus (figs. 2 and 4). After it 
is connected with the sterile apparatus so arranged that air cannot enter 
the chest, a small dressing is placed about the tube, and the tube or the 
apparatus strapped to the bodj'. From this time on the passage between 
the empyema cavity and the tidal irrigation bag or flask is kept open to 
avoid any positive pressure within the chest. 

Resection of the Ribs. — The two patients “ on whom early resection 
of the ribs was performed, each for massive empyema, present a strik- 
ing contrast. In the first, the wall of the chest was closed tightly about 
a large tube and tidal irrigation was used for the first seven days, at 
which time the wound broke down on account of infection. At that 
time the cavity had closed to a sinus holding 40 cc., and was estimated 
as being about the size of the tube. In the second patient, on whom 
open drainage was used, there was complete left pneumothorax, with 
the heart and the mediastinum displaced to the right (figs. 5, 6 and 7), 
seventeen days after the resection of the ribs. It might be argued that 
the complication of a bronchial fistula was responsible for this condition. 
However, when the tidal irrigation and suction were adapted to this 
particular case, there was rapid expansion (figs. 8 to 10), the cavity 
closing to a sinus holding 35 cc. within fourteen days. 

In the presence of the bronchial fistula, the glass flask as a reservoir 
was used as a basis on which to work (fig. 2). The opening in the 
chest was closed by placing a dental dam over the skin which had been 
rubbed with petrolatum. A small opening in the center of the rubber 

6. In the third case, one of chronic empyema with a large cavity of eight 
months’ duration, the rib was resected on the tliirtj'-fifth postoperative day for 
relief from pain caused hy pressure of the drainage tube on the intercostal nerve 
The cavity held only 35 cc. 
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dam was stretched until a large tube could be passed through, atid with 
contraction this gave an airtight connection. The entire apparatus uith 
the dental dam about the tube was sterilized, and the tube was inserted 
through the thoracotomy wound. The dental dam gave an airtight 
closure of the thoracic cavity as long as sufficient suction was applied 
to the tidal irrigation flask. In the absence of any other source of 
suction, the air vent to the tidal irrigation flask was connected witli a 
Connell apparatus (figs. 1 to 3). This was immediately thrown out of 
commission by the rapid and wide excursions of the drops of water in 
the upright tube associated with every rcsiiiratory movement. The 



Fig. 12 (patient 12). — Roentgenogram of the chest of a girl, aged II, taken 
two days before operation. There is a massive streptococcus empyema of tiie 
right side, complicating pneumonia. She was treated by trocar thoracotomy and 
tidal irrigation at the earliest possible time, and about four days after tlic probable 
onset of the empyema. Improvement was rapid and uninterrupted. 

lower end of the tube was then placed below the level of the fluid iu the 
drainage basin, and a valve placed on the end, allowing the escape of air 
and fluid but preventing any sucking back with inspiration. This 
arrangement adapted the Connell apparatus to this continual variation 
of pressure, and the apparatus was run sufficiently fast to more than 
counteract the leakage from the bronchial fistula. If a large bottle is 
connected so as to increase the volume of the system under decreased 
tension, it will stabilize the wide variations in pressure associated with 
the respiratory movements (fig. 4). 
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A water manometer (figs, 1 and 3, tube 7) was attached so that the 
amount of suction could be determined at any time. The lung expanded 
rapidly (figs. 7 to 10) and the fistula closed within thirty-six hours. 
The reversed mercury manometer ("figs. 1 and 3, cylinder 8) was then 
added to permit the entrance of air when a certain suction was obtained 
and thus regulate the maximum suction. The long glass tube (10, 
fig. 3) open to the outside air could be forced to any depth below the 
surface of the mercurj'. IVhen (he suction was sufficiently great to cause 
the displacement of the niercury downward for this distance, air would 
bubble in through the mercury and no greater suction could be obtained. 



Fig. 13 (patient 12). — Roentgenogram taken twentj-foitr hours after trocar 
thoracotomy for massive empjema on the right side. The heart and mediastinum 
were displaced to the left (fig. 12). There had been continuous tidal irrigation, 
with no suction other than that given by the dependent position of the rubber 
bag. Note the rapid expansion of the right lung, with the return of the heart 
and mediastinum to their normal position There was a certain amount of pleural 
pain associated with the respirator}’ morements, but no other untoward effects. 
The temperature rapidly fell to normal (fig 16). 

This tube also served, as an entering vent for air when the solution was 
syphoned from the tidal irrigation flask. Since in most cases not more 
than from 6 to 8 inches (15.2 to 20.3 cm.) of suction is needed, water 
is now used instead of mercury. When the flask was refilled all suc- 
tion was released, but the positive pressure obtained could be no greater 
than was required to force air out through the water manometer (tube 
7, fig, 3) projecting below the level of the colored solution in the small 
bottle. This was about half an inch of hydrostatic pressure. 
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In actual use, suction had to be maintained in the cinpycnia cavity 
at all times. The dental dam was held in position bv a small dressing, 
but the watertight closure was obtained solely Ijy suction. ;\ny tem- 
porary release ol suction meant an immediate escape of fluid into the 
bed. Accordingly, while suction was present tlie tube to tlic chest was 
clamped, the tidal irrigation flask emptied and refilled, and only after 
sufficient suction was present in the system, as indicated by the water 
manometer, was the tube to the chest undamped. This apparatus was 
in use for twentj'-seven days, and on only one occasion was there a 



day." Note eidueemh postoperative 

curvature of the spine. The ra,nd return to . ° 

and 17 showing the chest about two months later'"’‘Thru,b 

desirable position, coming in through the costonlirpnlc ^ 
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enters the chest is sucked in by inspiration except for the possible occa- 
sional distention of tlie cavity under sligiit pressure to discourage any 
tendency to pocketing. TIic flask has the advantage over the rubber 
bag in that it can be used in cases of bronchial fi.stula, and permits the 
more accurate regulation of suction. In the early stages the reservoir 
is emptied and refilled every hour with warm solution, while in the 
later stages the interval can be lengthened, depending on the amount of 
drainage. For the first seven to ten days the treatment should be 
directed toward favoring irrigation rather than collapsing the cavity. 



Fig 15 (patient 12) — Roentgenogram showing the complete return to normal, 
with no defonnity (figs 15 and 14), practically no thickening of the pleura and 
the right costophrcnic angle clear without noteworthy adhesions of the diaphragm 
to tile wall of the chest Tins roentgenogram was read as “lungs clear No 
cridence of old empyema on the right side” 

Suction ; As soon as the cavit}^ is well cleaned out, the temperature 
is normal, and time has been allowed for the clearing up of the infection 
(about ten days), suction can be applied if the cavitt'- is not already 
obliterated. The simplest method is to place the leservoir below tlie 
level of the empyema cavity. In case gi eater suction is desired, when 
the rubber bag is being used, the syphon to the floor can be periodically 
opened for a pait of the time. With the rigid walled reservoir this 
same system of suction can be employed by closing the air vent, or suc- 
tion can be applied by the elimination of air through the vent in the top 
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1 to 3). Any method which periodically applies and releases the 
suction is preferable to continuous suction, since the former procedure 
favors the occasional full distention of the cavity, and thus diminishes 
the possibility of pocketing. The Connell drip which I use, with pro- 
vision for regulating the suction, is illustrated in figures 1 to 4. 

Obstruction of Tube; The tube became obstructed with piis and 
exudate in a few cases of pneumococcus empyema on Only a few occa- 
sions. Obstruction apparently occurred when the lung expanded suffi- 
ciently to allow the rubbing off of the thick shaggy exudate on the 
pleural surface. After this large quantity of exudate which suddenly 
flooded the cavity was removed, there was no further trouble. 

One other cause of obstruction should be noted, however ; when the 
cavity is slow in collapsing, the diaphragm becomes elevated and adhe- 



Fig. 16 (patient 12). — Temperature curve showing the rapid fall of tempera- 
ture to normal within four days after operation. This, together with the course 
of five othei patients having acute hemolytic streptococcus empyema, suggests that 
delay in operating is not necessary in these cases. 

rent to the wall of the chest. When the tube is inserted for only a short 
distance at the costophrenic angle, it may become closed over, thus 
preventing drainage and irrigation, a condition which occurred in one 
of my patients on the thirtieth postoperative day, and tlie tube iiad to 
be inserted to a greater depth before the cavity was entered. 

In a number of cases, after expansion occurred, the irrigation com- 
pletely stopped when the patient lay on the back, indicating that tlie 
cavity was collapsed. When the patient was turned on the normal side 
however, permitting the weight of the thoracic contents to enlarge the 
empyema cavity, irrigation immediately began and continued as loiw as 
this position was maintained. Early in the treatment of some patients 
as much as 500 cc. of fluid ran into or out of the chest when the patient 
was turned. In a nnmlDer of cases, after the first week, additional 
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suction was applied wlienever tlie patient lay with the empyema cavity 
uppermost. This additional suction facilitated healing hy keeping the 
cavity collapsed and preventing the wide e.vcursion of the wall of the 
empyema cavity, thus avoiding pulmonary compression and mediastinal 
displacement. 

Die inde.v to the colIap.se of the cavitN' has been the diminishing 
excursion of the particles of fibrin which can be seen in the glass con- 
necting tube, this motion completely ceasing and the drainage becoming 
thicker when the cavity collapses to a sinus. From about four to seven 



Fig. 17 (patient 12). — A was taken eighty-six days after operation. At this time 
the patient had gained 22 pounds (10 Kg.) in weight, and the chest was entirely 
normal to inspection and otlicr e.xaminafions. E was taken four days after the 
removal of the drainage tube. The sinus was closed except for a small granu- 
lating area, and there had been no drainage following the removal of the tube. 
The scar from the thoracotomy can be seen about in the posterior axillar}' line, 
and over the eighth intercostal space. This gave dependent drainage, with the 
tube lying on the diaphragm (fig. 14), and also permitted the patient to lie on 
her back without discomfort or obstruction to irrigation. 

days after irrigation ceases, the apparatus is disconnected and the tube 
irrigated. This time is necessarj^ to allow the lung to become sufficiently 
adherent to prevent a reformation of the cavity by pulmonary collapse. 
If it is found that when a small amount of fluid is forced into the tube 
it comes out through the sinus, the tube is removed and the sinus mea- 
sured. This is done by completely" emptying the sinus of all fluid and 
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then filling it until it overflows, the tube being gradually withdrawn as 
the fluid goes in. This method gives a more accurate estimate of the 
size of the cavity than do ifliysical or roentgen examinations. 

Size of Sinus : For all patients, including those who died about the 
tenth day. the two with chronic infection of the lung and the one with 
a resection of the rih in whom irrigation was discontinued on the sev- 
enth day, the average size of the cavitj' at the time the irrigation was 
discontinued was 9 cc. For the usual case in which trocar thoiacotomy 



Fig. IS (patient 1). — Roentgenogram of the chest of an infant, aged 2 montlis, 
taken on the sixth day of the empyema, and four days before operation. The 
empyema was a complication of pneumonia, and the cultures showed Staphylo- 
coccus aureus. This patient had a bronchial fistula complicating the empyema. 
She had been treated by periodic aspirations for ten days before operation, and 
developed multiple abscesses in the puncture wounds (see fig. 19). 


was performed and in which the patient went on to recovery, the sinus 
held from 2 to 6 cc., being practically no more than the space occupied 
by the tube. 

Time Required for Healing after Discontinuance of Irrigation ; One 
of the patients with a chronic infection of the lung had a tube in the 
sinus for 112 days, the sinus healing within four da)^s after the tube 
was removed. In the other patient with chronic infection of the lune 
empyema of eight months’ duration and bronchial fistula the sinus 
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liealccl williin seventy clays after treatment was started. This saving of 
time was accomplished by the application of suction until the cavity was 
completely obliterated. In the other patients who recovered, the tube 
was kept in for an average of thirteen days after irrigation was discon- 
tinued. The sinus promptly healed within an average of five days after 
the tube was removed, the rapid closing being obtained irrespective of 
whether the tube had been left in place for a long or a short time. 

Dressings: In over 60 per cent of the patients on whom a trocar 
thoracotomy was ])crformed. the wound was not dressed for the first 
month except to remove the irrigation apparatus. When the cavity had 



Fig. 19 (patient 1). — Roentgenogram taken forty-four clays after trocar 
thoracotomy, A comparison with figure IS shows the considerable growth of 
the patient, the clearing up of all deformity of the chest, and only a slight thick- 
ening of the pleura along the a.xillarj’ border. (Both pictures were taken at 6 
feet, and have the same scale of reduction in size.) 

closed to a small sinus, the dressings were changed from every one to 
three days in order to measure the cavity to see that it was not enlarging, 
and to shorteit the tube so as to allow closure from the bottom. In the 
patients with chronic empyema, dressings, after the first one, were 
applied from one to two weeks apart. In a patient with tuberculous 
empyema, the wound was dressed every week in order to cleanse the 
skin and restrap the apparatus to insure against the tube working back 
and forth and carrying infection into the chest. In the absence of leak- 
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age, even after the tube had been in the chest for from twenty to fifty 
days, there were a number of patients who did not show any redundant 
granulation tissue about tlie opening of the sinus (fig. 17 h). 

Temperature: The temperature curve is difficult to evaluate on 
account of the numerous complications, particularly among children. In 
patients free from other inflammatory lesions, the drop to normal 
occurred usually within forty-eight to seventy -two hours, and the tem- 
perature remained normal throughout the postoperative course (figs. 11, 
16 and 22). 

COMPLICATIONS 

The following list of complications not related to the method of 
treatment is given as an explanation of the persistent or late elevation 
of temperature and the consequent delay in removal of the tube; bilat- 
eral empyema. 4; pericarditis, 2; peritonitis. 2; septicemia and pyemia, 
8 ; meningitis, 2; pyarthrosis, 1 ; endocarditis. 1 ; bilateral pneumonia, 7 ; 
chronic infection of the lung, 2; pyelitis, .1; severe infections of the 
skin (iinpetigo and furunculosis), 3: bilateral otitis media. 8; acute 
mastoiditis, 1; diphtheria, 2 ; diphtheritic myocarditis. 1; mca.sles, 1 ; 
mumps, 1; whooping cough, 1; chickenpox, 1; syphilis, 2; acute intes- 
tinal indigestion, 1 ; gunshot wound with perforation of the sfomacli and 
liver and severe hemorrhage, 1 ; bromide delirium, 1. 

The complications directly referable to the method of treatment were 
osteom 3 "elitis of the ribs, 2; enlargement of the cavity following too 
early removal of suction. 2; severe pain from pressure of the tube on 
the intercostal nerve, 1. One of the patients now under treatment and 
not included in this report developed a pocket from too rapid obliteration 
of the cavity. 

Streptococcus Empyema . — Cases of streptococcus empyema are con- 
sidered separately because in each instance operation was advised and 
performed at the earliest possible opportunity. This procedure is con- 
trary to a widely prevalent method of treatment, in which operation is 
delayed as long as possible, the patient being treated by repeated aspira- 
tions. The reasons for advising early operation are as follows : 

1. The operation is only a slightly more extensive procedure than 
an aspiration. 

2. There is less disturbance to the protective inflammatory zone 
about the collection of pus if there is a gradual and steady drainage as 
the lung expands rather than a forced expansion of the lung by a more 
rapid aspiration. Therefore, it is better to allow a gradual expansion 
rather than repeated expansions by aspiration, followed by a collapse 
from the reaccumulation of fluid. 

_ 3. There is less danger of abscesses of the wall of the chest that so 
trequently occur in the puncture wounds. 
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4. With less trauma to the wall of the chest and particularly to the 
protective inflammatory zone about the empj'ema cavity, there is less 
danger of bacteremia and metastatic infections. 

5. Recovery is always favored by the early drainage of pus if this 
can be done without extensive trauma or tiie institution of unfavorable 
conditions, as a sucking wound and pneumothorax. 

Of the seven patients with a hemolytic streptococcus infection, six 
showed immediate improvement (figs, 12 to 17), while the seventh, who 
had a heary blood stream infection and signs of peritoneal irritation 
before operation, died within fort 3 '-eight hours. Autopsj' showed peri- 
carditis, bilateral empyema and peritonitis. 

The four patients with a nonhemolytic streptococcus infection 
responded well to operation and recovered. One of them, however, 
had a stormy course due to repeated exacerbations in a basilar pneu- 
monia occurring long after the empvema cavity was completely healed. 

Bronchial Fistulas . — Seven of the patients had a bronchial fistula 
complicating the empj’ema. Six of the fistulas were of relatively 
recent occurrence, while one had been present for eight months. All 
the patients were treated by tidal irrigation, the apparatus used being 
that with a flask having an air vent to permit the escape of air as it came 
in through the fistula. With three patients, the flask was kept a little 
below the level of the empyema cavity to give sufficient suction to pre- 
vent aspiration through the fistula (figs. IS and 19). With the others, 
including the patient with a resection of the ribs (figs. 1 to 3 and 5 to 
11), suction was applied to the contents of the reservoir through the 
air vent. With this arrangement the flask can be placed at a higher 
level than the empyema cavity, thus facilitating the escape of air, while 
the increased height of the flask is counterbalanced by an increase in the 
amount of suction. In one case the fistula was closed twenty-two 
hours after operation, in five others forty-eight hours or less after oper- 
ation, while in the sixth acute case the fistula persisted for four days. 
The fistula of eight months’ duration was closed at the end of a week. 
With this rapid closure of the fistula, the course of these cases was not 
unlike that of the cases of simple empyema (figs. 5 to 11, IS and 19). 

Two possible explanations of this rapid closure must be considered: 
first, that with the expansion of the lung, the sinus through which the 
leak occurs becomes longer and possibly more tortuous, and therefore 
the air is less likely to come through, thus giving a better chance of 
permanent closure. The second, and the one that seems more likely, is 
that with the expansion of the lung and obliteration of the empyema 
cavity by adhesions between the parietal and the visceral pleura, the 
opening into the lung is sealed over by the parietal pleura. These adhe- 
sions not only close the fistula, but place the region where it occurred 
beyond the limits of the empyema cavity. 
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Complications in Children Two Fears of Age and Less (figs. IS to 
23).— There have been twelve patients in tins group, five of whom were 
less than 10 months of age, the two youngest being 4 weeks and - 
months, respectively (figs. 18 and 19). Only one (aged 15 months) 
died in the hospital,' autopsy revealing a generalized mfecUon and bilat- 
eral empyema caused by the influenza bacillus. The condition had been 
recognized, and drainage obtained on only one side. The mortality over 
the preceding eighteen years in children 2 years of age and less was 29 



Fig. 20 (patient 6). — Roentgenogram of the chest of a girl, aged 2 years, 
taken thirty-eight days after trocar thoracotomy and eleven days before tidal irri- 
gation was started. (This was the first patient treated with tidal irrigation.) 
Thirty days after the treatment was begun, the sinus had healed and the patient 
was ready for discharge. 


per cent in the group of patients having a resection of a rib, and in 
the more recent group in which closed drainage through a trocar thora- 
cotomy was used it was 50 per cent.* Five patients in this age group 


7. Another patient, 9 months of age, with a bilateral pneumonia, was removed 
from the hospital against advice, and is reported to have died at home 

8. Rienhoff W F Jr , and Davison. W. C • Empyema in Infants Under Two 
^ears of Age, Arch Surg 17:676 (Oct.) 1928. 
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with empyema caused b)- the hemolytic streptococcus have been treated 
in this hospital. Four died/ wliilc tJie one treated by tidal irrigation 
recovered. Of the four jjatients in this age group with empyema caused 
bv Staphylococcus aureus, three developed one or more metastatic 
abscesses and all recovered (figs. 20 to 23). 

advantages or treatiMent 

Free Drainage . — The criticism has been c.xpressed that drainage 
cannot be as ■ftree through a small tube as through the larger opening 



Pig. 21 (patient 6). — Roentgenogram taken si.vty-eight days after the begin- 
ning of tidal irrigation. The patient had been completely well for forty days, 
and there is now almost no vestige of the empyema. 

made by the resection of a rib. I feel that drainage is better with this 
niethod of treatment than with resection of a rib, for the following 
reasons : 

1. Every part of the granulating surface is bathed with a relatively 
clean, nonirritating solution under a tension less than, or certainly not 
greater than, atmospheric pressure. As long as this fluid has a free 
circulation with the outside reservoir and as long as it bathes the entire 
infected surface, there is absolutely free drainage supplemented by con- 
tinuous washing awa}" of any secretions. 



1759 


hart-empyema 

2. When the fluid is under a tension less than atmospheric pressure, 
the flow of tissue fluids to the surface should be better, and therefore 
there should be less absorption than when the infected surface is under 
atmospheric pressure. 

3. In all patients who are free from complications and in whom the 
irrigation is satisfactory, the temperature remains lower (figs. 11, 16 
and 22) than in the patients who have a granulating surface wound of 
equal size. The irrigation of the closed cavity with warm physiologic 
solution of sodium chloride keeps the wound cleaner and causes less 
trauma to the delicate protective granulation tissue than do compresses 
or any type of dressings applied to a surface wound. 

Control of Collapse of Lung.— In addition to the satisfactory drain- 
age and absence of -the trauma of dressings, there is the additional 
advantage, in the acute cases of having the collapse or expansion of 
the lung under control. By proper regulation of the amount of suction 
or of the slight positive pressure in the early stages, the rate of expan- 
sion of the lung is under control. Even in the chronic cases of not too 
long standing the lung can be pulled out to obliterate the dead space. 
The early obliteration of the cavity, after control of the infection, even 
by collapse of the wall of the chest and elevation of the' diaphragm, is 
desirable since it stops the formation of scar tissue. Without .scar 
tissue the chest will be restored to its normal size and contour by the 
action of the muscles of respiration. No e.xercises are necessary. With 
a large amount of scar tissue, forming where there is persistent drainage 
and infection, the deformity rvill persist and progress despite the addi- 
tional muscle pull given by exercises and forced breathing. 

Rapid Recovery; Absence of Persistent Deformity of the Chest . — 
With this method of treatment the empyema cavity was usually 
obliterated within from ten to thirty days, and thus was brought 
about a. rapid recovery without persistent deformity of the chest (see 
all roentgenograms and photographs of patients). Usually there was 
an early but marked transient deformity of the chest caused by a 
curvature of the spine, with a falling together of the ribs and a voluntary 
splinting of the diseased side (figs. 13 and 14). ■ This condition was 
particularly common as the rapid expansion quickly brought the pleural 
surfaces into contact before the formation of adhesions. This contact 
permitted their rubbing together, with the associated pleural pain and 
the resultant attempt by the patient to immobilize the chest. It has been 
noted already that this rubbing together dislodged the exudate over 
the pleural surfaces. Because of the rapid clearing up of the infec- 
tion and obliteration of the empyema cavity with the minimal fibrous 
tissue formation, the chest quickly resumed its norma! contour and 
movements, without any system of exercises. It usually appeared to 
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be normal by the time the patient left the hospital, and frequently 
when roentgenograms were taken from two to three months after 
treatment was begun there was no appreciable thiclcening of the pleura 
(figs. 10 and 15). 

CONDITION OF PATIENTS AT THE TIME OF AND AFTER OPERATION 
The general condition of these thirty-five patients was probably 
not unlike that of any otiier group taken at random. i\'Iost of them 
had acute empyema, and were very sick. It was felt that the drainage 
of any pocket of pus might aid the patient in the fight, so operation was 
performed as soon as a diagnosis was made, even in the presence of a 
generalized infection. Naturally, operation on this t3'pe of patients 
tends to increase the mortalitj' rate among the operative cases. Two 



Fig. 22 (patient 6). — Temperature chart sliowing the continuous fever for 
forty-nine days, with the drop just at the beginning of tidal irrigation, and the 
subsequent course witli only one rise worthy of note. 


of the six patients who died had bilateral empyema and were operated 
on while in an oxj^gen tent. Another had ulcerative endocarditis ; still 
another had a heavy blood stream infection and symptoms of peritonitis, 
the hemolytic streptococcus being the etiologic agent. 

Of the patients who recovered, one had bacteremia with a pneumo- 
coccus of group IV at the time of operation, and three of the patients 
with empyema caused by Staphylococcus aureus developed metastatic 
abscesses. 

The following notes on chronic and tuberculous empyema are given 
with a realization that the number of cases is too small to allow the 
drawing of any conclusions. However, the results to date justif}' 
further work along this line of treatment. 
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Other than a case of tuberculous empyema of cue year’s duration 
in which treatment is now being given, the case of longest standing 
was eight months. This patient had bronchiectasis and a ciironic infec- 
tion of the lung of twenty-five years’ standing complicated by a 
bronchial fistula. Tte huge cavity healed rapidly, closing to a sinus 
holding 35 cc. within thirty-five days, and healing was complete within 
seventy days. In two other cases of ten weeks' and four months' dura- 
tion respectively, healing was almost as rapid as in tlie acute cases. 
The danger of pocketing in cases of long standing is less since the 
cavity cannot be obliterated in a few hours with the small amount of 
suction used. The results in these cases have been so satisfactory 
that I feel that empyema cavities of much longer standing can be 
obliterated by this method of treatment, and that it can be adapted to 
use in association with thoracoplasty in the chronic cases of many 
years’ standing. The lung can be expanded as much as possible over 
a period of weeks or months, and the infection brought under control. 
Following resection of the ribs, suction can be applied beneath the 
flap of soft parts, and it will hold the tissues in apposition more 
satisfactorily than any type of bulky and uncomfortable dressing of 
pads and adhesive plaster to force the soft parts in. The suction has 
the great advantage of application to every part of the cavity, both 
over the lung for expansion and to the wall of the chest for collapse. 
The irrigation will at the same time remove any discharges fi'om 
beneath the flap. 

No patient who has had either chronic or acute empyema has been 
discharged with a drainirrg sinus. 

Deformity of the chest of a moderate degree persisted in one chronic 
case. Two other patients, one with acute and the other with chronic 
empyema, showed in the roentgen examination some elevation of the 
diaphragm. 

In none of these cases was there pocketing within the empyema 
cavity, and no patient developed an abscess along the drainage tract 
as the tube was removed. 


Osteomyelitis of the rib developed in two patients, in both of whom 
healing occurred without further operation. In one of these patients 
a subcutaneous abscess was drained ten months after the empyema. 
This healed promptly and has given no further trouble. 

Of the first thirty-five patients treated, twenty-nine have completely 
recovered and six have died. (Among the fifteen more recent cases 
there has been no death, and all the patients are well on the road to 
recovery.) Since some of the patients who died were in a hopele ! 
condition at the time of operation, a detailed report of each case follows. 



Fig. 23 (patient 6 ). — W was taken six montlis after the beginning of treatment. The scar o 
rter side of the right leg just below the knee can be seen, while one in the left axilla and an 
t the inner side of the left thigh do not show. B shows a larger scar over the left hip. These 
te the points of incision for the drainage of deep-seated metastatic abscesses which were opened 
the course of the erop^'eina. The patient, who had been entirely well for five months, had si 
ime digestive disturbance for a few days before the photograph was made. The associated h 
bialis are plainly visible. B was taken six months after operation, showing the scar from 
ocar thoracotomy. A tube in this position prevents the patient from lying on the back or the 
ie; and whenever the patient rolls back, the tube becomes obstructed. The site of the thoracoi 
r massive empyema was changed (fig. 17 B) to the posterior axillary line, at the most dependent 
the cavity. 
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report of fatal cases 

Case L— A white man, aged 48, with ulcerative endocarditis and septicemia 
(pneumococcus, type IV) at the time of operation, di«I on the tenth postoperative 
day. At autopsy, the empyema cavity was clean, lined by healthy granulation 
tissue, and held less than IS cc. The microscopic sections showed little inflam- 
mation about the cavity. 

Case 2.— A colored girl, aged 10, with a heavy blood stream infection (hemo- 
lytic streptococcus) and symptoms of upper abdominal peritonitis at the time of 
operation, died forty-eight Iiours later. At autopsy, the empyema cavity was 
found to be practically obliterated. There was purulent pericarditis with exudate 
in the adjacent pleural cavity on cither side, diaphragmatic peritonitis and a 
heavy blood stream infection. 

Case 3.— A white boy, aged 3 years, was deseribed by the pediatricians as 
moribund at the time of operation for empyema on the left side four days after 
the right side had been drained. The operation was performed under the oxygen 
tent. With irrigation of both pleural cavities, with suction to keep the lungs 
expanded, and with the use of the oxygen tent to relieve the cyanosis and 
respiratory distress, there was marked improvement. After ten days, the pros- 
pect for recovery seemed good. The patient then became rapidly worse, showed 
signs of extensive fresh pneumonia and died. Permission for an autopsy could 
not be obtained. 

Case 4.— colored girl, aged 3 years, with empyema of the right side caused 
by the hemolytic streptococcus, and complicated by a bronchial fistula, improved 
rapidly following operation. The fistula closed within twenty-two hours, and 
the empyema cavity was obliterated to a sinus within three weeks. Three days 
after irrigation was discontinued, and after three weeks with a normal tempera- 
ture, the patient developed pneumonia on the left side. This was followed by 
left-sided empyema (pneumococcus type 1). The patient died twelve hours after 
drainage was instituted, operation having been performed without removing the 
patient from the oxygen tent. Autopsy showed little pus in the fresh empyema 
.cavity, from which several hundred cubic centimeters had been evacuated. A peri- 
carditis and peritonitis were present, and from these pneumococci, type I, were 
grown. 

Case 5.— .A. white girl, aged 2 years, with bilateral pneumonia, was described 
in the admission note made by the pediatricians as moribund. Contrary to advice, 
on the ninth postoperative day, her parents, foreign-born and unable to speak 
English, took her from the hospital. She is reported to have died at home. 

Case 6.— A white boy, aged 1 year, with empyema on the right side caused 
by influenza bacillus, died on the tenth postoperative day with symptoms of men- 
ingitis, Autopsy revealed empyema on the left side which had not been recog- 
nized, bilateral pneumonia, pyarthrosis of the right hip and meningitis. The 

empyema cavity on the right side was small, dean and lined by healthy granula- 
tion tissue. ® 


SUMMARY 


Tidal irrigation between an outside reservoir and the empyema 
cavity prevents obstrucHon of the tube by washing away obstructine 
particles when the flow is reversed. “ 

No fluid is run into the chest under pressure; fluid is drawn in bi^ 
the expansion of the chest during inspiration. 
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Irrigation with a fluid at a tension less tlian atmospheric pressure, 
through a system that does not become obstructed, gives a more satis- 
factory drainage than docs an open thoracotomy. 

There is less danger of tlic development of osteomyelitis of the 
ribs than when the rib is cut across. 

The rapidity of lung expansion can be regulated by the amount of 
suction or slight positive pressure aj)plied. 

A report is made of the first thirty-five cases of acute empyema 
in which continuous tidal irrigation and suction were used. 

The patients varied in age from 4 weeks to 48 years, twelve of 
them being 2 years of age or less. 

An initial trocar thoracotomy was performed in all but one of the 
cases. Two other patients later bad a resection of the ribs, one for open 
drainage in the presence of a bronchial fistula (first case), and the 
other for the relief from pain caused by contact of the tube with the 
intercostal nerve. 

Of the two patients in wliom a rib was resected for drainage, in 
one tile wound was closed tightly about the tube ; in the other the open- 
ing was dosed by rubber dam and suction. In both patients the cavity 
was rapidly obliterated. 

There was a wide variety of organisms, but the method of treatment 
was equally well suited to all. 

The irrigation was equally satisfactory for thick or thin pus. Even 
coagulated fibrin and exudate came out without obstructing the tube, 
unless the cavdty was suddenly flooded with it. 

The empyema cavit)' u'as kept cleaner than with an}' other method 
of treatment. 

The average time of closure to a sinus holding 5 cc. was twenty-one 
days. The most rapid closure was from a massive empyema cavity to 
a sinus holding 7 cc. within six days. 

Dressings were reduced to the minimum. Frequently there was no 
dressing from- the time of operation luitii the cavity had closed to a 
small sinus (thirteen to thirty days). 

Leakage about the tube occurred in only an occasional case even 
when irrigation was continued for from two to three months. 

Obstruction to the tube occurred only in occasional cases, and was 
usually caused by thick exudate which was rubbed oft’ the pleura; 
in one case it was caused by an elevation of the diaphragm with 
adhesions to the wall of the chest, thus closing over the end of the tube. 

The sinus closed within an average of five days after removal of 
the tube. No patient has had a draining sinus at the time of discharge. 
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In uncomplicated cases there was a rapid fall of temperature to 
normal. Many patients had complications, unrelated to the empyema, 
causing a febrile reaction. At times this persisted after the empyema 
had healed, and delayed the final I'emoval of the tube. 

The only complication related to the method of treatment was 
osteomyelitis of the ribs in two cases. No patient developed pocketing 
or abscesses along the drainage tract. The other complications were 
numerous, diverse and often multiple. 

Patients with an empyema caused b}' the streptococcus were treated 
by early operation; rapid recover)' followed with no unfavorable com- 
plications due to the method of treatment. 

Seven patients had a bronchial fistula, and all recovered as rapidly 
as those patients with simple empyema. With the expansion of the 
lung, the fistula closed within the first few days, even one which had 
been present for eight months. 

Of the eleven children 2 years of age or less with whom treatment 
was followed through, onl)' one died, a mortality of 9 per cent. This 
rate compares favorably with the average mortality of 29 per cent with 
resection of a rib and 50 per cent with trocar thoracotomy over the 
preceding fifteen years. 

The results in three cases of chronic empyema have been most 
satisfactory, and suggest that these cavities of long duration may be 
obliterated without, or at times in association with, thorocoplasty. 

With the rapid recovery there was no persistent deformity of the 
chest except in one chronic case, and frequently there was not even 
thickening of the pleura. 

Twenty-nine of the thirty-five patients with acute empyema 
recovered. The six patients who died had overwhelming infections 
at the time of- operation. 


ABSTRACT OF DISCUSSION 

ON PAPERS BY LOCKWOOD AND HART 

Dr. Howard Lilienthal, New York; There is a slight correction that I 
must make for the sake of the record. I satv Dr. Lockwood’s last patient in 
France in Base Hospital No. 3. I found him with a very bad empyema, and in 
a deplorable condition. I tried decortication of the lung, but aeration and expan 
Sion did not occur, and I did not dare even to close the wound because the man 
was m such a perilous condition. The wound was about 14 inches long and wide 
enough to put two fists into. There he lay, day after day, for weeks, and I 
could not do another thing for him. 

Then I had to leave that base hospital. I came to America, and some months 
afterward I «w him at the Polyclinic Hospital in New York, ^vhich was then an 
army hospital. He looked about as he did when I left him in France 

isiii case. '--H succeeded in such an unprom- 


9. To date there have been only these six deaths in over fifty cases. 
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Dr. Hart’s apparatus interested me, but I believe that the simpler suction 
method of Thiersch is preferable. This is not truly a suction, but an expansion 
method, and is accomplished by a tube fitted with a rubber valve which prevents 
the entrance of air into the chest while permitting drainage of fluid and escape 
of air. Thiersch used a valve made of a rubber dam, but I have found an 
ordinary slit finger cot will do just as well. The valve is known colloquially as 
the flapper valve, and I cannot sec that there is any great advantage in the rather 
complicated, extremely ingenious, method which was shown here. 

My last case was that of an infant, 6 weeks old, with an acute empyema and 
abscess of the lungs from which foul pus was discharged by mouth. There was 
pneumococcus infection. That child was treated by the flapper tube method 
through an intercostal puncture and was entirely well and discharged from the 
hospital eleven days from the time of operation. 

Dr. Dervx Hart; I have nothing further to say except in answer to the 
question as to the type of fluid. In all of the acute cases and some of the chronic 
cases physiologic solution of sodium chloride was used; in one of the chronic 
cases a surgical solution of chlorinated soda (Dakin's solution) was alternated 
with the other solution. 



PROCEEDINGS 


Wedncsday, April 24 

The council met in executive session at 8 : IS p. m. 

Thursday Morning, April 25 
The Association met at Barnes Hospital at 9 a. m. 

Operative clinics were conducted by Dr, Evarts A, Graham and Dr. Duff S. 
Allen, St. Louis. 

Cases were demonstrated by Dr. J. J. Singer and Dr. Evarts A. Graham, St. 
Louis. 

A short business meeting was held at noon. 

Thursday Arrr.RNOoN, April 25 

Demonstrations were given of recent laboratory work conducted by the staff 
of Barnes Hospital and Washington University Aledical School. Drs. Harry 
Alexander, William Kountz, Duff S. Allen, Evarts A. Graham, Philip Varney, 
I. Y. Olch, H. C. Ballon, Peter Heinbecker, S. H. Gray, J. Cordonnier, J. J. 
Singer, Alfred Goldman and Byron Francis participated. 

Friday Morning, April 26 

The meeting was continued in the auditorium of Washington University Med- 
ical School. The following papers were presented: 

Dr. Emile Holman and Dr. Mary E. Mathes, San Francisco: “The Production 
of Intrapulmonary Suppuration by Secondary Infection of a Sterile Embolic 
Area.” 

Dr. C. M. Van Allen, New Haven, Conn.; Dr. W. E. Adams and L. S. Hrdina, 
Chicago; “Bronchogenic Contamination in Embolic Abscess of the Lung’’ and 
“Embolism in Bronchogenic Infection of the Lung.’’ 

Drs. J. B. Flick, Louis Clerf, Elmer H. Funk and John T. Farrell, Jr., Phila- 
delphia ; “Pulmonary Abscess : An Analysis of One Hundred Seventy-Two 
Cases.” 

Dr. F. A. C. Scrimger, Montreal: “A Case of Abscess of the Lung.” 

These four papers were jointly discussed by Drs. Willy Meyer, New York; 
Howard Lilienthal, .New York; Wyman Whittemoro, Boston; G. P. Muller, 
Philadelphia; A. L. Lockwood, Toronto; E. F. Butler, Elmira, N. Y. ; E. C. 
Cutler, Cleveland; Kennon Dunham, Cincinnati, and in closing by Drs. Holman 
Scrimger, Flick, Clerf and Van Allen. 

Dr. Edward D. Churchill, Boston: “Decortication of the Heart (Delorme) 
for Adhesive Pericarditis.” 

Drs. John Alexander, A. Garrard Macleod and Paul S. Barker, Ann Arbor 
Mich.: “Sensitility of the Exposed Human Heart and Pericardium.” 

The discussion on these two subjects was opened by Dr. Evarts A. Graham 
St. Louis, followed by Drs. Howard Lilienthal, New York; E. W A Ochsner' 
New Orleans- E. C. Cutler, Cleveland; P. N. Coryllos, New’ York, and'in closing 
t)y Ur, Churchill. ® 

Dr. William DeW. Andrus and Dr. J. D. Wilson, Cincinnati; “The Effects 
of Closed Pneumothorax and Phrenicotomy on the Cardiorespiratory Function.” 
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Dr. Charles D Lockuood, Pasadena, Calif “The Treatment of Some Unusual 
and DitTicuIt Cases of Emp\enia’’ 

Dr Derji H.irt, Baltimore "Empjema Trc.atment In Tidal Irrigation and 
Suction ” 

The papers hj Drs Locknood and Hart were discussed In Dr Howard Lilien- 
fhal, N^ew 1'ork, and in closing In Dr Hart 

Friday \itihnoon, Ariui 26 

The Association met in c\ccuti\e session for election of officers, new members 
and such other business as was brought before the meeting 

The following papers were presented 

Dr John L Yates, .Milwaukee- Presidential Address 

Dr Howard Libcnfhal, A'cn York “Direct Drainage of Tuberculous Ptilmo 
nar> Caeities ’ 

Dr Edward S Welles, Saranac Lake, N Y “Pbreiiicccloiiij in Three Hun 
dred Cases of Pulnionare Tuberculosis” 

Dr Ralph C Matson, Portland, Ore “The Electrosnrgical Method of Closed 
Intrapleural Pneunwhsis in Artificial Pneiiinotliorav ” 

Dr Frank S Johns ,md Dr Dean B Cole, Richmond, Va “Therapeutic 
Pulmonare Collapse ” 

These fne papers were then discussed b> Dr Edward S Welles, Saranac Lake, 
and in closing b\ Dr ifatson 

Drs R II Oierholt, George P Muller and Eugene P Pendergrass, Philadel- 
phia “Postoperatue Pulmonarv Ihpoeentilation ” 

Tins paper w as discussed bj Drs G P Muller, Plnladclplna , Kennon Dunham, 
Cincinnati, Wilh Mejer, New York, Eearts A Graham, St Loins, P N 
Coryllos, New York, J J Singer, St Louis, and in closing bi Dr Oierholt 


Saturi)a\ Mormno, Arril 27 


The nicctnig coin cued at 9 10 a in 
The following papers were presented 

Dr C C Macklni, London, Ontario “Functional Aspects of Bronchial 
Muscle and Elastic Tissue ” 

Dr William Fludsoii and Dr Hans A Jarre, Detroit “Cm E\ Camera 
Studies of the Tracheobronchial Tree,” with motion pictures 

The discussion on these two papers was opened bj Dr Esarts A Graham, 
St Louis, followed by Drs Macklin and Hudson, essajists 

Dr Stuart W. Harrington, Rochester, IMinn “Surgical Treatment of Intra- 
thoracic Tumors” 

Dr Pol N Corjllos and Dr George L Birnbaum, New' York “The Circu- 
lation in the Compressed, Atelectatic and Pneumonic Lung" 

Dr Emile Holman, San Francisco, opened the discussion, and Dr Corjllos 


closed it 

Dr James Greetiougli, Cooperstonn, N Y “Operations on the Innominate 
Artery Report of a Successful Ligation ” 

The discussion was opened by Dr John Alexander, Ann Arbor, followed 
by Dr Emile Holman, San Francisco Dr Greenough closed the discussion 
Dr Edgar W Phillips and Dr W J Merle Scott, Rochester, N Y “The 
Surgical Treatment of Bronchial Asthma ” 



CHANGES IN CONSTITUTION AND BY-LAWS 


At the twelfth annual meeting of The American Association for Thoracic 
Surgery, Article IV, Section 2, of the By-Laws was amended to read as follows; 

“Active iMembership shall be limited to 100. The candidate, to be eligible, 
must be resident in the United States or Canada, must be a graduate in medicine 
of not less than ten years’ standing, and must have made a meritorious contribu- 
tion to knowledge pertaining to the thoracic field. In nmtsnal circumstances the 
ten-year requirement will be waived.” 

The amended portion of the section appears in italicized type, and the amend- 
ment became effective upon adoption. 



LIST OF MEMBERS OF THE AMERICAN ASSOCIATION 
FOR THORACIC SURGERY 
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Dr. Edward R. Baldwin 6 Cliurcli Street, Saranac Lake, N. Y. 

Dr. AIc.xis Carrel Rockefeller Institute, New York 

Dr. Norinnn B. Carson 7006 Maryland Avenue, St. Louis 

Dr. Georges Dcliclly 25 Rue Henry Gencstal, Lc Havre, France 

Dr. Alfred Meyer Apt. 16 E., 1225 Park Avenue, New York 

Dr. S. Adolphus Knopf 16 lYcst Ninety-Fifth Street, New York 


Active Members 

Dr. John -Alexander University Hospital, Ann Arbor, Mich. 

Dr. Carroll W. Allen 509 Machcca Building, New Orleans 

Dr. Duff S. Allen Washington University Medical School, St. Louis 

Dr. William DeWitt Andrus Cincinnati General Hospital, Cincinnati 

Dr. Edward W. -Archibald 52 Westmount Boulevard, Montreal 

Dr. Hugh Auchincloss Presbyterian Hospital, New York 

Dr. A. T. Bazin Medical Arts Building, Montreal 

Dr. Emil G. Beck 2551 North Clark Street, Chicago 

Dr. Ralph B. Bettinan 104 South Michigan Avenue, Chicago 

Dr. Howard L. Bcyc University of Iowa, Iowa City, Iowa 

Df. Frank K. Boland 478 Peachtree, N.E., Atlanta, Ga. 

Dr. Lawrason Brown 104 Main Street, Saranac Lake, N. Y. 

Dr. Harold Brunn 384 Post Street, San Francisco 

Dr. Ethan F. Butler 370 West Church Street, Elmira, N. Y. 

Dr. J, Roddick Byers 74 Westmount Boulevard, Montreal 

Dr. A. H. W. Caulfield 160 Bloor Street W., Toronto 

Dr. Edward D. Churchill 240 Longwood -Avenue, Boston 

Dr. Louis H. Clerf 128 South Tenth Street, Philadelphia 

Dr. Rufus Cole. 960 Park Avenue, New York 

Dr, Pol N. Coryllos 48 East Seventy-Fifth Street, New A’ork 

Dr. Samuel J. Crowe Johns Hopkins Hospital, Baltimore 

Dr. Elliott Carr Cutler Lakeside Hospital, Cleveland 

Dr. T. C. Davison Suite 35, Doctors’ Building, Atlanta, Ga. 

Dr. Victor P. Diederich Hot Springs, Ark. 

Captain Chauncey E. Dovell, M.C., U. S. Army Fort Monroe, Va. 

Dr. Kennon Dunham 1020 Union Central Building, Cincinnati 

Dr. Edmond M. Eberts 2019 Peel Street, Montreal 

Dr. Carl Eggers 850 Park Avenue, New York 

Dr. Ma.x Einhorn 20 East Sixty-Third Street, New York 

Dr. Leo Eloesser 738 Butler Building, San Francisco 

Dr. R. G. Ferguson. .. Saskatchewan Sanatorium, Fort Qu’Appelle, Saskatchewan 

Dr. Herman Fischer 35 East Eighty-Fourth Street, New York 

Dr. John B. Flick 1608 Spruce Street, Philadelphia 

Dr. Conrad Georg, Jr 117 East Liberty Street, Ann Arbor, Mich. 

Dr. Evarts A. Graham Washington University Medical School, St. Louis 

Dr. Nathan W. Green 152 West Fifty-Seventh Street, New York 

Dr. Fraser B. Gurd 115 Stanley Street, Montreal 
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Dr. James T. Gwathmey 40 East Sixty-First Street, New York 

Dr Stuart W. Harrington Mayo Clinic, Rochester, Minn. 

Dr. Carl A. Hedblora 25 East Washington Street, Chicago 

Dr, George J. Heuer Cincinnati General Hospital, Cincinnati 

Dr, Charles Gordorr Heyd 116 East Fifty-TIiird Street, New York 

Dr. James M. Hitzrot 126 East Thirty-Seventh Street, New York 

Dr. Emil Holman Stanford Univ., School of Medicine, San Francisco 

Col. William L. Keller, M.C., U; S. Army 

Walter Reed Hospital, Washington, D. C. 

Dr. James H. Kenyon 22 East Sixty-Ninth Street, New York 

Dr. John D. Kernan 120 East Seventy-Fifth Street, New York 

Dr. Adrian V. S. Lambert 168 East' Seventy-First Street, New York 

Dr. Walter Estell Lee 90S Pine Street, Philadelphia 

Dr. Willis S. Lemon 510 Tenth Avenue S.^Y., Rochester, IMinn. 

Dr. Leon T. LeWald 114 East Fifty-Fourth Street, New York 

Dr. Howard Lilienthal 52 East Eighty-Second Street, New York 

Dr. John Lloyd 176 South Goodman Street, Rochester, N. Y. 

Dr. A. L. Lockwood 164 Bloor Street, Toronto 

Dr. Charles D. Lockwood 295 Markham Place, Pasadena, Calif. 

Dr. Frederick T. Lord 305 Beacon Street, Boston 

Dr. Urban Maes 1671 Octavia Street, New Orleans 

Dr. Rudolf Matas 2255 St. Charles Avenue, New Orleans 

Dr. Ray W. Matson 521 Medical Arts Building, Portland, Ore. 

Dr. Ralph C. Matson 521 Medical Arts Building, Portland, Ore. 

Dr. E. S. MeSweeney 132 East Thirty-Sixth Street, New York 

Dr. Willy Meyer 700 Madison Avenue, New York 

Dr. James Alexander Miller 133 East Sixty-Fourth Street, New York 

Dr. Robert T. Milter, Jr 9 East Chase Street, Baltitnore 

Dr. James F. Mitchell 1344 Nineteenth Street, Washington, D. C. 

Dr. Alexis V. Moschowitz 925 Madison Avenue, New York 

Dr. George P. Muller 1930 Spruce Street, Philadelphia 

Dr. Harold Neuhof 4 East Ninety-Fifth Street, New York 

Dr. Alton Ochsner 1551 Canal Street, Tulane Univ., New Orleans 

Dr. Edward N. Packard 105 Main Street, Saranac Lake, N. Y. 

Dr. C. D. Parfit. . .Calydor Sanatorium, on Lake Muskoka, Gravenhurst, Ontario 

Dr. Edward W. Peterson 525 Park Avenue, New York 

Dr. Edgar W. Phillips 240 Alexander Street, Rochester, N. Y. 

Dr. Otto C. Pickhardt 117 East Eightieth Street, New York 

Dr. Henry S. Plummer Mayo Clinic, Rochester, Minn. 

Dr. E, H. Pool 107 East Sixtieth Street, New York 

Dr. Stuart Pritchard Battle Creek Sanatorium, Battle Creek, Mich. 

Dr. Samuel Robinson 22 West Micheltarena Street, Santa Barbara, Calif. 

Dr. Francis A. C. Scrimger Medical Arts Building, Montreal 

Dr. Arthur kr. Shipley University Hospital, Baltimore 

r. J. J. Singer 3720 Washington Avenue, St, Louis 

Dr. John Smyth 724 Baronne Street, New Orleans 

Dr. De Witt Stetten 850 Park Avenue, New York 

Dr. David A. Stewart Ninette, Manitoba 

Dr. George A Stewart 5300 St. Alban’s Way, Baltimore 

Dr. Wilham H. Thearle 1228 Pacific Mutual Building, Los Angeles 

Dr Franz Torek. 1212 Fifth Avenue, New York 

Dr. Philemon E. Truesdale I5I Rock Street, Fall River Mass 



3772 ARCHIVES OF SURGERY 

Dr. Gabriel Tucker University Hospital, Bronchoscopic Clinic, Philadelphia 

Dr. Everett E. Watson Mount Regis Sanatorium, Salem, Va. 

Dr. Gerald B. Webb 402 Burns Building, Colorado Springs, Colo. 

Dr. Edward S. Welles 110 Park Avenue, Saranac Lake, N. Y. 

Dr. Allen Whipple Presbyterian Hospital, New York 

Dr. Wyman Whittemore 199 Beacon Street, Boston 

Dr. Abraham 0. Wilensky 12 East Eighty-Seventh Street, New York 

Dr. Sidney Yankaucr 121 East Sixtieth Street, New York 

Dr. John L. Yates 141 East Wisconsin Avenue, Milwaukee 

Dr. J. H. Wilms 12 West Seventh Street, Cincinnati 

Associate Members 

Dr. David H. Ballon 107 Crescent Street, Montreal 

Dr. H. C. Ballon Washington University Medical School, St. Louis 

Dr. Claude Beck Lakeside Plospital, Cleveland 

Dr. Frank B. Berry 168 East Seventy-First Street, New York 

Dr. Dean B. Cole Professional Building, Richmond, Va. 

Dr. Dan Collier Elkin 24 Doctors’ Building, Atlanta, Ga. 

Dr. Samuel Friedlandcr The City Hospital, Cleveland 

Dr. James Greenough Marj' imogene Bassett Hospital, Cooperstown, N. Y. 

Dr. Deryl Hart Johns Hopkins Hospital, Baltimore 

Dr. Peter Hcinbecker Washington University Medical School, St. Louis 

Dr. W. P. Herbert The Manor, Asheville, N. C. 

Dr. W. A. Hudson 819 David Whitney Building, Detroit 

Dr. Frank S. Johns Johnston-Willis Hospital, Richmond, Va. 

Dr. Hertel P, Makcl. Major, M.C., U. S. Army 

Colon Hospital, Cristobal, Canal Zone 

Dr. Harlan Newton Peter Bent Brigham Hospital, Brookline, Mass. 

Dr. Edward J. O’Brien 305 Professional Building, 10 Peterboro Street, Detroit 

Dr. David Smith Ray Brook, New York 

Dr. Chester M. Van Allen University of Chicago, Chicago 

Senior Members 

Dr. William Branower 945 West End Avenue, New York 

Dr. Armistcad Crump 20 West Fiftieth Street, New York 

Dr. Charles A. Elsberg 64 East Fifty-Eighth Street, New York 

Dr. John A. Hartwell 27 East Sixty-Third Street, New York 

Dr. Chevalier Jackson 235 South Fifteenth Street, Philadelphia 

Dr. William Lerche Cable, Wisconsin 

Dr. Morris Manges 72 East Seventy-Ninth Street, New York 

Dr. Walton Martin 230 East Forty-Ninth Street, New York 

Hr. William H. Stewart 222 West Sevent 3 ’'-Ninth Street, New York 



In Memoriam 


HOWARD A. LOTHROP 
1864-1928 

The American Association for Thoracic Surgery lost one of its 
most distinguished senior members when Howard A. Lothrop died on 
June 4, 1928. 

He was one of the finest products of the educational institutions of 
Massachusetts, graduating “magna cum laude” from Harvard College 
and leading his class, 1891, in the Harvard Medical School. He received 
the degrees of Master of Arts and Doctor of Medicine. Then, after 
two )'ears of study in Vienna, he served as house officer at the 
Massachusetts General Hospital. 

Because of the excellence of his scientific work and his abilit}' to 
impart knowledge, Dr. Lothrop was made instructor in surgery in the 
Harvard Medical School, in which capacity he served from 1903 to 1912. 
He was then promoted to the rank of assistant professor of surger}', 
which he held until 1922, From that time until 1923, he had the honor 
of being Acting Professor. 

Dr. Lothrop was unmarried and lived with his mother, who, with his 
two brothers and three sisters, survives him. 

He retired from the staff of the Boston City Hospital in January, 
1927, but retained a large private practice. 

His work on the ligation of arteries for aneurysm was one of his 
important contributions. He was also one of the early contributors to 
the knowledge concerning epigastric hernia. 

Dr. Lothrop had a well deserved reputation as a skilful and con- 
scientious witness in medicolegal accident cases. 

His character was lovable and sincere, and his handsome face and 
youthful carriage made it hard to believe that he was born on Dec 31 
1864. 

Many interests besides medicine and surgerj" enriched his life. Even 
as a boy he was interested in natural history and had a fine collection 
of ornithologic examples of his skill as a taxidermist. He was a 
musician and had an excellent cultivated tenor voice, to which it was 
always a pleasure to listen. For many j'cars he was a member of the 
Han'ard Alumni Chorus. 

His death was particularly sad. It followed two weeks after the 
inception of acute septicemia resulting from a safety-pin prick of his 
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thumb ; to add to the tragcdj’-, he was obliged to undergo an amputation 
of the arm. Such trials demand the highest type of character and 
fortitude, and Dr. Lothrop faced it all with exemplary courage. 

Our Association mourns his loss and extends its deepest sympatiiy 
to his family. 


NECROLOGY 

1920 SAMUEL }. MELTZER 
LEO S. PETERSON 
KENNETH MACKENZIE 

1921 H. H. JANEWAY 
JOSEPH RASONHOFF 
ROBERT M. BROWN 
ROBERT PATTERSON 

1922 HENRY L. LYNAH 

1923 WILLIAM S. HALSTEAD 

1927 FRED W. PARHAM 
CHARLES H. PECK 
SPARRELL S. GALE 

1928 HOWARD A. LOTHROP 



INDEX TO VOLUME 19 


VAGK 

. 129 
. 526 


.1262 


Aljdmiien, incision, new 

review ot surgery ot 

Abscess, embolic, of lungs, broncliogcnlc^ 

cont.imlnation in 

embolism in broncliogenic infection ol 

lung irn-, 

of prostate 

pulmonary 

pulmonary: analysis of 172 cases 

pulmonary, bacterial flora of treated and 

untreated abscesses of lung lo“- 

pulmonary, experimental, following liga- 
tion of pulmonary artery and incision 
and suture ot pulmonary parencliynia..lao6 
pulmonary, witli filling of a cavity and 
closure of a bronchial fistula by pedicle 

muscle ^313 

Achondroplasia 

Adams, IV. E. : Bronchogenic contamination 

in embolic abscess of lungs t^-”- 

Embolism in bronchogenic infection ot 
lung 1279 

Adrenal Gland : See Suprarenals 
Alexander, H. B. : Emphysema simulating ^ 

cardiac decompensation loSl 

Alexander, J. : Sensibility ot exposed hu- 

wan heart and pericardium 14 <0 

Allen. A. IV. : Comparative study of bac- 
tericidal values of 21 commonly used 

antiseptics 512 

Allen, D. S. : Effects ot pressure on heart 
pith reference to advisability of decom- 
pression ot greatly enlarged hearts 1063 

Thoracoplasty and phrenlceclomy 1545 

American Association tor Thoracic Surgery, 

changes In constitution and hy-lav>s 1769 

list ot members 1770 

necrology 1773, 1774 

officers ot 1119 

transactions of 1119, 1767 

Amputation, formation of Gritti-Stokes stump 167 
operation tor making forearm prehensile 

after loss of a hsind 769 

Amylase content of blood and pancreatic 

disease 943 

Andrus, IV. PelV. ; Effects of closed pneu- 
mothorax and pUrenicotomy on cardio- 
respiratory function 1205 

Eeport on activities of chest tumor 

registry 1121 

Anesthesia 564 

Aneurysm, traumatic, subclavian, arterio- 
venous 375 

Anomalies : See Gallbladder ; Kidney ; Ureter 
Antiseptics, comparative study of bacterici- 
dal values ot 21 commonly used 512 


Arthritis, deformity of knee In 

synovial tluid 

Asthma, bronchial, surgical treatment of. 
Atelectasis: See under Lungs 

Baclerln. localisation of. In tissues of low- 


PAGE 

.. 759 
,. 759 
.1425 


crod reslslanec 

Ballon. H. C. : Celiac plcMts 


mill Us 


branches 


1080 

399 


Appendicitis, acute 551 

chronic 554 

drainage for 553 

In children 554 

traumatic 553 

Appendix, endonietrioma of terminal ileum, 

cecum and 152 

Various positions of 554 

Arncson, K. : Value of blood amylase esti- 
mations In diagnosis of pancreatic dis- 

<^aso 943 

Artery. Innominate, operations on ; report of 
a snccossful ligation of innominate 
carotid and subclavian arteries 1484 


Conscuueiices of varlnt'ons In mediastinal 
pressure; mediastinal and suhcutaiicous 

emphysema ‘ 

Experimental ahscc.ss of lung following 
ligation of pnlinonary artery and Incision 
and suture of pulmonary parenchyma. .1 j 86 
Origin of scar tissue In healing ot lnng..ljJj 
Bargen. .1. A. : Carcinoma ot colon ; Intra- 
pcrllonenl vaccination by mixed vaccine 

of colon bacilli and streptococci 906 

Surgical diseases of colon; coopcrallvc 

management ’>18 

Barker. 1*. S. : Sensibility of exposed human 

heart ami pericardium 1470 

Barron, M. E.: Tliromho-anglltls obliterans: 

general distribution of disease 735 

Beaver, M. G, : A'arlations in exlrahcpatlc 

biliary tract 321 

Beck, C. S. : Ben.al counterbalance 073 

BcUman. B. B. ; Effect ot Intrahronchlal in- 
jections of Iodized poppy seed oil 40 

per cent; study on dogs 471 

Biliary Tract, hronchohlllary fistula 149 

extrahepatic, variations In 321 

Blrnbaiim, G. L. : Circulation in compressed 
atelectatic and pneumonic lung (pnen- 
molhorax-apneumatosls-pnenmonla) ... 1340 

Bladder, cysts of 353 

diverliciila 350 

exstropliy 354 

fibrosis of vcslc-'ll neck 354 

fistula 351 

mucous glands of 355 

paralysis 332, 1095 

stone in 349 

Slones In children 1094 

surgery H14 

tumors of 346, 1090 

Blalock, A. ; Oxygen content ot blood in 

patients with varicose veins 898 

Trauma to central nervous system; effects 
on cardiac output and blood pressure; 

experimental study 725 

Blood amylase estimations in diagnosis ot 

pancreatic disease 943 

diastase in, effect ot ligation ot tall of 

pancreas on 733 

oxygen content of. In Patients with varY- 

eose veins gpg 

pressure, trauma to central nervous" "sys- 
tem; its effects on cardiac output and. 725 

supr in, improved method for determln- 



Bloodgood, J. C. : Osteitis fibrosa and giant 
cell tumor 


169 


Bones, carpal, traumatic osteoporosis of. 156 
graft, enlargement ot parturient canal bv 158 
growth, damage to, resulting from ex- 
posure to roentgen rays itr: 

osteoperlpsteal graft, spinal fusion " with 157 
pathologic change In, fundamental concep- 
lions In understanding of 



INDEX TO VOLUME 19 


Moncs — Coiitlimed rAcr. 

sarconm. expcrimcidal 791 

.structure wHh particular reference to Its 
niirlllar nature and relation of function 

to internal architecture 2.J 

Bowers. L. G. : rcrleardotoniy for pyopcrl- 

oardluin 391 

Bradhurn, II, B. : Trauma to central ncrroiis 
system, Its effects on cardiac output 
and hlood pressure ; e.xperlmenta! study 725 
Brady, L. : Pjhroma of vulva contnlnln;; epi- 
thelial Inclusion cyst lOfil 

Branchial Apparatus, Its cmhryoloplc origin 
and pathologic chamres to which It Rives 
rise: presentation of a familial proup of 

/l.stwJas .no 

Bromlnlzed oil, comparison of Iodized oil 

and J6«0 

Bronchi, hronchn-hllhiry IWtula. ........... 149 

bronchial nuiscle and clastic tissue, func- 
tional nsiiccta of .....1212 

caliber cliatiRcs in. In normal respira- 
tion 1.774 

chances In shape and .size of tracheo- 
bronchial tree following stimulation of 

vncosympalhctlc nerve 1577 

romparlson of Iodized and hroininized oils 
In roentcenolocy of tracheo-hronchlal 

tree IGRO 

chi-cx camera studies of trachco-broiichlal 

tree 1256 

effect of Jntrabronchfal Injections of 
Iodized poppy seed oil 40 per cent; 

cxperlmciual study on doRs 471 

Bronchiectasis l.'r»0 

Bronchopraphy UTl 

Brooks. B. : SurRlcal applications of thcra- 
j»cutlc venous obstruction., 1 


Brown, L. T. : Thlrty-elRluh report of iirop- 

rcss In orthopedic surRory 1.74 

Thirty-ninth report of prepress In ortho- 
pedic stirpcry 752 

Ihtcholz, C. II. ; Thlrfy-c/phth retiort of 

proKrcs.s In orthopedic surpery - 151 

Bueermann, IV. II. ; Itevlcw of abdominal 

surpery 527 

Bunlon.s, cojjscrvallvc ojK'ratlon for,. 150 


PAGE 

ChurchlJ], E. D. : Decortication of heart 
(Dolornie) for adhesive i>erlcardltls. . . .1457 

Chylurln His 

Cln-cx camera studies of tracheo-hronchlal 

tree j23C 

Clark, J. : Air embolism from pulmonary 
vein; clinical and experimental study.. 567 

Clav/c/e, fracture of 162 

Clerf, Ij. H. : Pulmonary abscess; analysis 

of 172 cases... ...1292 

Cole, D. B. ; Therapeutic pulmonary col- 
lapse 1193 


Colon, hlood supply of 557 

carcinoma of 553 

carcinoma of; inlrapcrhoncai raccination 
by mixed vaccine of colon bacilli and 

streptococci 90G 

diverticulitis of 557 

Infectious pranuloma of 558 

obstruction of 558 

Rurplenl diseases of; co-operative man- 

npemcnl 518 

.syphilis of 558 

Colostomy 557 

Connor, C. L. : Experimental sarcoma of 
bone 794 


rontraeture. Volkmnnn’s ischemia 762 


Copeland, M. M. : Osteitis fibrosa and plant 

cell tumor 162 

Cordonnlcr. J. : Karly carcinoma of IunR...l618 
Coryllos. P. X. ; Circulation In compressed 
atelectatic and pneumonic Uinp (pneu- 
mol))ora.\-apncuinatosls-pncumonla) . . .1346 
Crohn. N. : Effect of Intrabronchlal Injec- 
tions of iodized poppy seed oil 40 per 


cent: experimental study on dops..... 471 
Crossan, E. T. : The Pell)ct apparatus and 
e«d-res«?ts 71* 


CmtlnP. U. A.: Kelatlon of adrenal pland 
to loxemhi of Intestinal obstruction ; 

experimental study.... 

Cy.Hts, branchial apparatus; Its cmbr.volosIc 
orlpln and patholoplc ehanpcs to which 
U plvcs rise, with presentation of a 

familial proiip of fistulas 410 

epithelial Ineliislon. found In fibroma of 

vulva 12?i 

of bladder - 3t)3 


Cnlcaneum, operation of strlpplnp the os 

caleis 159 

Calculi; See under Bladder; Gallbladder; 

Kidney; etc. 

Cancer: See also Sutconiu; Tumor 

and pastrlc ulcer 519 

mallpnnnt disease of urinary tract 370 

of colon. 5,55, ftOfi 

of epididymis 360 

of fallopian lube, primary; 14 ea-ses..,, 848 

of lunp, early 1018 

of prostate 358, 1101 

of rectum 555 

of stomach 5.50 

of testicles 360 

of urethra 364 

Carbuncle of kidney 934 


Carcinoma : See Cancer 

Cardloij'sis 1568 

Carpus; See Wrist 

Cartilape, loose, from Intervertebral disk 

simulating' tumor of spinal cord....... CGO 

Cave, E. : Thirty-eighth report of progress 

in orthopedic surgery 154 

Thirty-ninth report of progress In ortho- 
pedic surgery 752 

Cecum, endometrionia of terminal Jleum, 

appendix and.. 152 

Celiac Plexus and its branches 399 


Cholecystographj’ 


535 


Daiidv. W. E. : Loose cartilape frojn Inter- 
vertebral disk simulating turner of 

spinal cord 660 

Operative relief from pain In lesions *^7 

mouth, tongue and throat 143 

Danforlh, R. ; Thirty-eighth report of ^ 

progress hi orthopedic surpery 1*^4 

ThJrf.v-nIntJi report of j>rogress In ortho- 

pedic surgery ‘'’•‘ 

Delbct x^ppnratus and end-results.- 712 

dc Tnkats, G. ; Correlations of internal and 
external pancreatic secretion ; effect of 
ligation of tall of pancreas on diastase 

In blood ‘80 

Correlations of internal and external pan- 
creatic secretion : general considerations 

and review of literature "4 

Correlations of Uiternnl and external pan- 
creatic secretion ; histologic changes in 

isolated tail of pancreas ‘ 

Diastase in blood, effect of ligation of tail ^ 
of pancreas 011 


Dislocation and fracture of sternum 
fracture-dislocation of shoulder.... 

Intra-articular, of patella 

living suture grafts in repair of.;.. 

of carpal semilunar bone 

recurrent, of shoulder 

Diverticula of bladder 

of urethra - 


161 

163 

769 

165 

167 

760 

350 

1108 


Diverticulitis of colon 



INDEX TO VOLUME 19 


PAGE 

Duodenum, acute complete obstruction of, 
following gastrojejunostomy; cure by 

degastro-enterostomy 

hemorrhage from stomach and oM 

Effusions, serous, cytology of, with special 

reference to tumor cells 

Elbow, dislocations and simple fractures of 1G3 
Elman, R. : Value of blood amylase esti- 
mations in diagnosis of pancreatic dis- 

ease 

Embolism, air, from pulmonary vein 5G7 

and thrombosis owl 

bronchogenic contamination in embolic . 

scess of lungs J-w2 

in bronchogenic infection of lung. , . . . . 
production of Inlrapulmonary suppuration 
by secondary infection of a sterile em- 
bolic area l24b 

Emphysema, mediastinal and subcutaneous ; 

conseciuences of variations in media- ^ 

stinal pressure 162 « 

simulating cardiac decompensation 1584 

Empyema, treatment by tidal irrigation and 

suction • • " 

treatment of some unusual and difficult 

cases of ...1726 

Endometrioma of terminal ileum, appendix 

and cecum * 1**2 

Epididymis, carcinoma of 3G0 

tuberculosis of 300 

Epiphyses, upper femoral, displacement of 753 

Epispadias 3C9 

Epithelium, healing, histologic study of, 

with practical applications S33 

Ergesterol, irradiated 752 

Esophagus, surgery of 53 

Fallopian Tubes, primary carcinoma of*, 

series of 14 cases 848 

Farrell, J. T., Jr.: Pulmonary abscess; 

analysis of 172 cases 1292 

Femur, displacement of upper femoral epi- 
physes 753 

fractures of neck of, in childhood 7C8 

fractures of upper end of 1G4 

operative lengthening of 764 

Fibroma of vulva containing an epithelial 

inclusion cyst 1061 

Fingers, fractures of metacarpals and pha- 
langes 7C7 

Fistula, bronchial, closure of, by pedicle 

muscle graft, in abscess of lung 1313 

broncliobiliary 149 

of vesical neck 351 

the branchial apparatus, its embryologic 
origin and pathologic changes to which 
it gives rise, with presentation of a 

familial group of 410 

vesicovaginal 1096 

Flick, J. B. : Pulmonary abscess; analysis 

of 172 cases 1292 

I'oulds, G. S. : Revie^Y of urologic sur- 

Kcry 327, 922, 1090 

fracture and dislocation of sternum 161 

dislocation of cervical spine, apparatus 

for reduction of T68 

dislocation of shoulder 163 

in industry IGO 

living suture grafts in repair of 165 

01 clavicle 162 

of pelvis 163 

1G2, 708,’ 968 

ossification .after 7C9 

simple, of elbow !,.!!! 163 

skeletal traction in treatment of 164 

Francis, B. F. : Clianges in shape and size 
01 traciieohronchial tree following stim- 
ulation of vagosympathetic nerve 1577 


Francis, B, F. — Continued face 

Comparison of Iodized oil and bromlnizcd 
oil 1600 


Consequences of variations in mediastinal 
pressure; mediastinal and subcutaneous 

emphysema 1627 

Funk, E. H. : Pulmonary abscess ; analysis 
of 172 cases .....129- 
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struction with hlllnry. pancreatic and 
duodena] secretions short-circuited be- 
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lollowlng ligation of pulmonary artery 
and incision and suture of pulmonary 

parenchyma 1380 

ungin of scar tissue In healing of lung.. 1395 
Orthopedic Surcery, thlrty-elRhth report of 

ProKress In 154 

oilrty-nlnth report of progress in 752 

Os Caicla: See C.ilc.ancuin 
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fractures of 102 

fractures, compression fractures of 7CS 

fractures of transverse jirocesscs of 
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